1

15

20

DATA STORAGE DRI VES N AN AUTOVATED DATA STORACE

LI BRARY Field of the Invention 5This invention
relates to data storage drives of an automated data
storage library which stores portable data storage
cartridges in storage shelves and transports the

por, t (AN

R STRRARE AR AN AR REEATR T ok P frarary
denmounting the portable data storage cartridges at

the data storage drives, and, nore particularly, to

t he aI%gcation of those data storage drives and the

Vi Y I o of those data storage drives wth
respect to host applicators which conmunicate wth

the library. Background of the Invention 15Aut omat ed

data storage |libraries are increasingly enployed for

st or agelto$ inventipa rejetantol datasttorege ditvenol anyaptonsdtddydathast@age library
that is infrequently accessed by the host

appich ctatdspngabld Hata ctatage carirkiges imdtonagephelvabking trdadparts the portable
storage cartridges which are stored in storage

st weQge Earmidpbsatsetviden PiR dtarbfeshdBtoarsittiy A@esteaps vy &

are cartridges containing a length of nagnetic tape

Oo@Rip ahd Hé!ﬂo@ﬁn%ﬂieipﬁﬁhblg s stofie cartridges NIk Borage drives,
y the library, an accessor robot

data i s accessed . (
%@{ﬁbﬁqmmeuﬁﬂp%%e ARBAoR of Rlosd Bfa LebRES Y ves ahd B2 virRfilization

desired portable data storage cartridg rom-t

SRSk S Bl 8 AR AR i

ﬁ&ﬁ&gge shel ves and data storage drives for nounting
and denounting the portable data 2 storage
cartridges at the data storage drives, and returning

t ar age. shel f . Automated data storage

4P 5 Hreti mes arranged so that, even in the
presence of multiple host applications, the library

and its data storage drives appear to each host
application as irts own_library and drives. In one

exanypl Autogated datarstaragedibrages aregpggrsingheimmlayed der siarage of large
| east. one data storage drive of the library is

deantiges efdlataotypirally dae thahispnireguentbyraccaspedrbydhe aptiapglications. The
for data fromthe host application, the portable data
date issstymed aur partatitpaiateesiorage ¢anwidgesqrhicht drmgfontd timstbmge shelves,
accessed by the accessor robot of the library, and 10
Hedmpley efhottable daka srapt cndddzesl nie\certitipgs caitaning @ 1dngth of

host application for use by-the host application. The
hagictiappl iof ednt4ifing an optias diglnduct a series of mounts

on a known drive. This is very efficient fromthe

st andpoi nt of the host, since its drive is always
avai | abl e,

When the data is accessed by the library, an accessor robot operated by a robot

control of the library, grips the desired portable data storage cartridge from the storage
shelf at which it is stored and transports the portable data storage cartridge between the

storage shelves and data storage drives for mounting and demounting the portable data
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“and the drive addressing is direct and imediate. The

library may al so appear to be directly assigned to

the host application, but the accessor robot is

actually shared. It.- is less 12 efficient fromthe

standpoint of the drive usage in that, if each of the

h 2P AL dt BRSiatsSstiBte BRRS laadidhitnidg tidghoriable data storage

dg%#%agggk%ata storadgg%rive(s), the drives are often

ide., Sin e. qri: iigned to different host
t3fFadd3ftigne!

aggﬁdggm tg‘%%a?&nog dé%f‘?é%ppﬂ E|lg%at| on is able to "borrow

drives from anot her host application, and, for

~exanple, if all of the assigned drives are utilized

and data on a different_ cartridge.s needed, t,he host
DDl | e YORARAGHRHBEE HORRP b o TRER A REeH 5 1AL VP the
applicationitself dempunts one cartri | eases

) ) dge or r
opresate ofsmiliple ee epplisaieRse s UEEAN S CAG i dives appear o

~cartridge. Any "borrow ng" of a drive from another

19

hesh hagp ppplizatidnos itsoundibrasy and drives dp ARG GRAmIDiy 2aPeduissst of
the device drivers for both host ggEILcatLons_

pabrans ihalviey ardex) tdast ong date Stogage kot oPEaEt i ﬁ@dlgajygi tggpch host
or application. Should a host application growin its
NgRUSsatioN SWpdild regsesCin dak fibm thebosgamplictiont thapotidde dpgstorage
application wthout reconfiguring at |east the host
PGk IR theSteikstin@d#ls isvecdssid byalnthce@soreretiottof thedibrary, and
repl aced, the host application nay be unable to

| L%e%g¥£& td 4 P 4GS HTRIYc R RS RNUE hbsD ﬁbpﬁ@ﬁtﬂﬁﬁﬂoﬁhde)byi the host

her drive 1S available. It nay be possible to

L;{?%ké%tfolgfr]{eﬁlé&%%%ﬁ% LR hh Lol 8B8Rs 8F mdRAt 3h a known drive.

ves are honogeneous in all other-
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different characteristics. Lindted drive sharj :
sty e Byhanasb @l T fese sl ooy ‘?’%%H‘@? SR, Tt loss
anongst vari ous_host processors, t..th rtition L
B G0t o R SAOuT o Phe e e Dy € 9k Mol fPogpagons i
drive so as to stay within synchronizatjon, an . .
SobanatpnpAiEs dMCaiTe CHBGIOMEBEIITEY e 5 piden dle. Since the
al l owed. 10 I n anot her exanple, the host . .
alivks aratssigusd tor diffisnt host appbiertions.@e hot appksatienisiably to "borrow
with a data storage drive. Rather, a "virtual" - |

| drive@frymiagothattmbt applieationfuind hioe ppimpjes if el ot ghosasgigrggledrives are
(typically disk drives) to store data received from _
Riiteidl dafidtini a0l BereniCdat tridgenis neduoddhe idseappéicitmnsnayrhageto wait
is atape drive and is witing the data to tape. The

JatifnERYst Qﬁplgcgfi&@ﬁééﬁ?cﬁzﬁﬂuﬂ@ oh&cdrifidid@ relaadee onedrivedn oaler to
"cac%e hit™. 1If not reaccessed, the |ibrary downl oads

t , brar: ;
g AR g o
%g{:ﬁqahgr& \rggﬁl ?&}:ugﬁ%lrg%n‘gE&g%gﬁ fea@Rd dvRE ARers 21 boti hdsh

e mss", the library

[ oy table to find t | Qrd jcation.
Fabica apsepoify e sy s fAP Rl ke apotia
cartridge, finds an avail able tape drive bgggra&;gtéghmﬁ
tSheuld adwsispplisa BB ErH ISP A AT FIEgE o ERe

drive, reads the data fromthe cart{id%e ﬁ%ﬁgﬂP oac%s.I d
tahplicdtiomwithous seshafigyringrat e e hastPBIFRICB ve fail an
library, the usage of the library conponents is
efficient. However, cache storage is expensive and

adds cost and conplexity. The cache storage nust be
sufficiently large to handle | arge data sets and



10 .

20

25

must have good stagi ng and destagin algorithns to
avoi d excessive "cache m ss" 25 situations. The host

~applications communicate with the cache rather than

directly with a 4 drive, andyany host application
can contend for use of shared conponents, leading to

| di ct ahl f | conti

R by Gplsced, the hoiop TBAEy LPUIERE 1o BcorchRom th cxception
k. to- e, at " | east | | - l.east

Soisiont cprplsrbb e Fpdr paeyE Bt eoPReDs FmifiRs

the first aspect of the present inventi %fr; there .i Sl othe
pronfigietion tys ehaggs of seaplinyHbEY V8T 8 PR 2k other
conmuni cati on between host applications and physic%
tajcatssUpgradjeg,dnchaage of sharingek heteessacens daivey (drixgger af least one
library. The library stores a plurality of portable
digtRnBiaraEasia id prohiist withait o nzjps resveligestiamghich will
provi des an accessor robot for transporting the
Rebhaklige drt @ISt AIcAgactedstics. Idnited tietasbenng ey bt mowded by 2
shel ves and the data storage drives. At | east
1Rk M fon! (R SEp AR EIHCE thoﬁ%%t eAitpk Bebt parctRers/ing the partitions
appTlcatlon, providing at |east one Inmage of at | east

Q cgﬁsrt%nllﬂ i3 Bachl PR S Lthe n¥Eofl the 8RR SOQS to stay within

applrca n, providing 5 fixed identifications and

fixed sets of . catibon
SR 4 S RPORET: ol B (o

communi cation between the host application and data
storage drives of a pool of "n" data storage drives ,
of the automated data, storage.library, . ve.
r esourB enghg FraEpie; é‘_e E%{t,l B?F@ atfodlsta’ﬁ?él% Ao dﬁ%eéecgmcamn
providers. At any one tipme, the drive resqurc .
itlow fefa somngs defss Rea oAl HDERY s etapishep by spolgps cache
"n" physical data storage drives to tge drive.inmage

yhorogs (thericallyalisk drives) torptogidataigceytsd) fog boph pRPICRINS GEUNS a3
drives are indicated as freed and avail able for
thewghghereavhe stltage thra tepe drivsand dewiiinghe data iuapp AHe datpmgy be
triggering event requesting a virtual drive for the
fegstssad phile ai theoache edilaky Toachedie. I potrprocessed, theylibiay o
storage drives of the pool to the virtual drive,

ARl Gudlt kHRGiataTeorsl € cacltel stmagdeno agadidseemiphatrs prpsdriieselected
for the requesting host application as one of the

fy t68 HofabH WAk dntdétah requéstedaly thle hose spplication, anfhieischot meache,
I"mage provider characterizes the dedi cated data

S04 Qg&cﬂ% Jn;é.@', e 1ty Eg;?“?fhita{wb i teppiiidad itaingake data,

one of t I Xed vir ives, and directs

C opg{mesr%idg A LQ0 xtoﬁotttg o8 AhE Birg e Hirds 5 8% AEBlc tpk VElvd) perates

WrE" Peques I'ng host application as the virtual drive.

SO SR YE uf SARMS SRR ONhActeaflal 34 O B carvidge

r
P PRFESSOT FRROHP D) er characteri zes the

virtual drive to {he,requesti,n ' o .

qu’P]qagfa@ﬁ data j@ cag e.j?){gjm&?e ’%andﬁgitup ?@%Mﬁ)ﬁ%ﬁ%@g g?‘gle library

reported state that no m%di a is.loaded in tg& drive.
components is efficient. However, cache storage 1s €Xpensive and adds cost an

k complexity. The cache storage must be sufficiently large to handle large data sets and

must have good staging and destaging algorithms to avoid excessive “cache miss"

situations. The host applications communicate with the cache rather than directly with a



According to the second aspect of the present
invention, there is provided a virtualization nethod
for directing comunication between at ‘| east one host
application and physical data storage drives of an
automated data storage library, said library storing
a plurality of portable data stprage cartridges in
storage shelves and transporting said 5a portable
data storage cartrjdges betwe sai torage shel ve .
ond i ARGy Sh AP e GRS i ST By s o tes
steps of: responding to said at |east one host
applrredigtabbrperfegdppdli ng an i nage 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

| ea fithedldvantipn ual data storage drives, and
directing comuni cati on between said at |east one
host application and said physical data storage
drives of said autonated data storage library; .
provi di NBmBodRR@s ¢Ffthe' fresettdh@nfidhysséictd bvdadnge, 6t ANag@o ameliorate,
drives of said automated data storage |library, at any
one af AR sordSTH rOeRY Wt Rebovdl’ of said pool of
physi cal data storage drives, and "n"-"nf -of said
pool of data storage drives indicated as freed and
avai | abl e for assignnent; responding to a triggering
event of said at |east one host application
requesting one of said virtual data storage drives,
dedi cati ng one of said "n"-"m' physical data storage
drives of said pool to said one virtual data storage
drive; characterizing said dedicated physical data
storage drive to said requesting host application as
said one fixed virtual drive, directing comunication
to said dedi cated physical data storage drive by said
requesting host application as said virtual data
storage AédoMghg 188 f#RA5pSEAf thePRAUR SlveRBn A&t is provided a
application requesting a virtual data storage drive

pri Q’irtu%?zaﬁ%% %’ngﬁl%p(ﬂ;eh% c%h%nfé%n%we&ghé@éﬂligaéions and physical

‘physi cal d storage drive, characterizing sa
Y ual . , , . _
& it 1Bk B BE B0 Rl ARV SBRRG ploatc o

third t of the.present inventio t.here is

pr oGP St e By S S £ G SRt robet for

r eadabl e nedi um able with a.progra ble co ter

sai (ARBAHTE pa?%%»%m Sé%%f&é‘f““%&%gﬁﬁ@ee& %%ﬁ%ves and the data

readabl e program code enbodi ed therein for directing
vi r 89EISE d8¥Scommuni cati on between at | east one host
application and physical data storage drives of an
automated data storage library, said library storing
a plurality of portable data storage cartridges in

st or age At3tmst sleetivesnaga grovidams powpted ngths bostiappbicdtmb) peoviding at
data storage cartridges between said storage-shel ves
and i@#iode phuge bEalleattaina vBiuar Aagetotige s toStai bstalpplicalsd, providing
one host application coupled to said automated data
storage |ibrary, conprising: conputer readable
program code whi ch causes a conputer processor to
respond to said at |east one host application,
providing an inmage of at |east one fixed virtua
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 drives, directing conmunication
between said at | east one host application and

physi cal data storage drives of said automated data
storage library; conputer readabl e program code which
causes a conputer processor to identify a pool of "n"
sai d physical data storage drives of said automated



sai d dedi cated physical data storage drive to said
requesting host application as one of said flxed

virtual data storage drives, and directing

communi cati on between said dedlcated dat a storage

dri've and sai d requesting host application as said

.~ virtual data storage drive; and; upon said requesting

host application requesting a virtual data storage
:j?lgig I lgtgfgptgt?o&l% Eﬁ@f;}fe&l ési:ts 8{6{‘1%%%}{ ! g{r% 6{geehoat apelr:catlon foaeach of the

drlve i mage provider characterizing said virtua

st ordli! iy 80q SrSHRGC PRSIy HGS fhe app |ap%ﬁtf°3ﬁﬂ§§atﬂ storage
"not ready According to the sixth aspect of

t he dpwstﬁ aoelief deigryiorags grigesiod the prfomafedidata storage library.

- virtualization nethod for directing connunlcatlon

bet ween at | east: one host application and physica

data storage drives of an automated data storage

| i brary,A datededoutye grayidst scpupipddo fiie dried ineage ppviges-t'd lphyone

data storage cartridges in storage shel ves and

t r anisotht drige s@ude povidebha askinad styoualyer "od of the gg@ of "n" physical
bet ween sai d storage shelves and sai d physical data

St ordag etopk U Ees tCMERFivSinfage proeidst,apd "Of' m" pf tw pebil pfidaad storage
| east one drive image table conprising a list of

Vi I tgpds 8 @icStDL:T80d id MaifabRI OMsdbignd The BR@aediirca provider
fixed plurality of said virtual data storage drives,

and ’res];)&{ds GRS RIng eVdnk tdRdstifled Artddl QFAABr HE h¥€ appHcation,
fixed identification; responding to said at | east one-

hosty, @&R*ng GAL d£iL mPRQVY ek agmgé dhRASHORSI ﬂo%ﬂ&fl drive,

sai xed virtual data storage drives to sa

| eagt ;o) e el PR B AL B TS AR X t%% hoEt%P?g%atlon as

correspo rrve

fixed i at.ion.a i.xed set of responses to

saiém%?ﬂﬁ%éﬁylﬁﬁ%ﬂ%SQ?R%%SVW%at|on for each of said

fixed virtual data storage drives; and directing

communi cation between said at |east one host

appl i cation and said ural it siC

st or age Hidisggee g%ﬂVHJe etz ﬂazs‘ﬁéwﬁ %&mge drive to the

l'ibrary; providing a pool of "n" sald physi cal data

st orefyestias hosbaprbrationag ong il iedired) vigupl 4riggsppnd glgects Communication

library, at any one tine, assigning any nunber "nf

s al & tho dediested data storags idest bycthe raurstieyel wplicrien aSéli*?onﬂual drive.
"m' of said pool of physical data storage drives

' indicated as freed and avail abl e for assignnent,

responding to a triggering event of said at |east one

host apptrice &t thodriveggwest prgidenddohtingai ddlve/, |tlnet drivk imgape @rovider

storage drives, dedicating one of said "n"-"ni"

phy sh&@terad the SittoslAgee rthaequesfingdditdpplationts "sardd@nas an

virtual data storage drive, identifying said

dedicgatgd "RRYSEFelonpRita@ aTErREBARat6 M@ thddisSididdddrih R drive.

image tabl e as said one virtual data storage drive;

“responding to said dedication and identification of

sai d physical data storage drive in said drive imge

tabl e, C%&aﬁ%ﬁg D808 2ellr A e g@g&@mnmh Gidre At Rided 2

storage drive uesting host application as

one r{uaTSza{lon S ol I{hrrft;c 1n% ql%%&l &Ll %Q\geeg ia{(: lé%’?%ne host application

di rec conmmunt ca vveen sal

phy stora e dri.ve and s equestin

b oy et it el 90y L AT A AR FPpE iy storing
upon sai d requesting host apﬁllcatlon requesélng
vi r eRiralipaplpottls dufesteiaps Lt i TYaseANe Y Hent EAPPOHRE said
step dedi cating said physical data storage drive,
characterizing said virtual data storage drive to

sai d requesting host. application as "not ready".
According to a seventh aspect of the present

i nvention, there is provided an automated data

storage library, coupled to at |east one host



- moudfi'ng an

5 request by the requesting host application for a
virtual data storage drive of the drive inage

provi der. The "Reserve" request is received by the

- drive image provider, notifying the drive resource
provider as a request for a drive of the pool. The
drive resource provider additiapally indicates for

the library that the dedicated data storage drive is
dedi o.the r ' host L ' .

%ﬁsb%d da zi/ st%%%etcg%ﬁ%%gé%tggeé{lgi?l astéJe 8ﬁe§§% %I?d;’]saglgﬁlyswal data
ntified

lected for the data st dri. i bv.. .
e SFFERAP T CHOFF TR SoLa CRB I O Ry e g Apbeation

PRSI R R T R
application for a virtual data storage drive. The

dr i véenhibesgon e afixed s of @anongea dn 1aidor krstyng best apptigadion fyr each of
the library that the dedicated data storage drive is
dediseid eeldast enctihxed vidga alstaistapah dyves sgog Kiressing epmfigrication between
mounti ng any portable data storage cartridge sel ected

f or shitiet ldat enedibstrapgj@aidon and s@d phydenlt dafal seglage yirivdsef bdikadomated
identification as the-virtual drive. 20The drive-

I €S Auth GRragt GbbEe protidBRARAs!] df On'"asaldghydi@Uedti AGagV@REs of said
relating to the host application and designating a

dat 3ueheleddfa Sbia¥eLag] £ alpshetihd N6icMaL hiydB@ILLTE P S4id pool of
application, indicating the data storage drive is

fr e?stﬁcrapﬁtJ RGa gl drNEs, LTPYE R QY. é.égl%'ool A QS Hﬁ\eels indicated as

drive'to the freed data storage drives of the pool.

L S e

dempunt 25 the one. of t orta ata stor . .
Car PPagCd ot qus A CaR SR S et ratng one of sid
identjfied as one of the virtual data storage drives. .

| n S lsionl fE sigrage veg g KReolp svid B’éer“ﬁ'?"’i@?tﬁl ggragdrive;
indication for the library identifying the dedicated

dat shaecsriztne st dedicaged physdcal flata sfanpeciinivg do sid ragrestinethre
portabl e data storage cartridge is nounted. In
anotpdicatémas sidrenst fixed mistualedrive.glesting goramamtation frptaidglsdicated

a conmand by the detriggering host 5application to

r el phpeat due stiedlieclatve tly shid @qstsingget agplioaton asgeidtvirfuplatdta storage

"~ as one of the virtual data storage drive. In a

st i kitivd; aiid Wpah sedbqdéstiBnhost dppiicaaien rdqageand agirteal etk storage drive
conpri ses non-use of the dedicated data storage drive

g ?r tpﬁmﬁ[) eAe i &dAtiHedep deiRatislsaildPhisRAI datdPBdta @PRiIvE, FhhrdRerizing
e : .

said virtual data storage drive to said requesting host application as "not ready".

According to the third aspect of the present invention, there is provided a
computer program product of a cornputér readable medium usable with a
programmable computer, said éomputer program product having computer readable
program code embodied fherein f01; directing virtualized commﬁnica;tion 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 cartridges in storage



to predeterm ned tinme-out period, the drive resource

provi der determ nes whether one of the portable data
storage cartridges renmains nounted at the dedicated

data storage drive, and notifies the library to

denmount the nounted portable data storage cartri dge.

I n anot her enbodi ment, the |ibragy conprises a

plurality of virtual libraries, and 15at |east one of

t he sRelal*lv'Jgsaalnlclt Spfort}r%esa%ﬁl %&ﬂ%ﬁle,, Azbsﬁoqagleeém}i?%eg%gtl\nggne gai(ffl storage- .

hi gher pr|0r|

t hat h dt t _
el (N B Rt T

drive of the higher priority-virtual Iibrary, the 4
dri o spdapgmatsd daigifoger IiesY.| SRR sogntte Bidblggrogram code
drive froma lower priority virtual library, notifies

t he VMqhRIUFRHEOMPHIST PEREPSSET Lo TRPORbHI fatscditipashone host application,
notifies the library to denmount any 20 portable dat a

st opagddingpant madgef ftrleast erivelixge airfualchivedpraddiag 8 tiordgentification
drive, and dedi cates the deall ocated data storage

dri wed & Gixédet ofiredptiades Orshidat lefist birehdsi applivatipr fooedch pf said at least
virtual library. Addi tional ly, data storage

dri wasfiralyifel addasasdeives, diectins c@xahingedbdtRednREd at least one
pool of data storage drives of the drive resource

Pr 0%bd@hplickitn dnfl ?hﬁ;‘fda}/@atd SRR PWEVIFABH automated data storage library;
25character|zes he virtual drives as unchanged. 8

In
QQﬁP&Q}Q&HaB‘iE ?Lﬂgra}’r{b @o&l? ﬁﬁ\?ﬁécﬁlcﬁlgsggéj %&%\y% g%'cgz%r to identify a pool

conmmuni cates w r errp oyl ng

a dr| of V§ sg[ga lzglgséeﬂ k?iat% sla)? Qigiv% (lfI sgltﬂ agifomtagg dXI!a gloﬁ%l? llg]%})@ at any

storae S conp

t he data stora e dr|v pf"t t,ed 5as t
vi r LR YEETE I&Fnebﬁ&s?&r ?fgsef L??P%&YH%&? P RS s, and
FIG, 1 is a diagrammtic representation
vi r t Balm 2efiid ﬁog% plfticr RS astives WWW g’e’ﬁir wd gppilable for
enbodi ment ; FIG 2 is an isonetric view of an
aut e¥fEEWDI spEPWeTorRigRle| resrap odh el AHYeS HfATaulE processor to
enbodi ments of the present invention; 15FIG 3 is a )
bl ocdspetiddg r amgeefing drentand sodrat lewst @athast@pmimatgm requigstimg pne of said
of FIG 2,

virtual data storage drives, dedicating one of said "n"-"m" physical data storage drives

of said pool 1o said one virtual data storage drive; computer readable program code
whiéh causes a computer processor to characterize said dedicated physical data storage
drive to said requesting host application as said one fixed virtual drive, directing
comrﬁunioation to said dedicated physical data storage drive by said requesting host
application as said virtual data storage drive; and computer readable program code
which causes a computer processor, upon said requesting host application requesting a
virtual data storage drive prior to said dedication of said physical data storage drive, to
characterize said virtual data storage drive to said requesting host application as "not

ready”.



together with host applications and conponents

i nternmedi ate the host applications and the automated .
data storage library which may inplenent enbodi nents
of the present invention; 20FIGS. 4A and 4B are
respectively top and end views of an exenplary
portabl e data storage cartridgg which nmay be stored
in the storage shel ves of the automated data storage

l'ib J
0 o 08 Bt e YA
' or d
: enb afl %fl ﬁata gtoralge I r&&?{g\u&ég F a\{mleag heog flcatlon comprising: a

Ialclcg?ft nation iol%fll 3%@?%%@ | ar é)ﬁ:i%ére'cﬁtgﬁﬁmmge sﬂe]ves for stormg a
FIG 7 is a diagrammtic |I ustration of an exenplary

| i biPhrality plegeable dap doiage CRElHBEEAIRECSHIOr FPbPHar frnsrastis said
enbodi nment ; * FIG 8 is a flow chart depictin

an. entiebd detatorege catiedgyebdtwernahid steeagp phedven and saidahy jiesndata
for configuring or altering the configuration of the .

dr i vesgefiritdas rmbetented dor dptratingtsaid agesdor twbatr 3t lakt dbk @ye image
2 and 3; 10 FIG 9 is a flow chart depicting

an ervvadi coapled af saidue leae bhokbstdpplibigion rpas;&mg dnrimegd df@anleast one
for the drive inmge prOV|der of FIG 1,

 Fl GaxedlQrifal aftdl stbBBe afiv, frolildPWaehad fdedBRhtidnian@a &Red set of
enbodi ment of the 15method of- the present invention

for résptﬁ'lsgsr tb ¥fd 5@%%&@103%9%10%{1 i eaEﬂ G saill af Rhst one fixed virtual
triggering events; 11 is a flow chart

.dep'd&% Bf8 @n&g%si dag}a%ctﬁg csmmﬁ%agﬁetgéeééag | %?S\T&thost

i nvention or the source provider o

for _20detri | gl 12B

and® @63 tion @9?}%};}’ g racgé: Fc)ilrlg Iort]“ 6 pool oaI 1" SAIC é}h sical dz"tlta sgtorage
enbqdi nent. of. t he rese |nv tion f t he drlve

r esSUFEEP STy GEFOBe REpEdler foup, Gty 68&%@?@%@&"5 Mg progider, at any

drives. 25- . o
one time, said drive resource provider assigning any number "m"”

of said pool of physical
data storage drives to sald virtual data storage dnves and "n"-"m" of said pool of
physical data storage drives indicated as freed and available for assignment; said dﬁve
resource provider responding to a triggering event of said at least one host application
requestmg one of said vn‘tual data storage drives, dedicating one of said "n"-"m" 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 drive; said
drive image provider characterizing said dedicated physical data storage drive to said
requesting host application as said one fixed Viftﬁal drive, said drive image provider
directing communication to said dedicated physical data storage drive by said requesting
host application as said viftual data storage cirive; and upon said réquesting host
application is requesting a virtual data storage drive prior to said drive resource provider
dedicating said physical data storage drive, said drive image provider characterizing said

virtual data storage drive 10 said requesting host application as "not ready".



Det ai | ed Description of the Invention " This
invention is described in preferred enbodi nents in
the followi ng description with reference to the
Figures, in which |ike nunbers 30represent the sane
or simlar elements. Wiile this invention is

- described in ternms of the best sgpode for achieving
this invention's objectives, it will be appreciated

by thos €A cl% dAm%e‘lt% \}lﬁenfﬁh %p%ﬁéf g%&?&se tﬁﬁ\}eﬂﬁénoﬁé er]%%rogﬂed a

acconplls Iew o eachings wt

d ev lrhlapg]tltﬁré ?yg},e ﬁbgfe(g{u;}&t c(%{mu%?cg b%&we%lggt &?aﬁtg% thgﬁ? I?a]q,;)ipliceﬂ:i(m
V|rtual zatjion system 10 is illustrated ch directs
comftifh P‘e:yat%htaﬁ&tr%@@ﬁ"ﬁ% £ APt %d;f[afﬂo%age Jhpy- 540 gy soring
applications 11, 12, and data storage drives 15 of an

aut critralily gbRostable data gleraes eartaiges ivstorgseshelvesand {ranspeytiag said

a plurality of portable data 40storage cartridges 14

i N Yovrdgdatsitehgenartidees hetwprmeeid gozage sheliee aslsseld phiiiksl data

18, 20 for transporting the portable data storage ‘
car tstoralg dsvdspdonpeining heirst osage: shador e valing at least ded drive image
storage drives. 10 ' At | east one drive image

pr ovtihikedompPising a Gistd b elalldataGdeage drived heoviddRtan image of a fixed
applications 11, 12, and provides an i mage of at

| eashurA@ of dadiGkAl 813\ RbrafddrRes bY, &G adiIshiMl @irfudl @&Ckorage drive, a
host application, while actually directing

SC O d@ﬁtﬂc%mb tha\‘}‘? Gk Lruﬁke szh@ %Vqu&{lﬂcg Vil a@ﬁgn number

storage drives of a pool dat a s?%rage dri ves

15 Gf; %E@uy?llé%l%nats%gargga{ S%}‘Q &ng d " {1%%%1c%ilﬁgtaq{o¥%égﬁrlves of

15 o rar us S ared b he ho

appI| ations The drive im e,nrqy .

PP s AioRaRa o Sl Mg B w RLRoh S piT B St Sy?f  drives
fixed |dent|f|cat|ons and fi xed 10sets of res es

to tpficafeds 8?5’;5’1“9 &‘éﬂllﬁ"blﬁ? GFSIBHERS S ETFPYEU PV‘ er resl’ondmg
drives, such that the host aﬁ plication is PrOVIded

wi t O ¢ igsemseusnd AR wid 36 dastane hest anpligtin ssauesting gne @hpaid virtual
drives are dedicated to the host all of the tine. )
Fur tdnlestoragh drivesdédicytinggnp issidcal-"rt phyeisal daly stgeage drives of sard
different at various accesses, and drives may be

addedol td edidoredrintral d@apﬁaawnval iflenfifyitpomatd d@(ﬁpaeqiphmlcﬁg data storage
reconfiguration of the host application device

dr i \d€ife in said drive image table as said one virtual data storage drive; and at Ieast one drive

image provider cg}}pled to said at least one host application and coupled to said drive
resource provider, providing at least one image of said fixed virtual data storage drives to
said at least one host application, said image derived from a corresponding said drive
image table, said drive image provider providing said fixed identification and fixed set of
responses to said at least one host ‘applicatioh for each of said fixed plurality of virtual
drives; and directing communication between said at least one host applicatiqn and said
physical data storage drives of said pool of physical data storage drives of said automated
data storage library; said drive image provider responding to said‘ dedication and

identification of said physical data storage drive in said drive image table, characterizing



A drive resource provider 35 is coupled to the drive

i mge providers 30. At any one tine, the drive

resource provider has assigned any nunber am of the

pool of "n" data storage drives to the drive inage

provi ders, 20and "n" - ant of the pool of data

storage drives are indicated as,.freed and avail abl e

for assignnent. The drive resource provider 35

r espo . [.] LNg _eve 51 ' f ar

t ho Rarieabni? 451 LBALEAEN o LEMNTRLL IR B on e of
one of the an" - amdata storgge drives of .the pool .

oo ehe RPN de APRaESper ol ARG Rt TRt TR i

the drive image provider for the requesting host .

app S e ng kBT SRR G Y GRR IR g il data
drive i mage provider 30 characterizes the dedi cated

dat &tosage feye amhenop yaid feguestias hestinpliating reqersting a virtual data storage
application as one of the fixed virtual drives, and

di r doveprow et ik roourcoproniderdledicating sald plasisalskestogge drive, said
drive 15 by the requesting host application 11, 12 as

t he dvive insgé peviderechalkBeterining @iddddhiat deta sioragd drive phopgi requiesting host
drive as a virtual drive, the 35 drive inmage '
pr ovpsiREticHQis clak@dager i zes the virtual drive to the
requesting host application as *not ready". As an

exanpl e, "not ready" conprises a fake conpletion

response of a reported state that no nedia is | oaded

in the drive. 40l n accordance with the present

invention, the drive resource provider 35, upon

recei vi ndecardingdo éwtsixtiorspert gbtha pteat aymtign. itheee iwpeoridgd ¢

of the data storage drives of the pool are all ocated,

i ndivoanksitibromethed fot directing communication between at least one host application

" and physical data storage drives of an automated daté storége library, said library storing
a plurality of portable data storage cartridges in storage shelves and transporting said
portable data storage cartridges betweén said storage shélyes and said physical data
storage drives, comprising thé steps of: providing at least one drive image table

' .comprising a list of virtual data storage drives providing an image of a fixed plui‘ality :of
said Vinﬁa] data storage drives, and, for each said virtual data storage rdrive, a fixed
identification; responding to said at least cl)ne_.host application, providing at least one
image of said fixed virtual data storage drives to said at least one host application, said
image derived from a corresponding said drive image table, providing said fixed
identification and fixed set of responses to said at least one host application for each of

- said ﬁxed virtual data storage drives; and directing communication betwéen said at least
one host application and said plurality of physical data storage drives of said automated
data storage library; providing a pool of "n" said physical data storage drives of said

automated data storage library, at any one time, assigning any number "m" of said pool of



library to hold any nount of a portable data storage
cartridge relative to the request. Additionally, upon
receiving the request when all of the drives are

al l ocated, an indication may be made that the
requested drive is available for nounting a portable
data storage cartridge, but isspcurrently unavail able
to conduct any subsequent conmand requiring a nounted

por tp‘fﬁg al gﬁ!l %T% %—ﬁ@? aff @ r'%d %f ?1 cir&%fof \}\%thpﬁ aagﬁ storage drives

appl |on § *assur éd ave

dat a ve can.retr i ] .
comifif Ger{ Aot fge GRS AR rPhen R §E (iRl et of said a
does not QU|re that the drive he re -or tgat L.
por tieast el APRUiCEoR JeIueeg PR 9f &@!ﬁ "Blé‘a wape dRyes, dedicating
ready, the library may be able to handl e the comrand.

The 98¢ Plagid asonr Elé’swldlaﬁaa@rags grives ghwdpachio spig one virtual data

- providing the indications, awaits a request for
dealstosagatdiion idshtifiind aaid dgﬁ@t@é@éysinal data gerezeldbite iogidtdrige image
any portable data storage cartridge at the

dealtitldcastserl odatisus tdotn agege diiveerespmding bd eaclatedsationend
deal | ocated data storage drive to the request for a

dr i Mgentif@ion 8akighScal Gatd fierakd ditvalinysaiddrive 888 @abld) eharacterizing
hol d of the nmount relative to the request. 20l n one

exanpli GediQRRl Y sidP S &tb@g@meItmeme@tmgmegtapﬁl%ams one of
al so be provided for virtual libraries, and w

COMMEH §’1§e@v1ﬁ§z¥l 49h 5o Eﬁjnreg L&lﬁ‘ectﬁil% 'c&ﬁﬁuﬁ%oﬂ b&@rteenosgldtcﬂaﬁcated

storage shelves 16, wnhich are defined by a library

(oL LM A8 ot an e RIS b Bl o iy gt

appICGHERBI i ors SR R FaLerglsgiet fioinsstgpual da siorage
h | B / 6000 ;IBM. \ S
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host processor, or may conprise one of nmultiple

applcharagieriging spid Wimuakfabstarags dNue to spidseqeige hostprplicatiop gs "ot

host applications 30are depicted as each conprising a
pr oc&d¥i.ng system having a processor 36

According to a seventh aspect of the present invention, there is provided an
automated data storage library, coupled to at least one host application, comprising: a
plurality of physical data 'séorag'e'drives; a plurality of étorage she]ves for storing a
plurali-ty of portable data storage cartridges; an accessor robot for transporting said
portable data storage cartridges between said storage shelves and said physical data
storage drives; a robot control for operating said accessor robot; a drive resource provider
providing at least one drive image table comprising a list of virtual data storage drives
providing an image of a fixed rplurality of said virtual data storage drives, and, for each
said virtual data storage drive, a fixed identification; at any one time, said drive resource

" "

provider assigning any number "m" of physical data storage drives of a pool of "n" said



and storage 38. The automat ed data storage
library 17, as an exanple, conprises an automated
tape cartridge storage and retrieval |ibrary for
storing and 35accessi ng data storage nedia conprising
physi cal vol unes of nmagnetic tape cartridges, such as
an 1 BM 3584. Alternatively, the aﬂgonated dat a
storage library 17 may conprise an opt|cal st or age

an d ﬂi1§§1£al ﬁé{ﬂt%n!agpﬁ oY B8 P L AREs cﬁio%?&t(ﬁ as (1%&@ 3y¥es 1ndlcated as

eac héreln as stor
t d
2n8/r%|%§ AT s B g SF e p&%éf’eeeaeﬁwd%% o
Th furth
D o S o atgp §e¥sa?r?eﬁ@st?aﬁ@?c°€¥gs§%?mgm?f"sfg virtual data

20, and a |ibrary manager The accessor robot 18,

20 chgeidgess. dedisatingae of aazd 2’6" oPhsicaklgiartprage deves of i pool to
portable data storage cartridge 14, and an accessor

18 fsair onpvirtng datastogagk gpes: idgetifvos pich deghicated gbysihkdata sigage drive
and a drive 15, or between storage shelves. The

accas sxid dnhveboagelidhle 20onersid af wouat datp stosige driviepandabldest one drive
scanner 22, or simlar vision system nounted on the

549 Fulnmbq:ﬁ‘oﬁ&r chuplédrie sdld atilehettink hyst Bgplieatioh ahdlgapledhakhid. drive
The data storage drives 15 can be optical disk drives

or Fagiet hiovidaD prodiding@slead Bnd iRRedeshidlFixed drka dsh %ﬁg@dnves to
cartridges can conprise cartridges or cassettes

contygiy B 189 ORIHoCApp RatiRINE fnhdze ﬁa@vea froﬁl%sceﬁssrpbmgysmd drive
or any other renovabl e storage. The rob

¢ ontu%lg%ltﬁfle Yha ge l!rﬂa S o¥1d%?ﬂ§%§ﬁgas%9i fixfefl mgﬂlﬁcgta(ﬂwtand fixed set of

| east ‘one éonp ocess ssoci at ed ‘st or

and are coupl to an | utlout t rface. 42

ter AR iR R oA SR RRGATRGy PlaTBfgfirua
exanpl e, .1 BM 1(8/6000. pr.ocessor Altern tive Y

r ob8tVps PHmeSPIpSHIPN bEEeat sPIdRL g ape hest ﬁ’&b igp ppd said
conpri se a conputer processor, and the conputer

pr o PBYigH dnyieags Arve e ofiaid deel et pwceirf@taé%wmdaves said drive image

l'i brary manager 40 conpri ses qputer processor 45

and Peyslseicspoading ﬁ%ﬂiﬂ&b@dwlon?hé ldle eiifteptim of 38d plgpical data storage
conprise a station for reading a data storage medi um

s uc drimsingaif Idlj}z)epiynagi: ghlcotha@GBefRg satDdedicated physical data storage drive

to said requesting host application as one of said fixed data storage virtual data storage
drives, and directing communication between said dedicated physical data storage drive
and said requesting host application as said virtual data storage drive; and upon said
requesting host application requesting a virtual ‘_data storage drive prior to said drive
resource provider dedicaﬁng said physical data storage drive, said drive image providef
characterizing said virtual data storage drive to said requesting host application as "not

ready”.

In one embodiment, the triggering event comprises a request by the requesting
host application to mount a selected one of the portable data storage cartridges at a virtual

' data storage drive. The drive resource provider indicates to the-library which one of the
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The Iibrary manager 40 is coupled with, and controls
the | oad/unl oad and rel ated actions of, the drives
15, and the library nanager 40 is coupled with, and
coordi nates the operation of fhe robot .controller 41.
The library manager is coupled through the interface
42 to the host 25applications 11, 12. The library .
rtahimé dat2 sotage daves job g ppolia thegisive dedicateiite thhosharplication for
stored in storage 46 (typically one or nore hard di sk
diiduneifg the sélbastpdaaRROMa sfavagetcalitidésse. and prograns. Data
access commands and information to be recorded on, or
to be read from selected portable data storage
cartridges 14 are transmtted between the drives 15

and t hgghesiter38e0 BhbsBink heas Bihgeteaticdnyprishea tRadsarve”
i mge provider 30. The library manager 40 defi nes

Rl B A SR PRI (A kot MO0 b
aunb . ., t. i i r i £S5 0
PRy 0 AR @ hequRLEIPRYLYS) e atifle BiPBroldch Brifying

. plications "11,
SRt TR RS AR S Pl

aut omat ed dat a. st orage tihrary. i as An’ .
SrouiET sAHionaly Totedion i e EPras s e dedieaed iy SpPg drve i
adapter 50. 40l n one exanple, the host bus adapter 50
dedipatedste she raquestingciost appligatignSay MpHnLRS @%anﬁlﬁgg%&%@ge

wi th the appropriate connections to couple to the 13
cartrider yelented for bt et storaesdaive putdenttishbs fesixed idgngfipgdion as the
the host applications 11, 12, such as PCl, ESCON,

FrfaNIriveCSl , FI BER CHANNEL, etc. The adapter

conprises a processor 54 and non-vol atile nenory 55,
and suitable buffers and interconnections. An exanple

-of a host bus adapter 50 conprises an 51 BM eServer

pSer i ess Shgak ditefiativecrialiment, thd ajggenng evesttcomprises a command
application 12 is shown with an interface 53 which

BRiheGa HRE ins RotRpAiARsEfor aAtralah &4ta exApPdveo Thadrve resource
i nt ernedi ate conponent. conpri ses a gateway or router

gx%vﬁ@f’ 1A RalR) HERAES for e 1ibRdre a2 ERUedidat¥d &da étBRge drive is
-ap

propriate
dedicated to the requesting host application for mounting any portable data storage

‘cartridge selected for the data storage drive as identified by the fixed identification as the

- virtual drive..

The drive resource provider responds to a detriggering event relating to the host

application and designating a data storage drive dedicated to the detriggéring host

. application, indicating the data storage drive is freed from the drive image provider, and

adds the drive to the freed data storage drives of the pool. In one embodiment, the
detriggering event comprises a command by the detriggering host application to demount

the one of the portable data storage cartridges from the dedicated data storage drive,
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—}Oconnections to interconnecting a nunber of
processors in a network, such as di scussed above. The
gateway or router conpri'ses a processor 58 with a
non-vol atile nmenory 59 for stqgring the operating
system etc. An exanple of a gatemay or router is the
| BM 2108 SAN Dat a temay. Q her suitable e&ginolgg¥
ridFnified i HENH B S Brot b i Sy e 1o

-"controller", 15"director" O "inte[l“gent_smﬁ "

. . tch .
amavitérgsevidss ag kidigation foritks ey Adaptibme B deficstedelata storage drive

. applications. The processors 54, 58 nay conprise

reis tlieoyirtoad dsisoatsyhishithh perabithédats sierage daggdge is gnounted. In ppother
accordance with the present invention, the drive

| GRR@Ginkng \thedRtiSg 3 fin@ebhDeonifrBesdr dowenand Sy dhreodetgsen et

35 may be enbedded in any of a host application 11,
Lgpli@foh M RleiRGhal@licaaaneirageQiviGdentified fone of the virtual data
au?onated data storage library 17. As one exanpl e,
%ﬁﬁagﬁﬁﬁg_inage providers 30 are 25each incorporated

into a device driver of the associ ated host

. application 11, 12, and the drive resource provider
. is incorporated into a conponent 56 internedi ate the

host licati . ~ .
nost. SBPL LSRR U FUASTE, LSk o

; t led tp - f the. h .
CRIBRF B SN 59 R AR BAERl Gh AOFelon o

oS B g SAoRe S5 S P Bl Bl of e

~application(s) 11, 12 and the aytomated data storage.
Ipprinbie gata Ftoragp garfriigeyempis PE%IBY?H g &W%%rfa‘oﬂssmmge%%"e’ and

'~ conprises a conponent 56 internmediate the host bus

© adafitsshe Boranyrto dompury e monmnted nortahly daty stoyege garfrisigbher

exanpl e, drive inmage providers 30 35conprise device

‘drivers of the associated host applications 11, 12,
~and the drive resource provider 35 conprises a
conponkrdnotifr ¢thbodimemntht Ebiradatompsisereadirality 9f yirjpaljlibraries, and

such as the |ibrary manager 40. A still further

axRagpbae clhpplustey tithe drtusidibrarieg & aptigned ddighs) pr3gita dhus, upon
i ncorporated in-a conponent 50, 56 internmediate the
hgstrnagphiigaidr e inantg e ak of herdate storkge drivd steodedated, and upon

‘library, and the drive resource provider 35 conprises

? }ﬁggsﬁﬁg eVt for Qfvirhe davd oM igghdd aiicrits Viztvapkbrhrybthadsive
resource provider deallocates a data storage drive from a lower priority virtual library,
notifies the drive image provider of the deallocation, notifies the Library to demount any

portable data Storage cartridge from the deallocated data storage drive, and dedicates the

deallocated data storage drive to the virtual drive of the higher priority virtual library.

Additionally, data storage drives may be édded, deleted, or exchanged in the
pool of data storage drives of the drive resource provider, but the drive image provider

characterizes the virtual drives as unchanged.
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14 TheI'i brary image provider(s) 43 and the
library resource provider 39 are preferably both

i ncorporated into the automated data storage |ibrary
17. 5 Each of the procegssors 36 of the host
applications 11, 12, processors 54, 58 of the

i ntermedi ate conponents 50, 56, and processor 45 of
the library manager 40 of the library, nmay be

-provided with -an operating system and application - .
© pr ogr art OnaFEbHERt i i Er B RIS SPIIYBisatea it e drive

in accordance with the present ‘invention. Each

przge sewidenemploping p duvelismepitable kpvingtadishgbthe virtual data storage
respectively, 38, 55, 59, 46, which includes storage
(dryrph cahprisingdhe ingdgat dntd endieating Yhealatagateager drives ef thapebl dedicated
di sk drives) for tables and progranms. The application
pasaly difteal @HyesCONMpPri se one or nore conputer program
products, conprising conputer readabl e program code.

15The conputer program product of the present

i nvention may be supplied with an application program

bRl on af&le@r%ﬁgé ded storage, nmay be supplied
wth a diskette or at termnal 28, and

conprises an article of manufacture, may be received
fromone of the host systens 11, 12, may be received
fromt Bﬁ%rﬁ%‘a{%:mﬁﬁatﬂq br s%n{aﬁﬁl%f"ateﬂnl?&iiz‘aﬁ&g;ysé{n% h@ordance
neans. e requirenen or e storage nedra or
nenories is thaj. they store digital representations '
&?ﬂ@%ﬁﬁﬁﬁafmsgﬁﬁﬂ9§b|e i nstructions. The conputer
readabl e program code operates the devices through ..
their conputer processor or processors. 25In FIGS.

4.8. and 413, an exanple of a portabl e data, storage

cart ri Bt 2193y sompirg yterogfen auipgmatsd dafastoragedibpyrg which may
QonP[ises a _magnetic tape cartridge. The cartridge 14
ArBlemant cabatiepts Ry theselenigBvedHoRn out er edge 61.

FIG. 315 a block diagram of the automated data storage library of FIG. 2,
together with host applications and components intermediate the host applications and the
automated data storage library which may implement embodiments of the present

invention;

FIGS. 4A and 4B are respectively top and end views of an exemplary portable

 data storage cartridge which may be stored in the storage shelves of the automated data

storage library of FIGS. 2 and 3;

FIGS. 5A and 5B are diagrammatic illustrations of exemplary dove image tables

in accordance with the present embodiment;
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30FIGS. 5A and 58 illustrate exanples of drive inmage

tables 70, 71 that are generated and nai ntai ned by

the drive resource provider 35 and which are .provi ded "

to the drive image providerg 30 of FIG 1, in which

the drive resource provider maps the all ocated and

dedi cated drives of the pool of data storage drives

to the virtual drives of each host 35application. The

dr Fie Frigge diaprarsapiy ibesteaidopyPit Ak SYPTRIATY fabee table in
accqrdavdedelts pey poekemal dmpodiin@nr{ he drive resource

provi der and updated for exanple, each half second,

Or pRACH f LVELIRAS Y 0y el JIBY ACGEReddlGry 1inrary inage

as§0¢i Atéd> dP Ve | nage tabl e as. nee drive
tab%en’a‘gé‘cﬁ‘?%?‘ife?”‘b‘bége %Fs%eﬁ‘“‘i"B’*’?eé‘Fresh the tabl e

each tinme, but rather may | ook for any changes. 40The

drixe & MBoe #13h| @ak O Hepd@Sn@ ani &ibodtneat dfhehasimethodl of the
presght %%Jt*l@ﬁ fhe &&tatﬁlhgf%qeaﬂ 9¥ﬂgd§lr1e Icént gufaﬁ:@@ﬁ torafit

provid onses terms,
Ch“""tﬁ’ﬁec"? F}é‘t a‘? ?dc?é‘ﬁ?)rsltgleagﬁ ?’rb%%‘a*’ é’(leokt ess %tch’as a
15 tape drive LUN identifier for each of the virtual
drineess iEhe fdew waaktrEge: Qrioy iateenbpiinentes sie matdgd ¢fothe
pres@npqgitrerﬁ@ml |62t {1RNa0f e ONR O IR R Ve F@l 1¢lat a
storage drives in fixed terns, and those drives are
identified by neans of the I|st 75. The fixed |ist |:§1
suffisSentont Bt BYB are &R rhesk POriching iy embodiment of the
methoharfachiee pretent sirobntgaohfor theidkigr Fewuyé: goovifer ofhge. 1

for q;igégr{rgsgwnge provi der may provide fixed
identifications and fixed sets of responses to the

host apllcatlonfor ach of the tu ri.ve
o Tt & TG bR SR GPrg Pt bl R ox che

presgnii doeenséet gbr rﬁh?be?l"ﬁo‘fest’h@%??ct"aé?r af i%/é: 1A§°’é

detrfgdriey cexampl ana t he characterizati on may conpri se
the sanme address 10for the virtual drive. As an

GE' qnal ey ¢:c LOg Ml ttétattsdﬁgyl%twabelegaﬁtg@

.enboﬁﬁmf: ;gftarﬁgegfpgé%tb%FP&? ﬁ(lﬁ_ﬂg %%aa'e ﬁ%%ource pﬁvider of

F1G.\Wi |flor gldchipa Betad sreraoe elfdyete provi der to deternine
the fixed set of responses fromits database. As an

peta®] d£HAALEME LNDOdLIBRLendibe drive image table of the
rive resource 15pr.ovi der may conpri se only an ,
“identifier 75 for each virtual drive nd the rive

i TEGE Previiger i hese TPt dPrP’iEﬁ%rrceﬂa?‘%S? FEPE Y6
follpeingedmsrigtippatithrieferenss thEhe|Filgerefedguyich 1ike numbers
reprPiditi B ssRdbe atiesialr Eveenfy.onviile Pdel inyknt3@phisslesdribed

in tdfnt 8§ )8 géae hddar a5 alig elrhey dhi s enieiBgeh Br diklares ont
host %9%71539 qhLLon asktﬂ%ﬁe lgthgeét e alaeeamns may be

Wlll %’3 at’?’?em for exa Lt] Al C%I terns it
acc"f‘li’tht“"h%i PGS r St SBeas SRfPanIY ﬁet oug e?’eapﬁ}egeﬁf’ L TR spix
or stomh chttheninvhationoe physical drive is currently

assigned virtual drive. Also, a "W represents that a

prﬁé%bgﬁhgqfd ¥EadM hl3 ben assbgneds opul vAPAR1ifMtion system 10
is ifﬂ'xrsrtgemedywhich directs communication between host applications, such
as host applications 11, 12, and data storage drives 15 of an automated
data storage library 17. The library stores a plurality of portable data
storage cartridges 14 in storage shelves 16 and provides an accessor robot
18, 20 for transporting the portable data storage cartridges between the

storage shelves and the data storage drives.
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25 assigned, as will be discussed. Optionally, the
drive resource provider may al so provide the
characteristics .78 of each assigned physical drive,
such as a serial nunber, manuf act ur er

desi gnati on and/ or nodel nuﬁber 30Ref erring
-additionally to FIG 6, the drive resource provider
35 and/or the library resource provider 39 of FIG 1
Maintains a drive table 80 of the physical drives 81

ang 4§ bgiyr o@%ﬁ‘g :u@a%%' ﬂma@r 96 St &dugbedB2o one or more host

Preferably, 80 _al I h
applipalighg df th2| cfil‘,"“38§rwfl deaca 2"1% %hrg% é&fﬁg?stga B Fised varryal

dataabyorege 51 Reteraichgrosd RPL BTRAT 5 Feig Ecﬁt“%llyt fiFeeting
commbh a8 oh bErwebn FIHESkos2 apxdiGatimy @pé date sitgoebet ériyes of a
pooldcl.)f G‘QI | 36+ S UeBLER &Qn‘egeldqesttha&ﬁitblﬁ‘a&taﬂ QlaSa aftdrage library.

recei V& f t
me REGRE ik obe ke FEp) g Hhafed %%tg’g%‘?éé‘??ﬁ’?%ées"m

appl{ea5iPat or Bife 6HE ?/‘é%’el%r"é't‘d‘?rd aPRICHE & % tdal
commobticebonsTel tactimrioetabe 4npdawing cfjeed tidentificqtippegppd fixed
sets C@ﬂ'@éé}_ﬁ:ﬂgeﬁ&:d @RS hostnepdliibataloy foragehtebies 35rtURA gdrives,

such! ap:ll etﬁ ﬁggtl Eb&%c&ﬁ%nViJ E)U&J‘ldlaél bflaﬁ |t§§ a&@eax&ﬁde tthet all of

vi rtual 87
the &%atAa d\ﬁr %E!H\a/. Slves ?]ree fie rcg_?edI 90 etgg dggg i;;éf It‘i:frrtzﬁi/

Further, oFhe 3}‘“‘868-"16*‘19{ ﬁ%wrfﬂ L?&YF‘"TEi 7 aP i ch Virtual

. accebddsr, aang drives rtayabe @dilgd feleand I?ér?ez’éﬁceg@ g et

requbPidk€a HebMtriglititSon REOLHEALOON P iprdoe ieaticd griver-
host applicati ons by nmeans of the library inmge

pr ovi der 43 of 1fd1f % i couplléﬁcrnb \ﬁu{ Qiu..@xlfe llllﬂé@’eaﬁyo‘ﬂders

i & 4557 ﬁeésc?uﬁc%g °ofthe sfora ves 16. The sane
0. \Air BRI Ry e IE SRaYEd By MM 8 TS oo ber
“m" @P[Rbi GRIL OFES “0f daby storRue] ¢Evas %pﬁ*&a@@‘fm impge providers,
and kiDrasy EONneasdlhes taepplonati dnyenrd Hediatey abefrped

and W X1.J8PkE 8Bsifdgntd fies the virtual fibraries in
Elurm 1090, and the set of storage shel ves 16 of

FIGS 2 and 3 assigned to_each virtual 1ibrar [y &

i At PFIVE FEAYTSE B89 SAST PRI ottt onﬁﬁem sPene
requektiihg 4 driveefar tthe thvet stpol bepdighaf veal grivg awd dRdtages
one 8fltle SUOr a0 | ddtbastpramy dbevepast ithe eneld abyrheheirtual drive,
mdlLAJi[—@r%enmgﬂmﬁuﬁﬁ thatiy BAC Bmage! frdat adrl BéAkNe irBquesting

a specl Lk Gisels@h SLPLAGE. She! ves, such as

n
host hg %1 2] one
o8 si‘PcS’ e Shéry
The drive image provider 30 characterizes the dedlcated data storage
drive to the requesting host application as one of the fixed virtual
drives, and directs communication to the dedicated data storage drive 15

by the requesting host application 11, 12 ag the virtual drive.

Prior to dedication of a physical drive as a wvirtual drive, the
drive image provider 30 characterizes the virtual drive to the requesting
host application as “not ready”. As an example, “not ready” comprises a

fake completion response of a reported state that no media is loaded in

the drive.

In accordance with the present invention, the drive resource

provider 35, upon receiving a request for a data storage drive when all of

the data storage drives of the pool are allocated, indicates to the
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-sto-rage library 17 may compris

1592-96 in FIG 3. The virtual libraries are arranged
by the library resource provider 39 of FIG 1.
Preferably, the virtual libraries, as well as the
host applications, share alj; or nost of the physical
drives 15 of the library 17 of FIGS. 2 and 3, as
depicted in colum 97. Certain data storage drives
may be withheld froma pool of n drives for a
1ib20Y | trot balld hisbmanyt @€ HEPrERbat Gt PheragRataxgsEgenplative to
the MRt hachagbnk ERE NLpdf rédeevidgr theakeaheby eden @Gie of the

drivgagra{iﬁlcgl[ligr%a%dt ,8){?&1 ﬁ%ﬁg&t@l&ﬁ ;ﬁ@y Ueefdde iﬂ'&tf)i}{ey requested drive
. A : . er _ BgSt '
io R REHTS FolSAngd L St ag EakirGad BEOTHNS
curfepf s tpanad Rkl gb Fe CorEICt7anY SEPSRAYr SsoPPatd ERIVERY B3
mowftedn@risblasd@xanpiege Ehisidgad @pisy etheDRET pRplication 11,
12 8551088 chhk thewdi ¥ed HBgRat Ak &ye arive, and can ¥é&rasor

. virtual drive "AA' . and | LLtu ' r
sei 4P SR ST ST ke F ol S hor ke
not egeirgpat At 8RB POHFERTY RE HEStPoFBUnted 1n T he
carwit figeebe rRRySIdc ahd derBiunFha PRTTANY HarY S Eoruge e e
com@@fl} i dge application issues a command to drive unkl"

i's ?ss:ggeq in drive image , and is dedicated as

virtual,drive "M. 1 [ | "
 TnEiy rtertl e O pleeient eI s
indicgkiapd - tayai He 2hBededF i 598 it ?°a§b%‘cf’$i cafTy °Fe Pyd Jxlee and
demduytt tdfeahosbrtabpei dde| G9rage CHEFTHIGY fy(the deallocated data
stordgh devéeahd auabedenhor a&dlhosed apph istardgendriand-t He
reqlglé;: Vg, W |l s AEMIEAtindi RREE 3kl endlalirast abagaesss tthe dged of
cne S22DPLICALI ORI S3ues g commnd to mounted in the

dPtve: _ “Phe relative priorities 88 of the

virtual libraries means that, in the circunstance _

wher enardsdmele SPRF 2L YOI20F HHE PESFIGguAT F3Y atse be
proAQEeer JiRehaatirgrtibat aad vitlh icpmrieé a het péothehaiéual
dri\ggeaguda§séegn&fj thé :h:'oggcfé shelves 16, which are defined by a library

resource provider 3%. Data storage drives 15 are shared between virtual

libraries, but storage shelves 16 are preferably separate.

A host application 11, 12 may comprise a host pfocessor, such as an

- IBM RS8/6000 or an IBM eServer pSeries processor, and all the applications

running on the host processor, oOr may comprise one of multiple
applications rumming on the host processor. Thus, the host applications

are depicted as each comprising a processing system having a processor a6

and storage 38.

The automated data storage library 17, as an example, comprises an

automated tape cartridge storage and retrieval library for storing and
accessing data storage media comprising physical volumes of magnetic tape
cartridges, such as an IBM 3584. Alternatively, the automated data

e an optical storage and retrieval library
or a tape cassette library, etc., each defined herein as storing portable
data storage cartridges. The data storagde dri\-res 15 read and/or write
data on the media, and may comprise a processof. The library further
comprises a robot controller 41 for operating the accessor robot 18, 20,

and a library manager 40. The accessoxr robot 18, 20 comprises a gripper
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priority host application, e.g., dedicated to a | ower
priority host application, e.g., priority "1". Wth
priority "0", may take a drive already 17 the use of
virtual libraries, the tabligs depict the option of
assi gni ng physical drives 97 to virtual libraries 90,
t hereby defining a pool of data storage drives. If
only one library was enpl oyed, all the data torage
20 g vwgmepiﬂ@ﬁ%ﬁdegorégﬁ%ﬁ Oeth §EPREe FBEFEPC i vES.
acce@éﬁsl wakol mbwigg" D24 ripper dietvdre aoHerfge $heas Sllsgﬁ@'ﬁ ap grive
%%’éJeLHas'tdegeV&ela&d |'§he| peliegatedoms FREEDayasiho

Lo a3 VB CRss PRlGunt &4 on
co“‘l?ré%rak/é’ﬁr 5658, SSSpEs. ot et S%Fte'“ 7.

use
grifee 20.r cerrseatc tdapsfiEng rFartnq?F 1388 st tadP?‘i/”é‘ge
dris m%aﬁQ&J ofdal siZerdivdandi caiarge ttaae dgrtveqj Bhe dhe

portagnlggﬁtg osou;or Vgalk%?@&beést%rg B@rﬂ)r:.ﬁ{] dar@b iper ot Reeseticss

rrority reallocatl LJ; 81 v OWleflovable
c"n‘li“énf‘égaf’PUccé%ec’df W& Hi § ‘%pru ort tg yJ agfsgl gﬁfrea% ? ehe .

stomyggr es- are aut hori zed as shown by col um 89, the
~drive resource provider then allocates one of the
SPRLE AhbtYeSntx811d1esl egUEShraAl hetaget i4veloprotive alr ilgest
APt e o%Qé’éo‘éef d‘ﬂ@ééo%l&eﬁrséﬁggg M.Redrd icBBppar todn
ng t

one cls?apute]x d t t o
e Flnt: e BB S, SRR ey

comgride dgmpUmemaie. ary IO REAHN0E BEACESSF or AYESTE. ‘fﬁlager‘%?t
contid€1 &8leal | Hrat #dadanansicor €geay chste comrpEetresomputer
procraélslsog ata§<§ t%Qecoggﬂéroﬁx%ggsdiata}eslrﬂ@wﬁnd&ﬁeﬂe tmma tie

el se, subseguent to_ e I R -afothe bidre
e"a"ﬁ’ér‘“’r o]dbr"l”ﬁ’e'“?ﬁﬁgve ?’egbo r J(‘:e pr o%ﬁ%‘gt?gaf{%? o%f

a
woscpareh HaPERas [t oo TenT F Y GUEGLE, « gbcion Fo resding
a asdbsegEga tmetitunt, heucal doeaficpny ofisk ive Sp&P¥ dat a
~storage drive, the drive resource provider -posts a
ne%ﬁaqe I nr?ll &aﬁltab%g 4HS:Les quﬂlgﬁ iR/ %n&ja:t:ﬁtfnﬂertﬁ@aeload/unload_

driv ost e opnr LC88 i;gn
andtlﬁlat%'slf'éﬁ?ﬁﬂﬁa zﬁ.a salgﬁlyo?c]l EEBE !st%‘agy Qﬂ%é%&l @6 Q

couglednsftds andsparéindea %‘Po‘?%?@é“d’ﬁ‘ifét’feo ”?]?ﬁthg"" t&Sfler &
The aﬁbga(:@nﬁgsxﬁ,gef riansh el éd nyrengdpereeinteriaet €2 tth etl'fgao@:pst
appltzﬁzal:%on.%s t 12N 3k '19%&?%5%&4 Ak 4 Nebdarbramyiged f

datalasge "t}i?rgg s‘%;?'gé%a%tl& giioglage qu }/tyeic,eatﬁg)lfl ro%g & ggfedﬁgtrd disk

drivksl et |ﬁigﬁﬂt BEPR{MY Rorgtables paa\depszgf%nsst d]rag@ éxca??s(/ gommands and
mf&QASm’tn tb NeRddovaed bhe gpost bd rred Sage, mejected portable data
sto% %IQQ%dneg OaPL |t§§ns'%ueﬂ$d fHetcabh @Re tdiated ab | amdetitephost

S

transfer t S i g r l1t b
arE LT AR AFTRRT PP o Eh APt et 2L PR ety

manggest meleﬁmeeeearcés@cmte‘élepflﬁiﬁ GEYZ39% 58R-26% RRe S ot its
ideftQGUES! whixk LAnybBralay d eabeorrisharebegdatdx YPIGFRgE™
alt: rla\éfvél the.PeRl o des aloesciche assi gnment of the

ural i of |library data storage drives as spare

drlves at | east to one virtual t hat
asg‘pgﬁ%tsm}écaﬁf.?%glbééo% uﬁ)alggll ng alp?éJCFQﬁ 1!11% liﬂ}gry 17

by Mie balorki dsmaenenos  ingprredirie Vet Yot ﬁPl"tlFréatHOBr%ﬁdythe
aut&ya%tagrﬁata gtorage library.

An example of an intermediate component is a host bus adapter 50.
In one example, the host bus adapter 50 comprises interfaces 52 and 53

which each interfaces with the appropriate connections to couple to the
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In drive image table 70 of virtual library 0, virtual

drive "BB" has 40 no dedi cated data storage drive,

and i.s in the circunstance that the host application

requires a physical drive. ;However, no physi cal

drive, either a spare drlve or a drive froma | ower

priority virtual library or |lower 18 priority

virtual drive is available. Thus, the "if" neans that
libdaB@roa v lokhdre intevmediaret ¢dmponeidt a 28t droatfee §pftyapplications
11, QQE%@g a@vpﬁl agé@ml Ne 108, rmsnalsrmecmmm efct hthe adapter

rar I l l us%rﬁél%glﬂ’]m SmeJHd olithhe purfers

comprd§%o & ‘frgce%sc?ﬁfl gdrin ata storage driyes 15 of _
and tiheedcpprest yOnE7 Oafn Ff%%lezofaﬁoh‘i?t B FFPeTNFT o gur rlé;es an
reM leBervéirrissal ed Bbyadiik esibrdhehaousdf PeREar i ofesyeppridcaiiion 12 is
showd! R nl 20 1hPer@ast aht 4 Bl mdyNbbipah bz ahi mapdédof the-
ibrary. Alternatively, a physical drive may be
added, deleted or replaced and the reconfi

DOhET eSUR= 10 5 AAFTVSHEET RTDBTy COraies srihiowey or

- rout@peTeataring vl mplise dbfaingrafecedat’a “’é‘f’b rhg é‘PB’f‘?pﬁFt&n d

conJe@@ﬁJn\ée@ t he rfBss2genQs fliinbeysEesroabeves imay wheoke such
as dtascus%g:d oag)gvor ol %apéwa he, §'Q@£é§' g:fnipYQS%st:D pRo@R0br BB with a

I nnin
non-rswa*sllﬁr“@%w &y ﬁt‘irﬁeg era Jﬁgm}f o%‘f %@Co p o b1

of aSparemay rarvecutar alspbes 1M %ﬁos| %gvl ??d:a,t Pt el v ° téxg asultable
ternif@i@yand ahops@snt cadapser t heutdriaregdtamay mire Kepytroller”,

“dlr%SSJ}ar NN n.nLSatlQPgé'ﬂstﬁQléhd ahs npEOGE il Heassi grpat
fo LSpare drive or drives to an

env"sﬁl?f’a%he *SFSTUS. No reconfiguration of the
library is actual ly required in this circunstance.
- The proceStas 105 SAERPYDECRTHFOFEEF PP LAY %si Tifdt 1% ﬁ
Intm;ag"@,.t he use of virtual |libraries is optional, and
deternmi nes whether virtual |ibraries inplenent ed. If

virt %%Lorldgr?r ar I teﬁc’ tﬁg QeE.IQAte %@gon," LYIESdr:Lv%t ﬁﬁgé%muders

30 aﬂg?}; lE:n{x%g?'lve Eegoewxz)i.“é:e Ilrovyc?er .Ji ol arb¥=: en%eggedc qufa.lng Lgfeg ‘host

application 11, 12, an intermediate component 50, 56, or the automated
data storage library 17. As one example, the drive image providers 30 are
each incorporated into a device driver of the associated host appllcatlon
11, 12, and the drive resource provider is lncorporated into a component
56 lntermedlate the host appllcatlons and the automated data storage
library 17. The drive resource provider must be at a component coupled to
each of the hosts, or host bus adapters of hosts, having a drive image
provider. As still another example, the drive image provider(s) 30
comprise a component 50, 56 intermediate the host application{s) 11, 12
and the automated data storage library 17, and the drive resourée provider
35 comprises a component 56 intermediate the host bus adapter 50 or host
and the library 17. As a further example, drive image prov1ders 30
comprise device drivers of the assoc1ated host applications 11, 12, and
the drive resource profider 35 comprises a component of the automated data
storage library 17, such as the library manager 40. A still further
example comprises the drivé image provider(s) 30 as incorporated in a
component 50, 56 intérmediate the host appiication 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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25l i braries are not inplenented, "NO', the physica
library will be configured for a single set of
virtual drives. The process nmay be conducted by the
library resource provider and/or the drive resource
provider, and the library résour ce provider is
required if virtual libraries are inplenented. I|f
virtual libraries are not inplenmented, the 30library
i mage table 85 of FIG 7 will conprise only a single

i pﬁ 1¥bra Ilmagétﬂr&gld%mé'mﬁb %Qd the librahn rSE&ﬂcé-:bQo\rlder

t he physi ¢ Ives avallable to [
59 syt BAAFTRY TS ERIBFAET] RLArEy BECRFBU] Qe By

1ibgygt@m operator or 35may conprise a def aul t, for
exanpl e, in which all of the nunber of drives are

Shgr %dap){:ha§ro£@s%o¥§ r3t6utf§£ tiaé tH‘oQE |a%§11c|aelc§1tsepl 1314, the

Spar e rives are identi
oroceseei Pohd o Pih TR TR T n 0t oy DReefor 45
of theahibr8ry sasaled 49r of e alibeeky. o'FaYnﬁ? 95@*'@@51 By tate
o ex%i%ge%&%rﬁidoﬁpﬁl@!ombh rtbgtde, pmidoeaypadbxi o prégrams for
operat;L g %( a ng.edaﬂy r:h Q;Eme %}EQ&(&J Qﬁ«]‘eng{dn\(esﬂacﬁ 'pricBedshe may be
b9 ? drive he viriyal,l |Slgr 6g9y 465 Rﬁechni&[@@&es
proed paPh oI BRYS] B oar TeL B 1S (iber. of o
storzgar @ydidagbyg ngm-volggile memory |gx (gteeﬁr fﬁﬁe hfaﬁ% %ﬁlﬁﬁirlves
for @hblder bitblprelrames i abbid cht deadpicdes P SPTRIFSHORS OF
mord® @&lfbu@gr tpbt@gx\élnr prdabotd, | daHrdditg eimptigeirneshdaplpr program code.-
am Po%u{:t.e%gofh%' B:Ir@seﬁysﬂne@ﬂtggﬁrnﬁ?%a sfdplied with

The fcomrmeﬁéjraéw ce driver . for t ie
an JpglicaliB PERFPBI ITH 5% nrrlg?llms ﬁg@%‘gﬁg}éﬁf "EY%C sz_gl a

vittepplighettehyr tReRMost t&b‘b’l a8 o?f‘d[ 8°“§’66?eégs§n taﬁ: (’}lexed

manuthédutal i MeSeceined ggon lona sl shedofh sgeielfmli7515f may be

recdirGP-£rof (8B thedRorx, noiCQilajz”m Betcefed b otier angilag mgseel. The
- he al Locagér%gemgw olr mé}:%lr%g] 1§%h9£ tli_ilaﬁstére Eh]@ltal

0]
requlﬁement

aracteri zation rnfornat y
rep%ﬁﬁ%aﬁéﬁlsan cmn%u Blz?ﬁeg&a&:?e :Lnstri.lfg:.o% allrhél an{&?\\l/téar

readabl o mrpireg efdet mﬂvmﬂt tha dFY’cﬁear*f“ég“‘-’d’r Eh‘?fﬁd‘é?mé’?‘?ﬁrned
prodeBBoe yangloeessbys t he system operator. As an
alternative, relative priorities may be determ ned

f Ofn tEQSS Vi tual Igr Ly %&mn];ﬁb.-eof %SH&zttaﬁie aRl-AktMRge cartridge

priorities are,po ol u . n, -
14 jspikmeprafed, "Phgh’d%ﬁ/?xam@gomc@e ]blrsgfg/l dE‘Jri & {%rgépiter  dge

cartchifiges | Pregeattabies( 33 rpe, avy dei LERgnladrt A2 P

g1. provider. The master drive inmage tables are

15mai ntained in the drive resource provider, nmapping

tthG%l | 501? %Lg dsBaglqustrate examples of drive image tables 70, 71

thaf are generated and maintained by the drive resource provider 35 and
which are provided to the drive image providers 30 of FIG. 1, in which the
drive resource provider maps the allocated and dedicated drives of the
pool of data storage drives to the virtual drives of each host
application. The drive image tables may be read by the drive image
providers perlodlcally from the drive resource provider and updated, for
example, each half second, or each drive image provider may access the -
associated drive image table as needed. The drive image provider does not
need to refresh thé table each time, but rather may look foér any changes.
The drive image table includes a list 75 of the virtual drives that
the drive image provider is to report and provide responses for. As an

example, in SCSI terms, the list 75 may comprise a fixed address such as a
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dedi cated drives of the pool. of data storage drives
to the virtual drives of each host application. As

di scussed above, the drive imge tables nmay be
accessed and refreshed or updated by the drive image
providers periodically from®the drive resource

provi der, or each drive inmage 20provi der may access
the associated drive imge table as needed. In

tape> E?gr 128 ﬁ&ﬁcﬁié}f by eh€® Q)lﬂr@}ﬁ ﬁiz@\ﬂaﬂ Qei el erme nRSve image

|1 he t
prov6 ?ﬁ? péﬁ\rrlZd 8 a]nf 1mage l\;% ra #9\” r{% [.Lga[elgﬁ o@.aé/r% Qz.e%re v:.rtual

l'i.b
aacapgTFp TR PR CopFbC B8 e RURR” e TpR T ot &

mear508 thé e sL 2. |Thenbixed| }isofis KEPRIERRniad BYi Bt a?efnééflcatwﬁ
of thaVéabgar canth g eskn theupt aness 76y@l esathaiek dtivestepurce
prOVlQ%r 9 bex'%l BMeldgyt{e%Eiﬂ%aQIonEhaﬁldn%ctedvéeﬁ:E l&' responses Lo

trat
L ekt o et s P oERe oL aég.%%"%?[%nthe
B

charprorridbirsanasb AMEde {5y ual P riFar! grives S Sty aas! drive
As aExargpke sxafpley etites clracoeribNGYRRMYCOMREIRE, the SERREMress
for CRETARE, 110458a0 CRsf & 280RGbhdIC ettiipBe f tBeNvArtmd ntdge may be
provR8Ld wah% cﬂgéa%téh%&@&e SR 5498 At mme%@e

om a nount ed_port,abl at
desléxa.?ttlpp ongg a dnom ed:m,m']ﬂ\ds %9 a%lo d:%? ag:%?r%lﬁﬁetz ed

provpdet &bl detdumiaesthsr Aed3mRtart rreag%m%\ fRE%EWE‘aEWﬁndAS an
altekrfati®6 dmbedanedal ahstdn agamaye reb¥eorf ftie (Axéve gasougce
provm c%%l&.lmedodl? Lk 8@ane e @6 abyathclatiatetiosage, and

simlar
the Sﬁ‘{f 1mar?éa g%rov?_%?/ I 8&){ manﬁgaé?g%l; %—kf%gggr%ﬂ%:}is 76 for e;-chle

virtga}l &HThes whet her the command received fromthe host
application constitutes a triggering 40event or a
deid itgg et g rev@nte drbvides dotinared &GNt ifrem ¢fe gool of
physlikdd Qﬁix}eﬁgo@\éﬁgthb{rﬂ% gy itve doTeganpgovraaBer ifar Shephost

‘appl}é]'a‘lﬁl n, I e%r%wahef%l Q{é \é SJ %ﬁ%&@&doﬁ‘p\”fgﬁrexgﬁpﬂeh%y LUN, in

even °Fgen es the V|rtual Ll
SCST| BIREYEF f >;I:n the illustrated example, the d \:/r.%pgerégn

that no physical drive is currently asgigned virtual drive. Also, a “W”
represents that a physical drive will be assigned, but none is currently
assigned, as will be discussed. Optiomally, the drive resource provider

may also provide the characteristics 78 of each assigned physical drive,

ts xn indication

such ag a serial number, type, manufacturer designation and/or model

number.

Referring additionally to FIG. &, the drive resource provider 35
and/or the library resource provider 3% of FIG. 1 maintaing a drive table
80 of the physical drives 81 and their current assignment or status 82.

preferably, the table 80 also includes the characteristics 83 of each of

the physical drives,. as above.

Referriné additionally to FIG. 7, the library 17 of FIGS. 2 and 3
may be arrénged to be diiectly coupled to the host appiications and
receive, for example, requesté for the iibrary to mount idemtified
portable data storage cartrldges 14 from storage shelves 16 at 1dent1fled
virtual derBS " To accommodate these requests, the Iiprary comprises at
least one 1ibrary image table 85. - The table identifies the virtual
1ibiaries 90, and the virtual drives 87 dedicated to each virtual library.
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20 the host application. If the command constitutes a
detriggering event, the drive inage provider, in step
149, notifies the drive resource provider of the
event and identifies the vi tual drive and nay
identify the host application. 5 - In step 140,
the drive image provider |ooks up the virtual drive
in the drive imge table 70, 71 of FIGS. 5A, 513 for
adait Penaviy,t udd 1iblngriey SicpatkdGhel erderitnet? of SR TE

wx% q St ER 135 1L80 LS 2cubOPiySECal atitorezedoss to

llbrg%‘ﬁp?n{j e response tQ the ev {cations
e SERREHSTREAD, MR URPTE DML Al {7 Fodii hog rricstione.

by mpimssbeahe dribyary Anaqewvme%émnanﬂoés not .require a
physical drive, and a response nay be provided by the
dréacﬁ \}lm%. P{@élrgeir M\éﬂtlaﬂéa adsdlf bﬂ&,heael’tdarh@f shelves 16.

response j s provid st e Th Vgp19BG 8 ons
The ﬁ?’?fvf"o‘é:f‘la]r dd ’bai’fa'sm%?’sb? hséla}éép %g‘glelalv%r%éatl o d L] Ve, -

may gebresrROYEPATHE FREPALUEPTEY EF 6FR K& FY ”’F‘ rlo°r‘ﬁ the
ther@liayebd HRGE.t abibde AG, igntoficp| @8 vipuabglibggries in Eolmn
50, sﬂaﬂt}{é'a@mof mgb,shem 1and MWRSTE: coarmRrdsioned [toprach

ded £ARP Ned f A RAriakheddaicde of
Vlrtg?lorlélé’é‘r?f Qéter % e I %QFTJI-)AU%?%%&I sl"li t hgs d ecli Cﬁ%‘;%%torage library

skilphips FemPrilr 02 STORHE, SR WRUNT 2bdand 278 Beeh
may P& @artiedoted bhechej bivapyy nggpger SuChCﬁi’?ﬁa?ﬂf ‘f’ﬁz&’tlaﬁ ead =¥
is akBidnB€ sabpeaid Gt aridsdedie ahrbrpsof surbphsy SFewde FEyEes
92-dkOuPr¥d 1§ UaLthrx}l\f&aélf eiGakl @date Iaggﬁfgieﬂg:yevm’]tlsl?raa‘md

conprise RESERV n se | e 108 13aMieRY as
rescifte BITSEE oF 3 Fiquast TorUana oo “aunn Y

r equest r | ve, Lres
ety n thhamet Byl SEonRE, “Cofies Enals PO oo e 1%
of tgétlhﬁrad:@a“ ecaticsn DEnd 3phys idepictgd|ipecayEncyy-| dgrtain
data ggﬁ?ﬂ%ﬂ% W%Eswrztﬁﬂé‘idcﬁig h E?oREfEQ&Edflmmamsa
CONTAN a 6dd @6t rdtcH €hea® eflent of
Vlftbl?:}, \}é raﬁésagRg agng ¥ tfx d thti}refle

REL "
e N T e e

parthyuhes pR Viont Tmdes oo PABPLIOF A SEERED it LY
for IsMEQCafHaOvéddeds det erm nes fromthe drive inmage tabl e
whet her a physical drive is dedicated-to the virtual
drl V%h él%s%rgﬁMMesl';o a7ph¥3|£ﬁ1 8§ilEVEIEsS 5, 5B, 6 and
di cat e

a e virtual drive . YES' V €nage e
7, %S neFEe o FEL o2 ﬂr’s‘fe pPRP43 e §FF egntgg co%nltgrueer??%?tl on e

70 dactineest. fhier SRS ERhGS HoSTLENEY | ERFID Sind feo e vl
pe diedigatedwial aesdeeage QEdhbartapflicheiopoot when the host
applq.catlogti% a4 ad{:érhfr@ﬁd ab &Jﬁ%uﬂ&ltaoﬁﬁt@ﬂldj ahm staraggesartridge

mounted in the drive. Physical drive SDR1” is ass:.gned in drive image

table 71 for virtual library “17, and is dedicated as virtual drive “EBE".
The “(L)” is an indication that the physical drive is locked to the host
application as the virtual drive until specifically released by the host
application, and the drive willr not be deallocated when the host ‘
application issues a cqmmand to demount a portable data storage cartridge

mounted in the drive.

The relative priorities 88 of the virtual libraries means that, in

the circiumstance where *n" - *m” data storage drives of the pool equals

zero, :Lndlcgtlng that all drives of the pool have been assigned, a higher

priority host application, e.g., priority “0", may take a drive already

dedicated to a lower priority host appllcatz.on, e.q., priority “i”. With
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Li brary. The communication is destaged and transl ated
as necessary so that, fromthe standpoint of the host
appl i cation, the comruni cati on appears to be between
t he ho_st application and t?’e virtual drive. The
communi cation conprises alT that is expected to
follow as the result of 40the command, and w ||
include the transfer of data, etc. Wit h any expected
the WRAHERSrt@hClibradies, the tdifles h?epmtst:h‘a}?pﬁ%a?ﬁ apeivasad

phys'c?ﬁu&‘xqv@s NPUNT ¢ AR NG vk Or sleB e d, | Bkl dbfirihem bl of

to issu
datavqtrot:ié Jairveee %Jf.ﬁon E o%g_!l é)%‘g ’wag %Eg%ﬂ%s;(%l% r@;&gdat(gl

storadee AERYEAL RCHRT Pﬁ%redr?%t’rﬂﬁ@ ea%‘fc’é By “Fhe®
drivé eSRT de, prrowtiedsonente woessighed dei ‘i”rfﬁ@%l &Fb‘{ﬁ dad is
mdl.Q{]'eQr an'i%* \é%dfaeﬁ@wb@e ffroddsdgfimetiedi @aydingl arive "DR7”

si cal da to f
is ra_s edd aF & m%l%tené fc{r ave., %mlivre.:llnvc;enq?] ]:Eehgsefho@ﬂ g:h%a hrbaa.?ﬁﬁgtance
g.ﬂl Sq'lf 5 zZero 1nd.1 ting

whergHyp&i Tar" dRFY StRERIeLTENCH &fi tif 8 & Teéquestin

* that hoat aapps ictathieonpolahaiet heerd ppsignedragesd pebifiegethere 18 no

prmf;ﬁ: PanRd Soda@idd1eof equestiveg thas teoalspbe cabligiratdd hage bigh
prlorl,%y aE{s:.g%negg ongf %Q%Sgré ngﬁcﬁ'@z&ﬁgs havi gyldt@umn 89, the

orm.n e host 10
drive gGERIELe FFSVIEEN 1S gceéllq\?eﬁte %Eat t%%kgﬁr%ﬁ%t e ??L{E/e

requés . POt erEadyely Ot*t?o‘ﬁ‘tﬂ*’étre‘as&ﬁff cOTAATE ey T neg'em:erlned
time BB RN L Aleiniatee Sretagemicad tripggeriothe fcﬁqu%ﬂet for
dea1iJE§9f‘on%9\é da0. Lepass Sirkwo shypescefe Snehy eathblefdste
stor%ﬁenga gir!an% quszgg%giloéage@ Rac )SQHHJg@ adikre tdeeprdeet ual

ano%ef'w@ d‘?ﬁl o3& 7 vetto’rcnage !%lg' réog\algﬁee%ar ee%(t):rtSa *Th

cubstdveny tt erEiFeliopeod 5o CORT NETIBAdSe, STATeare o EiRlaer

allo?sltﬁaermt spege e}eaﬁ:mt@raqq']grmq e tpﬁa'cgagu?ﬁtow der reports
cartridge not present"” at the virtual drive. In

ei BLQSJ?Q% € (€21 10k ilRAEKY thé @PRANGRLd SthReaivive, the

I on th any re t ed; o
dn"‘?&ﬁﬁ%‘fme Lfmn 3 oérém o?‘ g%%aﬁ!%ahmgﬁlggtﬁgﬁ%%gﬁza ::::em

storafedeivet hdbe PP R IGREISTTY CoMPLR
managerd et Refgioh ety po tphsSiEe d}raafﬁe\;ea I8 a¥eeqla$ar e agh Gyive to
the ptoldn Alsl\QJeRéfaplBESE%eroingREL@ﬁ@E debyartn d:hee@c@l wigd

resuﬁ%iﬁbﬁﬁgﬁcx%?&é@ cobi@oflthy el ibERge PIOvhd @kansgepdndsadas the

resr%glde\él L &é Ehe sFXzee adP LsQéﬁ:'aBQ cirh]’@e to the pool,
rtual %Ilve fromthe drive

deletipggehe g1 792 ?aarfﬁtaﬁi%?g%

As an incentive, the posted message may additionally comprise a
notification that failure to transfer the spare drive to the pool will
result in future unavailability of spare data storage drives, and the
drive resource provider, upon absence of a request to transfer at

one spare data storage drive to the pool, deletes the assignment of the
8 at least to one

least

plurality of library data storage drives ag spare drive

virtual library, such that the assigned spare drives become unassigned to

the virtual library or, alternatively, in the library system.

In drive image table 70 of virtual library 0, virtual drive "BB" has

no dedicated data storage drive, and is in the circumstance that the host :

application requires a physical drive. However, no physical diive, either

a spare drive or a drive from a lower priority virtual library or lower
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Referring to FIGS. 10A and 10B, step 160 refers to
the occurrence of a triggering event; such as receipt
of a MOUNT command 161, a RESERVE connand 162, or a
request 163 for a drive, such as an "are you there"
30request, with or mnthoutlﬁ request to | ock the
drive. The request will have been received by the
drive inmage provider and the drive resource provider

prqu%}) LlIGCQai r(lir%@ 05144 0inikl Grrls, Qhe v BeduU$Rt there will

onmand rece| ved dir HnapYe iQrend fdrmal
be a VWanll‘i Rl 1] g&eé’n%('gbltyeﬁ%mgrl v%lr esouree .

operptippi @i"elth‘a§ihr%‘|”yrect triggering event. 35 I n
step 170, the drive resource provider determnes the
V' Hsuad 1ifdsvBafdy amhimghaitmaee tofi ggeneurgdefmantorfdguring the

ended, Bt e Jeeguesting, nosbe <16bs 2t i 6aldryot s

datad%’i%? romthe notification or command itself.

| COHfFWrSP%thETZ“‘t‘ﬂe 18‘P’I’B\Fée? esour ce provi der deternines

the drive inmage table 70, 4011 of FIGS. 5A and 58 for
thﬂwVJ:chU@irad{éxyeegn%Zat step 100 in plostiaptrd 6F Mt irddzation

of tLhehQ .Juﬁet i 1§, &'&ﬁyéi{dayedﬂlegma&?% paalnam dﬁgted or
e drive i.ma s ALSLePively.
repli?%i a’ﬁléh‘aﬁefi%nfr“ggjéﬁtrl 8e Se%&a’e%@}rjm neélf r gm Lh 1§edlltihe

a sydrénvepdnzhefe habing WSt ﬁeerPaﬁe ﬁﬁ%ls('fgfag&r‘ii Yas d e
messd@fliag adi@dudsed t divei mayathodse v aid PR Oév‘@?ﬁe of {£b¢ |ggare
dnvgé't\ée S1 2 @ﬁﬁ)@ dagdigeatiag, att BeerpLETesSSE hessyispens ppgrator

th:% ?x éTng &&9&1@8%&‘;33;9&:@6&&&8&:1 a pool or of
tio %e

ween esiln 0o p H
Losigm b i LEn A %t*‘t?r’éi‘@eana‘r ?1{?85 ot hfe‘”\*‘;'.(“]ltrhll ﬁf i i SR kel

scenatidist stabedb2i m@ﬁeplsy43r%ﬂd€|%re§551m6F 84‘? 38 ﬂ”
sparle@nveedi gaked, cd he dnhye gnesoarg@spr ¥oi E@Oﬂf#%r%‘tieﬁ of

eteLip.0es, Waglhek {mMthnis cifcumstagiceat er than
th&%g%grpe g., r]gymthel drllve tabl e 80 |n FIG 6. If "n"

- "nt is greater than zero, "YES', | en@f udeNEF virtual
phStsPcHl® T YBsSRIGE DL tgf*ls&éc‘é?ﬁ 8“ ggjé th% Scal e

librd¢ieseis Sptiverkf gmé W&MJa’GPvefeéF’e%F’%td’étll ]o‘ll? Fi§e

impidediceat i on Wiochde 1ieGguesd iang trodenchbebpFRAL | BiFP K¢

detedl S%‘dsé%d éRO#ﬁtutahehm,QQJy ef 8l Sy . canpriseann| y

fa stora lyves thaf,ar | wiebe
llbreﬁjaersaafeep? t:.mg §?(%], Q'L @h& %HP&EEP 1@Lbﬂutyh TCh

e virtua drlveh .6 P‘HL
conffgwmedofory he;-’—ﬁﬁyélséélc’fdf’f%‘é‘l st gfﬁ"-‘ﬁg (y]'%
condaBEkd! he thedubstad resqurgalprarides #EV°F i VB Fegoee
prov'iti@no ghdthe dﬁ.bi‘&y resource prov1der ig required if wvirtual
libraries are 1mplemanted If virtual libraries are not implemented, the

library image table‘-ss of FIG. 7 will comprise only a single library,

eliminating column 90.

In step 110, the physical drives ‘available to the library are
determined. This lnformat:,on may be prov:.ded by the system operator or

may comprise a default, for example, in which all of the number of drives

are shared by all the virtual libraries. In step 111, the spare drives
are identified. The spare drives may be established at the time that the
library 17 of FIGS. 2 and 3 is sold or installed, or may be set by the
gygtem operator to control the price paid for the library. The number of
physical drives "n” in the pool of drives for the v1rtual library is the

number of available physical drives PD less the number of spare drives B8D.
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20 If a physical drive is available, such that
-"m'>0, the drive resource provider, in step 185,

al l ocates the physical-drive to the virtual drive,

dedi cati ng the physi cal dr& e for the requesting host

application. If nore than Ohe drive is available, the

sel ection of the 25specific drive may be nade in

accordance with any appropriate algorithm As one

exaipte 1bhetBs imabdravi ngreded dtivsesnd dihar bieeeristics -

1den‘i:9f1cg o\ﬁ' ﬁ:&@!:h ‘Uf' t‘.’lﬁa Wu@ﬁ cﬁ@‘r&&fﬁﬂd ;ieizQ&EM hffr example,
cxanp [ S N3Y] Nedo e Q@u $dr, MY
frombéh%éf%)epg aQ: r, %% fﬂ & Qe

STHE 6T iVe"F esour ce provi der, t NUS. :encifior
commupicas N i epsh bgsh ﬁ@p]\}gﬁﬁém. m’[ﬁ:ls cglbprlses ed en ifi
to bal dmpEatdanyy tthe Iy sipalcadaem tStasERfE Hh %"?dn"%’%téﬁl
arivi8P an&ha% gl inerL1Ra0iH 66 uph 0Nl EFIGDASL eSidt $P0  dr jcpbumn 87
of Fégas’ %.gl .05 L1 8k fn@caéénosrho@ mA§>1dh§(hliS&edIG 6.

Frve resource provider Qe O fdt% this

The ghixgebRdaaEvg HHAFeaiter ‘§r ﬁi?eE‘aYof‘
poin8t OTageegr idseStHteo reml%w:rqru‘a#%d?# \Fég "df"t‘é’-’z}c hﬂﬁaﬁes are
deteARRlC Aok OfamI e, BpAAt e sben vperarage dabhesitemyathee,
rela?;ven,?)%ﬁoq:l yes ggl Jefe e HEREE fBg O ORI Sufde Eitﬁ}disC a|'1‘|hy

rrve, resource I OVlI 1er 7 VG, i r@gg
resubF i HRIPEHH PRETEELST AL © Bedtsu ot Edﬂﬁ“’?‘sﬁ ffrr]gé tapje_ i
stepas2ineditedriVEheeaivkoe PFAHIE” 80TUI9RI'G° '8 AFdY
70, YPURLEsheANGkiNaYiragaTrbeidiet he Tht Ireetrri drivef indge t@PlgpaTe

malnggln%E d& 1&;5 drs_@a %E@tﬁlrlgzxrowﬁrt hﬁpﬂifnlgV'ﬁler 8RRtk Rl and
Lo Seilvek 'S I CAL &3 ]E t&%g'ét@&' Y al Qe &l Lasne v@Ahal Cdrllves

dedls?teél ﬁ? Of the oy A 5 i e
of epgh FPFY é‘PPb“taH’e‘mr eq’tfegfscugge%aﬁ “*be” di %gu%sié% e tsgtes may

be akfessed phmisiefapsttdt or sPStagPVdFPY 671 HAde BsTves er§

perib@ftiag 8§ e6to)thst@ivd BRsdetcerpriomidey . tdrapachdrive: fmgps

provggékal'na} %cé@gsothe NELocibfel aaivengndghatabae raaqueesitd has
een received for a data storage drive when all of

the data _storage drivesof the poal e o
Ar T EermnaBtn B BT e PG A o e ear s 1 of

the Vieruki Drikrycies Brykdoagrycomblgred s 5f 56y tHFE GEFIE
1ibrSk MsageveCast beagampbiratiode the prrcesedaecyrded |af tHjugtrated
py STBPNSE, bRendel HIBLY 08 Ae41 Libdal dsehavaTbest conttipeted,

woul d b%’%gﬁ Vear%néte f.denEo %‘é&%%&(ﬁlﬁ'@m&oﬁ Qf StleChdxt

the PRRCGRST por ata storage cartridge, when no
virtyaly JiBEATYdri ve i s avail able at which to nount the
cartridge. Prevention 10of a nount w thout a drive
Pr 8MENS Si18ufehesd itak drocdesponithe el dexapopravdien 30 of
FIG \Mrlitwl}merai SLLL 'aggflcfa&&e?m‘iﬁ&ae d Qcﬁhm&ﬂﬁ fgf |aV€:Lr€M§]1 lgeive at

accessor robo B
stepy ARt -heFaTRI£T PHEBD° 45° %0 rnxgq%&’?%g | Ve g%&{&ﬁ%aﬂd ¢

he
seargenBuntpeataid dbte Lropdi - PyTtabhe SpED SHEFRICCYEREIS 2
REALC O5Fa8d | toN r&:R1S PANS Eréns a prooui e dottebld 2t §heTy06 (pEETidae;
a witbh ‘U?)mﬁa'[n%V BHLS 1 e RALLRAI Blmow@ANEREiLe0ddtapstdragd he

nes Sr l €s d Wi $d £b future
cart(ff'g%er' a&E ce a aor{%\'}aglﬁlr’% a%%?f%%l gat%nf&iﬁ%d;gr &rliggértot_‘m .
ease

useihasREBERFE GETRAt B el RS MoaRtc e 8
simil8%.typés Stfepor®80dg-ndi cates that no drive is
al boratedk ke grdvieeresouress pibwhdan3, jdeterdpeghsther

pgSt > dape 'gel @H:np Qhe \Masé Eﬁﬁ:ag{dnvﬁoﬂsﬁﬁgﬁ.eb abkeiggering
e (c 29 LJbF (g i f or mecg{sltygltes a triggering

event or a detr;x.ggerlng‘ even

event, the drive image provider, in step 144, notifies the drive resource

provider of the event and identifies the virtual drive and may identify
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20i mage provider indicating that the drive resource
provider is waiting for a freed drive. Vari ous
optional alternatives nmay be enployed to allocate a
physical drive, rather than just waiting for a
presently allocated drive td be 25deal | ocated. These
- alternatives are discussed hereinafter, and nmay be

‘inplenmented in any order. | f step 180

the 'h@gtlz %@Lﬁ%aﬁ&t NG dhd \@mhsmaavdaisk abites ac aemegeringGfent,

Lo LG (]J’er, iR %\Nho“%t 6Re2ds ALBrR2A0réhatLS

| e
the dr1¥%1ém%ﬂ tEFovl i
prowipE (94| Eher PYAES %ridel%%léh‘?dtli’eelvggﬁq{%ldpﬂg:: Y idgpiey
the Giept cpplicenicwel um 88 of library imge table 85 of
FIG 7. Thus, with a plurality of virtual librarie€s,
fIL 146 a%s'xe Ocﬂ%v@ﬁn&a?@ p\fb@idéal 1dok® gl t18S viiSiaf drive in

r priority th t t
che BREVIETRE FROGTEaT DD e ot o5 cEh bl by

the 35priority of the virtual I|brary or the
r eguipsiad avieriniteds dndthey taedcomrerchef sthe FEqURBEFTY?
phys‘éhgf Wakd ltbrc%rn 14 Mid tU@londE iteettieS eddntt herohi gheple,

g lority. %%ﬁ%gt%ﬁg g&JlLyacJ p}l,l}sQE@f )&rQ\Fe An INQUIRY

t tUAr &n P ve 1S €
comqae%mﬁééwﬁrmbﬂéer Py SEeD a3k, "B sty éT '“a&' /b Grovides

by tdboldge Wiy @rPYiCHE aviltbarst 2pRTigei APl ibet £ﬁ.ﬁp°1‘?ao G RFovided
in slt@p Shep 24earife i4agk iprevides awspendsr ovithemddressed virtual
dr;wge az!ndogrﬂ;lgés ttﬁ@ &Q_L-@&;teﬁgs dak S t:ﬁkr aghredE ot the @it emage

f the |
table; '{ﬁr a|7§/ ann f| es ?ﬁeoaf? Q%HEPL %%%ﬁ\ﬁé Vﬂﬁb?agnd [IRITE

commgdads Iweélaﬂoﬁcmfo"a‘?ﬁ? Wbt FPEss 2PHd CRHsRatYy 3t (e gd Bt storace
cartd@aBUNS molnkestt &p tR&Sledargregorvable data. SYUFadge "™
comraAd Wil d0Rvé Heah tfieviral tocatedbdatya storage drive.

The drive innge provider in step 216, characterizes

NG b Bl A LA (0T ehgélggg%mggﬁdeéiéi@égo%t oF %gﬁ'tys:.cal
dIlVEZU) a Wéta‘?]i \cliéufeegsgrceéled triggering events, a¥1d co r§
RESERVE commands and other commands having the effect of a request for a
drive, such as an “are you there” type of command. Commands that lead to
the deallocation of a physical drive are called detriggering events, and
compriée RELEASE commands and other commands having the effect of

releaging a drive. RESERVE and RELEASE commands, and commands requesting

. or releasing a virtual drive are received by the drive image provider.

In step 142,-the drive image provider determines from the drive
image table whether a physical drive is dedicated to the virtual drive of
the command. If a physical drive is dedicated to the virtual drive,
wyE8”, the drive image provider, in step 143, directs communication
between the requesting host application and the dedicated data storage
drive of the pool of "n” data storage drives of the automated data storage
TYribrary. The communlcatloﬁ is destaged and tranglated as necessary so
that, from the standpoint of the host appllcatlon, the communxcatlon
appears to be between the host appllcatlon and the virtual drive. The
communication comprises all that is expected to follow as the result of

the command, and will include the transfer of data, etc., with any

expected headers, etc.
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Sprovider allocates the deallocated data storage
priority virtual library. Connector 222 |eads drive
is dedicated to the virtual drive of the in the drive
i mage table, and any hold of a nount is released in
step 187. Any work queued $'n step 150 by the drive
i mge provider is dequeued as the 10result of steps
185, 186 and 187. spare drives, outside of any poo

' TH@ nuhel Rade! 95At 828 off PAsC1 dhuby & bt he>mutilies tthe ttB.brary .

it tlé 18 Bﬁ".gel If.0g Q\E‘é’%l %Rcﬁir |e¥§S Q&nﬁ\a@@%bgﬁ%dviﬁual drive.
uat Wternatlvel\é‘hégrlorlty

The Gqrppag F“é% be received pricgg T iRG i 7 r%/uaf' q%%er Euaravlii
vy tiof daiveparsoudrsd peovidenut ez ddie BIVBriPage SFOFIHEr haEtor o
driv@pRbdGat ibvileaysedpadtting . phesidel @rvd mapyagn, drive from the
pool,g)l:(lg ebzﬁtzl O&t@éml%ﬁgrﬁ%mr%?é &%v@%ﬁnﬁ{;éntﬁﬁm tlﬁ:-ﬂf no phyalcal
, ta
drlv% ﬁl&%rg}?eg pJﬁflé?tﬁ'é tobe X lﬁ?(ﬁl ng dho r fép@iﬁag:éogsg}{(?r!:he drive
image PRPIEET TASPENE aahialréquf‘a?tf%@°ﬁuﬁpﬁléc%%€“ i Et efa’“’
comp4@on ses@mssé dnabtapnlild hevingrthe effeat SfoiHge™ ] VL@ pept
applit&%tgcﬁﬁlthﬁcaﬁ@d:e@i@tfﬁa&eﬂean Bécefledgcired it shepi@dd)l drive
is “not )‘r.;lea%”' % %&npﬁ[ageegn %oﬁr@l’dcﬁgqﬁgrﬂﬁ}}f Sthihtéd Iortable data

connec o of FI G. 10A
Storﬁ‘gree‘éelftai'?g\?e e %Va ATGEe PEoYreed ep‘%r%l ﬁ%v%ogg)?ée% 3ot

readylt 62K LFPISHEO DHFFOMRATer TR ABS TWAELAerTt HE Y17He2 d’t“"e is

indicated in the drive image table as waiting *w”, the drive image
provider reports that the virtual drive is “coming ready”. In an
alternative example, the drive image provider reports “cartridge not
present” at the virtual drive. In either case, the “not ready” response
is mot an indication that any requested work is complete. Rather, it is a

form of command rejection based on one of the two reasons.

Upon step 136 indicating that no physical drive is required, such as
an INQUIRY, RESERVE, or RELEASE command, etc., as discussed above, the
drive image provider responds as the addressed virtual drive, employing

“the characteristics of the virtual drive from the drive image table 70, 71

of FIGS. BSA, 5B/

Referring to FIGS. 10A and 10E, step 160 refers to the occurrence of
a triggering*event{ such ae receipt of a MOUNT command 161, a RESERVE
command 162, or a reguest 163 for a drive, such as an “are you there”
request, with or without a request to lock the drive. The request will
have been received by the drive image provider and the drive resource
provider notified in step 144 of FIG. 9, or, if a MOUNT command received
directly by the library, or virtual library, it is provided to the drive

resource provider as a direct triggering event.

In step 170, the drive resource provider determines the virtual
drive for which the triggering event is intended by the requesting host.
This typically is determined from the notification or command itself. In

step 172, the drive resource provider determines the drive image table 70,

71 of ¥IGS. 5A and 5B for the virtual drive.
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expired. If not, "NO', the process cycles back to

step 243 to wait for a freed drive. If the tine-out
period has expired, still another 350f a Spare may be
enpl oyed. As one exanple, hg linted to a

predeterm ned nunber of system operator may be

requested and prevented fromunlinmted use of spare
drives. Specifically, in step to add drives to the
po@hvingciarentredatieodrive ciiglye | frblan the OREVQ 5sou e Provider

acodldel 6 HeCSOQUE CfnaBE QMbEeN ndbliepaumsst frokted SPAr ehd grive

resrecgl ved, whe alm!_ﬂin f t a..0ao ica
“3tEP %@%ﬁ&g{t}h%tﬁ Fl v%érge%gu%%eaﬁ%%ﬁm@g% ecci%r%é}?ggﬁ? i%%hys '
drivq 3F AFELAEIL Pe MREPACTENRNT e T SURY toa drive has
beerpriedbtaeedi neel Hrppdss, ewitdin wieh 1RherindrefiEiPetrasgprovider
is &iQUBtiddCidigud RS Sidhaadebe thieetkeiestingawst iapplicakfpn and the

data?ts%gra?géf’dri@ja|a%0@fxee%i1—&%15mk€, dat A1 19k0R8€ 1drieg 140 of
he virtual library of the request. The drive table

FIG83-of FIG 6 and the library image table 85 of FIG 7
are updated, moving the drive froma spare to a freed
dr it¥ @10 BERPOH=GY béah HeTicement tihg drive resource provider, in step

180, determines whether *p* - “m" is greater than zere, e.g., from the
drive table 80 in FIG. 6. If “n" - “m” is greater than zero, “YE8Y, not
all of the physical drives have been allocated and a phyegical drive is
therefore available for allocation and dedication to the requesting host
application. As discussed above, the pool of drives may comprise only
data storage drives that are compatible with the characteristics of the
virtual drive. As an example, many of the physical drives may be

streaming drives and the requested virtual drive may instead be a

stop-start drive.

If a ph&sical drive is available, such that *n”-*m”>0, the drive
resource provider, in step 185, allocates the physical drive to the
virtual drive, dedicéting the physical drive for the requesting host
application. If more than one drive is available, the selection of the
specific. drive may bé made in accordance with any appropriate algorithm.
As one example, the drive having the closgest characteristics to the
virtual drive may be selected. As another example, the drive bhaving been
idile the longést may be selected. The drive resource provider thus

increments “m" to the value “m*+1.

Upoh allocating the physical data storage drive in step 185, the
drive resocurce providexr updates the drive image table 70, 71 of FIG. 5A or
SB. As discussed above; the drive resource provider thus maps the
allocated and dedicated drives of the poel of data storage drives to the
virtual drives of each host application. The updated'drive image tables
may be accessed by the drive image providers periodically from the drive
resource provider, or each drive image provider may access the associated
drive image table as needed. The drive table 80 of FIG. 6 is also updated
and may comprise the allocation of the drive of step 1B5. In step 187,
the drive resource proﬁider indicates to the library to release any hold

. of a mount of a portable data storage cartridge relative to the request,

ags will be discussed.
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5t he pool of drives "n" to a value of "n"+1, and
assigning the drive to the virtual library of the

request in colum 97 of table 85. Connector. 205 | eads

to step 185 of FIG 10A for _allocation of the now

freed drive to the virtual Zdrive of the requesting

host. application. 10As an option, the drive resource
provi der additionally, subsequent to the allocation

of 1 he SRAi&1dake: stefggaidré Ue, adanlatlep-a260ndisasidsby step

180 gﬁeﬁ'em i ”Qh Gathng %ﬁ»ﬁlg?feth.a? SPALS, daba, Shel@a¥eng that a
osted message, In o0

ermbo
req‘@éhﬂ‘raiss‘éesanareﬁé’ﬂ’ﬂ ¢at i atta SE ﬁstdé%ﬁ'errgiﬁ%\nggﬁl (Raf’® o=F®
storage [GuvempE bdet pRanare al lasaster the dphe Tt PETHGe in
steﬁjﬂ.bo/elﬁtﬂctah& 15pael 1iAsrancexadpiey, meungnsff @rpqug:ﬂa data
Btoxsaggrc%{ d}é,ﬁ zte‘iatll.% POQhe WickhedteSUlnt thik AshreRCtRa@SQBrary

doesdp?ti/é'nfrélf‘aﬁr ce :g\rllxdiCL wotut.ﬂs geg@l@%nfo‘@émehg' Jgigﬁe aEan,%sor

Rer manent g}[i cart 1% e B n no
robagatd selsICa e &FFWdtQPrfﬂ%lepﬁéb 2 SHETRY iR TR drive as
physcsparivelab avel bitdgeatd Mhid, t2OPHPtaABY Héftréﬁ%%m Fresygntion
of Afo@R WGRRE iaveridehprfpostcd pressaige Badin iodnidle yocessor
robo%omhl §%r@r1‘&@gl ttcl Qgtrxlogﬁltetdh@ﬁ ohaldrive WRild amskate bb®ssor

par e drlvet wake the drive
robcﬁ.nxava}a? a{'ﬁqﬁ y O? %exeoaurng atJmerr %%%@ar‘icﬁen SI, Lgé"&? ke the d

of it dpmvis SUHASL Y ovIHFINbOn ADSSREATRT T IFE S
respoh8e 3 & efrogiddde as tthe eugp aregueidt awideh iPXgeeTiei ¥ é"’f%“’f‘ﬁ]e
“conﬂlQ:QA" 1888l 6% the idbameé gheed tconfantihe-adatraly sheodegjg with in
c,rde%“ 3 35 aBiA02L eavqﬂa\s@e asluc;nl Battrma gﬁbg&ﬁdﬁgmafﬁ
Fiv econes _unassj gn s i

the ﬂ‘g‘é‘?} b? rgbgé}sg dl‘;ImV gg@% ? n? QU8 S&s \éethaqz drive is
allogpesfet BraRAE F??ﬁ“ﬁf%ﬂ’r%‘fléﬁr'zéﬂ StFﬁ ’t e %R?éﬁtmt HseHs o
vy SPafHR difivéeinage atihor fezed Etablst 2 oR3HEG- TR frert tBDENEe
1mag|en‘$§'o%g§t§t di:&:g.HMQ fatStRP 203 Rasureaphedideheis waiting for
a frp‘)wt;ddeterm ned l'imt of step 254, the drive resource

provi “der’, in step 282, awaits a request for

~deal | ocatl on of a data storage drive and denount of

anyampory abkEordAt B STHtANRS BaY PF PRLoHy thgllocate a physical
drivdgatdtbeattesn dabh et birageord pi reseiylgeiligeatiss ¢drg to be
gea19bOLREE HhiME 21térnA0i eI MR dmdiseadhe@snaiber rindady bye
i 8 rocess continues to | oop. Upon ‘
mp%gﬂgf{l gc%{ f%)pn%éfgég drive, step 282 | eads to connector '

205 of FIG 10A for allocation of the deal | ocat ed a

datt ssem B ndi FRAESt Pt R GFTteudd Apiive's 0 FORITE Hoét
lead®@PPd iFT@l 108 anduestem@1e heSthr ¥&0 ralaftegptol 8Be sappption in
whléhnvgix%ﬁ.&i ri@b:!a&ﬂe@ eorl {rﬁl’tasy di-Ovdsehansgsiighed helstiol any

prlog'?txes, telln\é: ea in cglulzng oeléeéf l Qra%:ﬁzeﬂuat!;g?tabﬂg 85 of FIG. 7.
Thus, with a plurality of virtual libraries, wheére at least one of the
virtual libraries has a higher priority than other of the virtual

libraries, the drive resource provider, in step 210 determines t_he

: priority of the virtual libfary or the requested virtual drive, and

whether the requesting virtual library or virtual drive is of the higher
priority. If the requesting virtual library or virtuwal drive is of the
higher priority, the drive resource provider, in step 211, selects a data
storage drive from a lower priority virtual library. In step 212, the
drive résource prévider deallocatés the selected data storage drive 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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26 drive at which any held or any future nount is to

be executed. The indication conprises the posting to

the drive table 80 of FIG 6, which is accessed by

the library. As a suppl ems%;al alternative for a

rel ease of a held nount e indication of the

dedi cat ed physical data storage drive is 5provided

with the rel ease indication comunicated to the
demobdth! & Ytep 215, anFliGrediler ditat ewrege GetiHi 8Ty e
dealfoc%@éds aQfa SLERGE0EivONe TR JR € ifdgeaptintisegger isngp 216,

ent conprises pop-use _of, ea QQtsﬁ §$ I @S&e
charaftegEEp ot i P SR B TR (6d 1S %‘%ﬁgh‘gﬁggﬁ% ons *

one
its mz;lgofeppﬁecpﬁta.og 6] t‘%ﬂﬁ)F@ldly gp etepq a tfhunc J.ve resource
provmpillsbitgasathbs agﬁloﬁataddqiamestpcgagqj artvef £ tprh hégkéeﬁ
pno;;llr]]tg vﬁ@gal 1055590 3ldneck8S @S Pealih rer stfepr 18shathede i the.
o tBad? él'% ontx'r%%.s dlt.‘:pv ! 5@(1‘:&3 th@uetdtHﬁd' h@&ﬂ application

) drive dg; dedi r?:

period has expired
in tmlfetiﬁ‘@gelvé‘r%gtaé%}éntaé‘dcﬁﬁpf’?]sdeo aDEWf% r S%qeuest "3 155
any WRRDsRbed Siherapaltt bageef APt HEIY IRTPYAST oIS %‘I“SH as the
resulPVE dtlEs G5! rds@dnd @sANOt her point, such as a
st orage shei ;" a RELEASE command 316 to rel ease a

reserved vi rtual data, storage driyv qga\eg 11
r dsediseurirdi Ao 1% VRS A Cus ]gdglg%gmgy "DENOUNT

assigomnEITdst ey EBE IFUESVY REd B EhE T BFEY B

spard Qlri es; Obumide oEC@iw ecblhy THea, dheV& LV AERFEOBICE A AT IS ™Y

al1o8dt8Pa §r@fdr3&lﬂc§t e, rdfi@st i baarope wsporier ewakyidagvasheay
%é\l\/ﬂ) 'cagqfr 18y DEs atsgfgiﬁayﬁﬂ CaderG@tiartyor age

oo oAy qgdRC R ED he) r 43k g }Yeerecﬁiftystzé@tasﬁ' ke pigh

situgfdipBeint Al%ﬁ’faa‘f’l’(ﬂﬁh@ tHe data re our ce”provi der  of
priotity COWHENGibYRIRES EATEC oM EP G0 L STARY
requésQ:Q!si@S.Ilh:&@lf pliease cof virtwal tarave dpjsfehigh P’é‘@éi”i)’edsw 230
getet %egrv}h\é@hé{f&&@ B DVLERS dirfves L2puilErieda.FlBetBer Fheawot

rive. | d ati Pt.einl TheSEaRrikidd cidaat eet
prlofsstYaO% é: os ll cg \}:eg‘g’ fé&é}ﬁ%%o éor x%m]}’]% gl'olmvg‘olmm 89 of
auth?@@é&*@eoﬁrsﬁ?/ﬁfef“a’f et R4 | 30 of

librddy ikdpe dabilees¥ @$othce’ provi der det erm nes the
virtual drive for which the detriggering event is

&l q:%gua'y sLQLeesr RAMeStdREoFIGS, thBisSuby piagdel Yimited. As

de ermned, fromthe eldy 239 ow time BbER data
one QAP é‘r?ﬁ“]’?e%lgv\hetar?% mg%‘? tzg§l etj %h ogzlérqégi 243, If a

storagr Brivkgec ibs delArerter P E R
ariveleiseprddaesl ihafcaeramyl stepf R6M pﬁglepﬁ:q;:r 205 1%0%% Skpp 185
of F%é QBA oGall:laca& REMIAs Geiveandrfvnb| atiew esr bt @d i n

denpunt Of Or $,30 = Y k@1 RCERS pOFiod ha
lnle%tﬁ"&t by ga% atStS? 2t4§' %%fgﬁ%gl‘%‘gghg chd1@i yefio 8

hat . no .
expiced.t rlﬂgeq §‘Npmuﬁpécprioﬁes(%gycalﬁsv‘téackﬁ?e oeiphztp.“ to wait for a

freed drive.

_ If the time-out period has .expired, gtill another limitation on use
of a spare may be employed. As one example, the use of spare drives may
be limited to a predeterminéed number of times. BAs will be discussed, the
system operator may be requested to add drives to the pool of *n” drives
and prevented from unlimited use of spare drives. 8pecifically, in step
253, the drive resource provider increments a count each instance the
request for a spare is received when all of the data storage drives of the
pocl are allocated. In step 254, the drive resource provider compares the

incremented count to a predetermined 1imit, and, upon the incremented
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detriggering events may not occur with a portable
cartridge nounted in a drive and may not conprise
a-dermount. If a cartridge is nounted in the drive,

the drive resource provider indicates to the library

that the cartridge is to be2denounted in step 326.

27 In step 330, the drive resource provider
deternmines the drive inmage table 70, 71 of FIG 5A or

cou58 He@hg 11865 Whah Uile pifdaeermhied Dimitheinphys esd, dIliocetes the

spar 1L azftsp&o%f élrzvee@pl QY m@uﬁhmmy o@rtﬁeereqm@ The drive

reso provi er
BRIV G SN ORI e —
movies tthapplive drpore sire e iav Erqedsdiive e tprRVREEYY, ipgyementing
theSpR) 3 Jritdennt ndi £ atbse bhatn”the atd laveidngnd reéedirive to the

VHQ&EY emmat NG 'éﬂé rk e"sm uilco%l onak lhn1d fssSpabenector 205 -

rives are e eter es whet her. t he
veath 61 Sy B BT V6 vt K pLirear et HHE et s s i o ene
virpgalydyiyet o tie | XAgueipy é“’éF i GPHEARE S at us,
decrenenting "n" to "n"-1. If the drive was a spare,
thgg Sa&ﬁtagmdapeem A1 vidBYesoUPSL gHenRtby a&&ﬁﬁeﬁlﬂliro dubgequent

to gle §fﬂ)ea 1onsggg:l'%6%ag‘g xﬁltg' stl:gggeaﬁp:w@ddl Esmfagsts a

spare drives driv WBS n%e sted

‘“es"saﬁﬁr PYHFRVRT e °8r'ih§esl?j‘§§ o‘?flhﬁ tBF?ﬂ?l S ehr 6CeeR
mesghgeecin ypne¢ @rbedimenys copgrigeep BASFiqakion éalaegystfs Rrager
thatlpeat @dmagivehedkenetalkpinzget e sphrievinthostiorggeodi gientd the
pooﬁt awd%na&a&p§@art§axwfb¥ﬁnbna %blaiv’éi‘ atakl e &fe q&‘ooﬂu@gl Qresult
i ndicatin i r Lhedrivea rive

in a.nf 1&<|1réas% c&?‘z}é@gfg{e— Yﬁar@?y rgggﬁ%rﬁ %)Jé]if:l g ig ﬁd(ﬁéa l:l?e d:
TeseHTED AT T Wﬁtc}?abdg R
pool,i Bpkatjng Sheplge It 2FtRare 1dZ‘Aa r%ﬁf%eﬁ‘f’é’ea triggering

event 160 of FIG 10A in which a drive is requested

W Tl ok ReK emiSi perd) lad SneffitealveNttht Gocdt &P nt8&sgef
addﬁ:llg‘halji%cf Eléjé?adh%tkflﬂzat:hﬁl gﬁétV@ailQr& he Uz?aﬁﬁs%@l the spare

A aght Lonal !y, eRL! 528 abqghggrt&e piCs

rev
driye ot ht’é“eo?oog" v lbfe as 1flustrate

storggp\Fived| @ B0h6f SHrE Fesovise Pr°"1derSt‘épp? /AR5 eBFe Bf G reduest
to tkaBsfegpaedentts oae durre (gt istgraoreMive0® 8fe PPeY. daletps the
assifin€@dt af HhieV@atiaS stdhgasetvdyy at he strost dxdppl isoab ithat the
assl\@n&lﬂ s@a{ﬂe.e lease b@f:ontelae\n{aggfgnegt eRs 4 bciBRYpa AGUE, the uses of

di a S o) e
Sparﬁ B NS ]("?mli r tr'%g piromm%qfeﬁcﬂqag JEDLJ?%' gréée

of the
In the event that no spare drive is authorized in step 230, or that

the incremented count of step 253 has reached the predetermined limit of.
step 254, the drive resource provider, in step 282, awaits a reguest for
deallocation of a data storage drive and demount of any portable data
storage cartridge at the deallocated data storage drive, freeing the data
storage drive. If no drive is freed, as gletemihed by step 282, the

process continues to loop. Upon deallocation of a drive, step 282 leads

to connector 205 of FIG. 10A for allocation of the deallocated data
storage drlve to the virtual drive for the host appllcatlon requesting the

drive in step 185, and indicating to the library to release the hold of

any mount relative to the request in step 187.

In addition to releasing any held library mount, the drive resource

provider provides an indicatiocn of the dedicated physical data storage
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30l ock. If so, the lock is released by the drive

resource provider, in step 412, at the drive table 80

of FIG 6. Step 420 represents a detriggering

event 300 of FIG 11 which does not conprise a

rel ease of a lock, such as?d DEMOUNT command. Step

421 35determ nes whether the drive is | ocked,

referring, for exanple, to the drive table 80 of FIG
drive at ﬁvhicbﬁaﬁ%f h¥ed ics A6t thaglethunt hie pr beesscafedst gps
1nd:.|%§plko§4§0mg% CHélsc;thé'laoét&ngomuﬁé &Givd taiREafRYI R, 1 6 which is

: d
ccpgek S oty ULOSKEd L sheb 129l B 12Badhecs

held mbies theeindaratimonetd the dedhgaadi Wgﬂt%b desp. Stgaa%anafm is
prodib&l 40k ithe rbhearﬂbynd;e:aaiqmswmksdtect) tpherehbidtrary . :

appllcatlon - The steps of the above
proces e r nmb
P oo R Rl gtl 2kl ggrma SRALPRECBD R0 'cﬁ@dexﬁﬂldl of

a deéﬁfﬁgarwnf'gan&fcwéliﬁseggrhpg? rﬂfeﬁtqeégcaﬁgd dl:‘;ll a sto?ge grlve
for | presererined pimferay Periqd.shbupee B@b%ﬁaﬁ%ﬁten'thet Rgpietion of
a fudBdichi &abtRAays andsagapt at idohe o idhosdiehboditeprilg, and,

in s@%‘f?ﬁggs&égg gn%.fméklﬁlolre%atndﬁl% ar’i‘tleﬁM Ewilﬁeﬁ?ﬁhhﬁg to
e I nven
e P e P S S

Other detriggering events comprise a DEMOUNT request 315 to demount
the cartridge from the virtual drive and move the cartridge to another
point, such as a storage shelf; a RELEASE command 316 to release a
reserved virtual data storage drive; and a drive release indication 317.
As discussed above, a DEMOUNT command is typically provided to the library
and is not a command received by the drive'image profider in step 135 of
FIG. 9. The library, upon recéiving the DEMOUNT command, determines the
physical data storage drive dedicated to the virtual drive, initiates the
demount, and informs the data resource provider of the command. A RELEASE
command or a command requesting release of a virtual drive is received by
the drive image provider in step 135 of FIG. 9. The drive image provider
determines in step i43'that it is a detriggering event; aﬁd notifies the
drive resource provider in step 149. In step 320 of FIG. 11, the drive
resource provider determines the virtual drive for which the detriggering
event is intended by the requesting host. This typically is determined

. from the commd itself.

Step 325 determines whether a portable data storage cartridge is

mounted in the drive. This may be determined, for example, from the

library processor 45 of FIG. 1. A DEMOUNT command will have resulted in a

demount -of the portable cartridge by the accessor robot, guch that step
325 indicates that no cartridge is mounted in the drive. The other
detriggering events may not occur with a portable cartridge mounted in a
drive and may not comprise & @émount. If a cartridge is mounted in the
drive, the drive resource provider indicates to the library that the

cartridge is to be demounted in step 326.
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1.Avirtualization systemfor directing conmunication
bet ween at | east one host application and physica
data storage drives of an automated data storage
library, said 5library storlng a plurality of _
portabl e data storage cartri’dges in storage shel ves
and transporting said portable data storage
cartridges between said storage shelves and -said

phys 's@ékl) 14 @t &nst 938 ereg&hﬂbasproﬁ‘rm&'r li&.lelﬁ@;neat tHeedsitve image
dej V LIROE, RIOYL det Goupl,¢da ! arﬁfy, doxatfoi RS tonYh a1

tabll’?oi? | i on, "providing an_image at |east one
drivej x%étﬁfs WH%&I“@&?& the FHEEr V&%t 0 said at | east
one host application, providing a fixed
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rive
provifienc iy rﬁgezéﬁﬁunﬁheaﬁn&h“&&ﬁmﬁ’éﬁ g EE‘% one
decrlfattiagphi cat Fonh-1andaphysiléa 1éaqsar3tdwa§?e agt icpRieYY: step
340 @e.@é}%né%f wheﬂ:hex?&ih@ @Jh)lsdamled datoe Shorageedaiires Gff so,
step %Ll rg'y\}r%g%thed%g & t.l.?g gﬂ@giﬂagr@a){us ARl RAnehtiNg *n” to

r 88olrce provi der cou l.east one drive.
0" - g fé ﬁ’reog%"’d’érwasata %‘?ﬂ?eoﬁé‘etﬁy on SBFFEAT Ve Tesotirce
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resogLQJ 99&;&1&} \ﬁggceeﬁgddlr@cﬁlym:o Qftep aded. Paal s1Rp WSy neatables
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driveepghtientahls 89 1OFi Hfer § ng= PR EAGRS |%8ast “one
driveosdblapi Foat son requesting one of sai d VI rtual dat a
~storage drives, .dedicating one of said "n"-"nf

phyl%l Ca.l Ad?}é:grépgr% 89E lgg}h\ﬁssaan u&%ﬁﬂlt@ogldzﬁzg 38t LheONQ ve

20 virtual tora drive, rov INg an, . cring event
to aj witeat ildhraHer eBFP 49 %fal Earthes rese Fovi der of
160 saixieviioausl wpmksac@#wdatsarwrssij’ewwq 9eP ockaj Jtem 0k is
equlkrme o ovigless draract 64 ZonPeditad ickedhe atréve phytdiece]rtual

dr:we,at S}l&&l,@g}%ag{} \ég xqséélaqd{ Uﬁ@t“haﬂ: h@egtthe drive table, as
Vg tyaldrive, said

F Icatiogn as_s foggwe ng
illug ’ﬁf@d Frade V5 ovi'd der rec ¢oRfnI ¢ation to said

dedi cat ed physical data stor age drive by said

r estepstliongr Fost IRBptipcasdnyn asletdiodeningteraprt Baf ot FI6. 11
in vRi & 898-19e G ict\!feas@@dvyuwh&@:l dppragersshi wigghhoOstlease of the
rock2PRLLEALL O T & %Suu&qléte\iw&@lem@ﬁla &oSLQUAY, diridv e

prlor to Sald r|v resource provjaer edlcatln sai e
compﬁhwl aﬂEtﬁ’a‘tlﬁagjt%’r ngf'é‘ha’ht\?& cdgrg?rt# ancz uges a ele ge o@ t(ii:

lockpr OMi ger thhdrak tier Feienged &l d-hfi ERVEL r‘%&aP’é:esPWé@ee‘ in step
412,054 et iS@itdpI€uest irmg. oSt application as "not
ready". 30 2.The virtualization systemof claim1l,

wherein said trigger ;even r eqyest; AYaces
sai fPr ¥JuEHTRG osté‘atg pidcat] %ﬁ%obﬁggﬁtq?lg glel eoted

not gpreprofe %Fﬁleﬁé? tefbpelog ta3“§’f‘cﬁsa©ém@3Wr FogaRd-a P 421

deteYhidedabhetlBé A tBE Qlrage idr ladbed amdfewren®i AosEkeEdr| @ the

druJée:ga%ECa% PE Q¥idey. agdichi onald sl ndi cadkes, frae matabs of
that sajd sele tetd dporItf Quda égg,EQ 1%1: 9&,@'@ and not

stepg 3407 Pty 8T | Fé‘%o“oé“"'r%’ﬂ'n J at “sal i cat ed one .
unloghéd i retep M12daf FI8t &aagether reAuestsr ¥5PH FolbM™ ucr’fﬁl in atep

425, and the tables are maintained unchanged in step 426, so that the

drive thereby remains locked to the host application.
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3. The virtualization systemof claim1, wherein said
triggering event conprises a "RESERVE" request by
sai d requesting host application for a virtual data
storage drive of said driv%siwage provi der, said
drive image provider notifying said drive resource
provi der of said request, and wherein said drive
resource provider additionally indicates for said
| | BeAbYedshad tRaibodediroasaes playshe al tedad anssogeRe o
comtAhsd Gnd Sndedhcal eded0 8aiLpvégriibad. data storage drive
or nmounting any portable data storage cartridge
sel ected for nounting at said vjrtual ?at%eggquggekmen
dr¥vide the prefersfd pERASRRetEoPt SYRPERDH ¢1'al m 1,
illvaherelinirsabchil r iiggendug oy epparedhshrs 884H Irg vight &3
adapg¥t SRk Gk J eEHseSERgihast @Rpbitaat tornd ekidledi it Geg art
wirdl AELANAIC ] I%E o @R UNEREIRcs dirtibhvions a5 6ur Gerth in
provider additionally indicates for said library that
the Sl PVRbict3™d physical data storage drive is
dedi cated to said wirtual data storage drive for
nounti ng any portable data storage cartridge sel ected
for mounting at said virtual data storage drive. 15
5. The virtualization systemof claim1, wherein said
drive resource provider additionally responds to a
detriggering event relating to said virtual data
storage drive conprising said dedi cated physical data
storage drive, said drive resource provider
i ndi cating said physical data storage drive is freed
fromsaid virtual data storage drive, and added to
sai d freed physical data storage drives of said pool.
20 6. The virtualization systemof claimb5, wherein
sai d detriggering event conprises a conmand by said
at | east one host application to de nount said one of
said portable data storage cartridges from said
dedi cat ed physical data storage drive, identified as
one of said virtual data storage drives, and wherein
said drive resource provider additionally 25 provides
an indication for said library that said one of said
portabl e data storage cartridges is to be denpunted.
7. The virtualization systemof claim5, wherein said
detriggering event conprises a command to said drive
i mage provider by said at | east one host application
to release one 30 of said virtual data storage
drives, and wherein said drive inmage provider
"notifies said drive resource provider of said
command. 8. The virtualization systemof claim?7,
wherein said drive resource provider
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--addi ti-onatl'y notifies said library to denmount any

said portable data storage cartridge nounted at said
dedi cat ed physical data storage drive. 31 9.The
virtualization system of dz%gns, wherein said
detriggering event conprises nhon-use of said

dedi cat ed physical data storage drive for a
predeterm ned tine-out per@dlaiIM$10. The virtualization
systemof claim9, wherein, upon expiration of said
predeternined tine-out period, said drive resource

gr ovi q}e{nrtﬁ'giﬁhﬁérpﬁéiehﬁ’foﬂ&E‘écﬁh@&omnﬁbahbin betweet g least one host
enou

any sald portable data stora r
aimlhmtled apd phyaicdl @é@qt@ag%@vrgﬁ 9@ %ﬁélc Eat gor%%eqlﬁ)rary, said

i Srogi Al 6 piripld daeatgt&age&m«egﬁ b st shollgs and

sing a plurality of wvirt

{rmbpcann@sa;d wmb@ datastorpgepariridges beveensayl q;?rlagebschelves and said

| br r hRkst Bid dfvielig hderh:aupled to said
2]'4‘?‘1% storgage equ a? :Eﬁlgpgsé{ri% d meani_ng ageﬁptﬁ

. ﬂh@@i mlho@taplmcatmm, @gyuﬂpg Meknage atégqsborﬁg’tgqeggf gn'walstgia storage

edi
gq I(.ﬂ(): ?&E@ asz}s aﬁ 1‘?(15{ {ﬁpg%f"ah;ﬁoﬁéﬁﬁé‘ﬁ fikel 1d§ﬁtf§:ggdnghﬂra fixed set

drive re
o resp!od@s twbaail 4t dezat @ hastppplisatien fogeach of 50 alggastipne fixed virtual
O et & éma %Er\(;&{rlg St al{d Bettlen 54iB ragfeyst one host

I’mage provi der qf .
sleakite ahd piysicabdatd stersgsdiies pf Hpaat 9 00 sgg RBYRigal datg storage

5‘?}%8 élgl?d %ﬁr{%@ gz}tﬁggraggﬁﬁrrahfj G S8hde gﬁ‘(ﬁrlldeﬁ’ Ediped to |

Frve edicates said
depht1aeadmRdripd itﬁageqirmd@dr,aat snmr@g@wdwd/éwfedeww provider
Ml el Jal g, SLoka B foQidtWrtual dat
pﬁggpmgﬂﬁy p eIroﬁl gfﬁﬂéj sgaﬁlgﬁé eq{nrragg al data

RbQYL GieVes CRar@Ctar bizeakl Iﬁ:al of plrwmah data gtg{age driggsdpdicated as freed

d f d. t ual n

bl D ep P AR S der (bR oS dithering

BRpt bGaidiaORafons aoﬂ ab;ﬂmmrpﬁq@sungwn@ pf saidhyirtpalislate sjorags
n\%srée%acgy of s§g "I-é:hg?'ﬁ/ gglgﬁldhﬁ k428 dﬁiféstcﬁ’ 'I!u@fpool to said one

resource tpr ovid | ocks
QHﬁalQ{atass@irﬁ%eﬂﬁmj sravidoigtaa irstictionybergef foespid @wagﬁ provider of
said virtu

o o 5 SRR A S e g o
dEdided physical data storage drive to said requesting host application as said one fixed
virtual drive, said drive image provider directing communication to said dedicated
phys-ical data storage drive by said requesting host application as said virtual data storage
drive; and upon said requesting host application requesting a virtual data storage drive
prior to said drive resource provider dedicating said physical data storage drive, said d;iw_we
image provider characterizing said virtual data storage drive to said requesting host

application as "not ready".

2. The virtualization system of claim 1, wherein said triggering event comprises a
request by said reciuesting host application to mount 4 selected one of said portable data
storage cartridges at a virtual data storage drive, and wherein said drive resource provider
additionally indicates for said library that said selected portable data storage cartridge is

to be mounted at said dedicated one of said "n"-"m" data storage drives of said pool.
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13. The virtualization systemof claim1, wherein at

| east one of said physical data storage drives is
added, del eted, exchanged in said pool of data-

storage drives of said drive 4gesource provider, and
wherein said drive image provider characterizes said
virtual 30 data storage drives as unchanged. 14. The,

Vi 1 t ualrhe aktugivatys§yetennst ctdimi lywheeinsalteggervgiedent porperises a

i mage_pr.ovi der characteri zati on copprises: [ aTo Y- PIENSY
SRR Ep e teanet by o rrouir ey Balate) &Yy R ARY gParive of
\hititdialb irﬁ?%e%r&ﬁi&frm AHviei@sge prodiddrmolifying said drive resource
virtualization system of cl a'l mﬁl

3, wh A . d drive.
* ipnesider pf o EraReso AR Hbper Sy TSP Predideg Fffiapnliy ticates

id%ﬁf#%f%t £4 a8acR-Qfhysiol dataneiaaeide s dediealed thedant virtual
storage drives. 516.The virtualizati on'?_%éit enf&of "
clataisorage daive Fasimouang i Royable fagetopiEs FrTEdee selsripd for sounting

2V « L\, id at |east one host
%‘b%ﬁqggttﬁ?lgﬁ%asgtﬁégmﬁ?éi n said drive resource provider
conprises a device driver 'of one of a plurality of .
ai d hast_. L.Gat | lairk 1. whBein\shiditHaddriad bvé@Ncomprises a
%stem?l?)‘%v%@%g%ﬁ%?é’@(ﬁg}oécn?safg dr'linve ingége %r_ovi d rp .
iraques iy siid esjuestihgliosiappiication fosf virgjalidaje sioage tirivm and wherein
host, appl i catlan; i hics@d fbr Uid WBralPHAUhRRedicated
6?@&?&%&%‘%@&@2’3& a %:t.*ce)‘rgrgﬁnen.tc i_ntérrredirate sai d at
lphgsital date stoogt deippisidediciterhiognid aruad data stomge dVier pountng any
star | ibrar i loluhtitd 2 4R b RMaPoket ReTh & drive.
@P‘g?bﬁg%ta%rg eefg%rﬁédgféglgﬁtld\)@r%ﬁ%gﬁg@provi der and sai%g v
15 drive resource provider conprise a conponent

i_nt er nedi at.e ;saij.d | east.. one.hgs ' b@Be Aodid
Sai d g)g GOWEP%J&E‘ Gt Sg;stégfnooﬁ%merﬁﬁl’ g?%?{r).s%m&fgfésbrheeﬁﬂ er_
il diticallly zaspoals te y sbeimpatngeeaitmelatingip esidivitushdate derpgedrive

| mage .provi det - ' ' (AR sai :
BB B S gt nen, e et sy
neBeiting &id poysicabdate siopeé dive ia freehfsern snid. visfuakdgtaistorage drive,

9 PO Pt eSO Ry Sheaf BB oy 4 arive

image provider conprises a conmponent internediate

gai d | sasti ons, i i hQBindR R RBRBAprises a
dat a 2-% bt E%T@ﬁ?%wgé&a%%ﬁ g?%lil‘%glga ?lg dr ig-\g?g%rges ourc ep
Rb@MisfEby sadmribaesnehastapplication tode mount said one of said portable data
storage cartridges from said dedicated physical data storage drive, identified as one of

said virtual data storage drives, and wherein said drive resource provider additionally

provides an indication for said library that said one of said portable data storage cartndges

is to be demounted.

7. The virtualization system of claim 5, wherein said detriggering event comprises a
command to said drive image provider by said at least one host application to releasc one
of said virtual data storage drives, and wherein said drive image provider notifies said

drive resource provider of said command.

3. The virtualization system of claim 7, wherein said drive resource provider
additionally notifies said library to demount any said portable data storage cartridge
mounted at said dedicated physical data storage drive.
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25 said automated data storage library. 21. A
virtualization nethod for directing conmunication

bet ween at | east one host application and physica
data storage drives of an autignated data storage
library, said library storing a plurality of portable.
data-storage cartridges in storage shelves and 30
transporting said portable data storage cartridges

bet ween sai d storage shel ves _an [ S cal :
$ or agdhyyTHUE: U‘E’ﬁ%ﬁ?@?&ﬁm ﬁe“’%t@%éﬂq%ﬁ ?%?gééglgncg?%gomp nees
9028 6k Bid de@id@bd pmgichianta Agpgd drbveif@m, predetarindieddinggrout period.
i'mage of at |east one fixed virtual data storage
drive, providing a fixed identification and a fixed
56t Of ThESRRISS%onl Qsteiolt cRim bewlsdreinnpoh efiiration of said
application for each of said at |east o .fiﬁ?d tifies said
wradeigamingthtime-guireage saididpys resqurge proyidgg adgionally no _
91‘3{:%?}‘5}:' SftolAin D S1iNBSRbIAd fa AbrabCaSiid@@oNN&d at said dedicated
appl1cation and said physical data storage drives of
phyaical 382 slotagndiived data storage library; providing a
pool  of "n" said physical data storage drives of said
automat ed data storage library, at any one tine .
dssi gnimmyivivalizatinnswstom ef clgrm dAdditigeally copPRRpS A Plrality of
daf a1 il A06ndkih ieRast BRKof Wi virtkal RbraSé i¥ afk0@lkd @ highat fiority,
g%orage rives indicated as freed and ayvailable for
aschi thateon "mf'-¢s homdingyzere meaning dyball ofgadnbysica)da@ sfogpee
t..5 | hGRf bA@hi@A& Riority virtual
8 <R ot 45 0 RreBNRIoh G4 lng BHESE LGN Rlorky
dinfagly, 'said dtivd reghyesi pravideraleallosaios apeysignl dptastorreadiyy from a lower
ool. ta.sald gne vi 18856k i id6f d£%8id deallocation,
gﬂglﬁ%@?g rvfr;l%alnlgmg‘gi %Jt{c’ﬁgglgaég%ge %ﬁ%ﬁ%gﬁd%%f}ég st orage
gbtifia saiti dibsay © deequelsy pgrihdsdatagpregecriridae femegiddeallocated
ope. fixed i | deficafll | b AhiaQBbrgR drive to
3Rl i sl M, B oflcafly ERE LGP Bk dhrdg drive |
saduizsii dup sosge diyplforcaid haghes srierify Hos) pprligatiory ghdywherein said
t.orage 10 I we: .S h tyirtual data
35t PG PO L e R R e %2#%@2?%‘?%?2% Ve
Blotage dtioe afxaid ddeliticetad physicat dgta sferdiediiverig said pept application of

'§$¥§%%$£H%$%%i %pﬁﬁggggm&&gmwgharacterizing said

storage ive to"said requesting host
application as "not ready". 22. The virtualization

t hod..of .cl al 21, i i tri i : )
o GBSl P SOy ot ot

| appbil safitphesicdl datasiordge drived te oneof seidevingfal dain opae deisesuch that

st gl e A bR R LT, U O ses

the step of indicating for said library that said

sel ected portabl e data storage .cartri .Syl :

Tunt cEh S BB b e oo rs g Biysical date
SRR aRvedni MRsd, aleletad] ekchamded iP@id RB1 of Hag storage drives of said
virtualization nmethad of clagi.m.21 wherein i
RV e eRPreN i 0 orsTLL #Ud veaggﬂgwd?rec&ua%%"{eg%@s said virtual
E5th drof-BE UAGLsIBUndMABEedappl i cation for a virtual data
storag€e drive, and wherein said nethod additionally

conprises the step of indicating for said library
glﬂat- SR iREH- A RhAYst B S biamh 13aiterct Qidgiredmayeprosider

edicated to said Virtyal .data stora drjve 25 for .
cloamstdrizgfic SRt ABINOYIRH % ASRORAYE S BPTORS dorsarh ot i

h Eﬁéhan”é’e‘d%&%&& stﬁﬁkgdfﬂ.rcrst ual data



storage_drive._. 24.. The virtualization net hod—of
claim2l, wherein said triggering event conprises a
request by said requesting host application for a
virtual data storage drive, and wherein 10 said

met hod addi tionally conprises3€he step of indicating
to said library that said dedi cated physical data
storage,dri.ve . is.. I.cat ' | LEMak :
1oy agaTti GRS BRI Tal 15 e Fhe el provider
c ahidridtetyatiantoagirdes dngrioyimginsanepddiessiar cachiof sawhinchianggd virtual
storage dri.ve. 34 25. The virtualization nethod of

c A&p §105E¢ 0% i onal |y conprising the step of
responding to a detriggering event relating to said

irtual data st  dr i
e i g of Gt TReRGR i Btk ek 681 A
d8dpiEdel g8cetiriweof saidfat Bast ohe bowt slidaticing tiawheksin seid drive

storage drjve, and added ta sai.d free si.cal,data,. ..
s ff'éwg@@remd?ww&rs%ﬁ%awﬁ ggyer of ope °fwear¥’i“f\%£‘?9t°6 éﬁ“ih O pcations.
nmet hod of claim 25, wherein said detriggering .event

conpri ses a conmand b¥ sgrd_aL |.east qgg.host .

abpl i catheohrtialzaHoRsUTIEm ShP AL he ST S NG PR ROYAF s
SLRhRELs £ advide HRSof st Rast@nelBekt sppliestiduysl winkein sdididrive
storage drive, identified as,one of |e .sajd V|rtu?I .
JEESRUIS] P HgE COFDYES 2 CRRWONFIL fksTedigte Jaid 3t J5ay one host application
it LI ORI o LRI UnSESIbrg. Step of I ndicating for -
said library that sard one of said portable data

storage cartridges is to be denounted. 27. The

Vig t ualfizakhanBhRedeR b At Mwdkrein &l &iive iBaidprovider and said

~ detriggering event conprises 15 a copmmand
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[ L by said at
| drineiresNECeIpEREAe SPINPASE ORPPRET! infcsmediats sad g least ppe Bost

VAL &8 hihRYRd dhth \RFage BiBMryther ei N sai d net hod
a%ﬁ%#?%ﬁg??y conprises the gtep of indicating which

one of said dedicated physical data storage drives is

I epr eseffe8fnARzaRh dyitirh bEdhinfBvthefindabei@indg: frovider
freeing said indicated physical] data storage .drive. ..

f eopmnrised adsyioerdgypr efsuid 2leayt 9pes P ?ﬂ“&ﬁuﬂﬂg efrin i drive
i ndi ; | pShe 0Ridhutongatdddssitstade 1Redy.
H%%gﬁgéﬁggggﬁﬁg%ﬁg?gsggg-drives of said pool. é28.

The virtualization nmethod of claim27, wherein said

Mg hod 'Iglg irhiaRRAloh ¥yEQABE 418851, Whieretit QR @lvelbid proviger _
sald |ibrary to denbunt any said portable data )

stompaiges Tepmponerydntermpdiasrais at laptPng et apRlicatiqnAprd sud putomated
d@attéasfértagé ﬂﬁ‘grygﬁﬂd’%eraﬁ said drive resource provider comprises a component of

said automated data storage library.

21. A virtnalization method for directing communication between at least one host
appiication and physical data stora;ge drives of an automated data storage library, said
library storing a plurality of portable data storage cartridges in storagé shelves and
transporting said portable data storage cartridges between said storage shelves and said
physical data storage drives, comprising the steps of: responding to said at least one host
application, providing an image of at least one fixed virtual data storage drive, providing
a fixed identification and a fixed set of responses to said at least one host application for
each of said at least one fixed virtual data storage drives, and directing communication

between said at least one host application and said physical data storage drives of sgid
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29. The.virtualization nmethoed of claim 25, wherein

sai d detriggering event conprises non-use of said
dedi cat ed physical data storage drive for a
predet erm ned tinme-out period, 30. The
virtualization nethod of cla?ﬁ129, wher ei n, upon
expiration of said 30 predeterm ned tine-out period,

e P el o

] enmount, any said poa%&?lg},f d
dfkald sktemagedaastorie Jeran siring Gua e ASHSHBE pPRUEPet M 01 52l
physical .d torage drj Ve a n.n id phBEof data storage drives
\PIOP]t‘l}Cé’EYSfé’? f&ag?laﬂ@g?} dveg‘fdn}él aim 2%1',33%1 her ein _asaasi _Odrﬁlg _

| kA das GRBDiridsRsilablapboriasalgntnyni3Bspendipig te a fiiggering event of said at
libraries, said nmethod addi ti §iaSd Bfek B dicati
deasianepst agrlicalien %ueggng 0enaasot_fsglg glr{ouxﬁle&o S aig dvirual e

 lohBbAghiES" 2mh pBjsdal gutd sibiapydnendf saprbppol ta saidheme virtual data

equal i ng zero, peaning,that .all - . el .
§g@®¢gﬁ(j‘€gﬂ charaderzing 6853?{88 PL%{S}]‘%I %%%%grggg %ﬁ%éétg rs?zﬁ ¥ festing

g%&PPpﬁc(ﬂﬁo@ﬁi sdidmrr]le fieed ?ﬁ'iéﬂ dritvy, dﬁiemthxga:brmmmicfam}q to said dedicated
eal [ocati ng a _physic ata stora [ .

eomis g0 By S R U0 D e s
ldi_ri%;%ﬁ ubdh HReyREiRMospblicdioe rejatsting hoirtigedata storage drive

tridge f i d deal I ocat ed .physi cal dat. -
aribue sud B SirP A E A BT T L RGOy L e e

ShflYRRL fid HGabOapRlidl sl Fdquaking adan apliontigeasdnotreadytr
sal I gher priority host application, characterizing
said virtual data storage drive of said deall ocated

Bhysi C?ﬂc Qﬂ%ﬁu%cﬁf [A88o 6 ¥BmIN , Whdrein kaid tiriggephg ewtni omuprises 2
as "not ready". to 32'The‘Virtua|izaii§%:WEt?OQionmbbdMa
céquiesby Baid setpstiog aFtRPPIEBHIT PSP § FREELT ROt *T ORI Mg
Aa %fcaxﬁr?dtﬁg? R o i6Alatd Blomags UAVaGRd Fhérviesaidonahel aiditionally

t  drives, that said
. Sompriga trisp T aReR B A LD el PyRLIS adfyase

-Egl%i&gerig kel (1At 88t haskanf otk af 2 h!-"ad diatkisnegeldyives of
conprising the steps of: 15 addi ng, deleting,
exdipanlgi ng at | east one of said physical data storage
drives in said pool of physical data storage drives;
and characterizing said virtual data storage

28. uncRangeuelizatiomamethadef ajim 21 VhgER;s3i ‘ﬂ%g%ﬁ”&

C.F%ggk%%ﬂ ré@ig&ft 6/ Bai gflesting Ro@ hppiitaiacibes iiziualglasadteta@Oirive,
viTtual “dri'ves ctonpri'ses enplpylng a sane unlﬂue 4 ibrary that
sieid hkreimsatienethast addiiionally cogaTi§es eI pie 0 seigforacy
starage drives. 35 Wivetiddddicant koaidwitnadanfstorage drive
é ﬁﬁ?@%?{§%§§§fﬁé§§% §¥gﬁqu characteri zin saiQL. ol dat
\forf oalting eiywestablerer siuazectpTass S5t §C5r¥é°“é‘8g$ geadpgual data
each of. sai d unchanged virtual 25data storage drives.
spra ‘gﬁputer program product of a conputer readable
medi um usable with a progranmabl e. conputer, said

Gomput rogram pro | Y9 WhOERULRI i eama kb &t comprises a
6ﬂograﬁL%%@Eggﬁ§%§P§§&¥h%$§¥%?%or directi%g ? p_
Vquebtadyisiddequestingriiostappivative foxacirtual datesigrage drive, and wherel_n
said method additionally comprises the step of indicgting to said library that said

g [3\'6%/1:1? §ofnprisas a

dedicated physical data storage drive is dedicated to said virtual data storage drive for
mounting any portable data storage cartridge selected for mounting at said virtual data

storage drive.
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o0 one host--application and physical data storage
drives of an automated data storage library, said
library storing a plurality of portable data storage
cartridges in storage shel ve§4 and transporting said
portabl e data storage cartridges between said

st orage-shel ves and sai d physical data storage

gsf | vesy e%ﬁ'tuﬂug&ﬁoh%@eﬁtodmelah@st, Agifibnatistcoumprisiog Fcstep 06
aid automate

data storage |ibrar rising:
espding to 2 detdgérngsy %g F%lﬁt?f{%a Iéalé\ﬁlll‘%ﬂ d%%&g%égsegd’]rg’c comprising

GOUPAL S BhOAS 30 ok 00l g GO et s v

provi ding an i mage .of at | eas
gl Fdrx edd virtubLideta sterageedrivsy @i a&ﬂ‘ﬁ‘dg §a1$ iﬁS?E%ShVSEaI dafh Sttor.age
identifi_-(fati on and a fixed set of responses to said
dives QR BIPY host application for each of said at
| east one fixed virtual data storage drives,’
directing.co ni_cati I16ls-3d détElasdring Beent comprises
Host i -@%ngﬁe Ogﬂof??%ﬁgﬁg’&%géug?ora eg%érni \g/eds Of 1o dat
$ BorAmant naalded 16t @eskt)siraaglécatlmbioaiwlpu@@ﬁ%l%% pt said portable data

r eadabl e, 5 d i ol . ¢
et R e e s
FrShiPafOforalEd ubes,ahd smhmim‘tdan@mopdéﬁtoaalﬁt rpgees the step

Tibrary, at apny one, tine, i ani na ‘o ok tobe
gﬁp@oﬁ’%@ foryyar ﬁ%{yctg:}t sgtgtogg §f§g§f}é@%{}??%@§%bﬁaﬁﬁgﬁuﬂg€ s to ek |

a&;ééﬁh@a- of said pool of physical data storage drives
I'ndicated as freed and avail abl e for assi gnnment;

- conput er readabl e program code which causes a

5? NPUt-Afe RiHAGeSE@ métBod Eadind5; wheaein siid detrigerying sue femprises
2o

said at | east one host lication i .
obormin! by et 388 0 TP APR GG [ el R PR SR G20 storege
%v%aétkn‘& siiftréin Bid B{bﬂfoh%&:ﬁtidxadﬂg csinpiimgthedtepudindifatisgybich one
pool”to sald one virtual data.stora i va
e
gﬁ?ecf%? §0Lint i NRAREIPhy el dath ehocheeliniet feain péig yirwa) data storage

a

a storage drjve t aid quest i . )
_ dripd.ienheaddeng sgid gig*categ Héyqqak%sga %;?rﬁl%eucg'ﬁre E(? ?%% f‘rced physical data

g&%@‘é'ﬂh@&&@ﬂﬁlﬁ%ﬁati on to said dedi cated 15physi cal
ata storage drive by said requesting host

application as said virtual data storage drive; and. .

GRIMPUL Bio ViEAR;6h ME@Ed Bralainch?, whé:reih'tsmusﬁbodaﬂddmnﬂly

Conput er processor, upon.sai equest i ng: to

appbiisea liGteDrod SoRBITGR Y 4 At a1y Spig HERiblg date sorege

prior t i JoTRfst:hee icsldatd spphygsidoat. dat a

§?18F({f§é&é’§?e\c}%f gl2tﬁo char acr:bthgfi ze said virtual data

storage drive to said requesting host application as _

-got fg—@ed&" 18603 fie i@ o £ QRIS R FvhreRGse A efriggelting eveiit comprises
ai m 36, 15%er eln said triggering event ﬁ%[ﬁrtg_ﬁiesdre%%%eq ut period

nOGuesH shid dedicated phyrieal (3t SRBEE dBYFIPT LBIE BT PEros

a selected one of said portable data storage ‘

cartridges at a virtual data storage drive, . and £ caid

Woer ei Thé sitdaliamipu methog KB ofeiah? D FESGEY “%b?xﬁ’%ti‘%q Vi

;)(r)e' otermined GoMRHE Seridd 8420l oR LABHGANF QstRprives G sepubeaifying

said library to demount any

physical data storage drive.

said portable data storage carfridge mounted at said dedicated

31 The virtualization method of claim 21, wherein said library comprises a plurality
of virtual libraries, said method additionally comprising the steps of: assigning at least
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25.conputer processor to indicate for said library
that said selected portable data storage cartridge is
to be .mounted at said dedi cated one of said "n"-"ni
data storage drives of said ol'. 38. The conputer
program product of claim 36, wherein said triggering
event 30 conprises a "RESERVE"' request by said '

SRS LigatiriARRldheapiaiyad spord [/ @qpataggero, meaning
provider for a virtual data stora [ : f
krealoitasid ahysicabisuERREp Al AT TP R d ffon £ gPpIp eventor
C OJ‘%rﬁé Bilod TRuLEfibhAadanbetns aghpicat dale siatige Hrivaligre lower
% ﬁpu err‘&grocessor. to ind'.cat% Eor sai d %ﬂr{%@&étastorage
frivatty sad virtia dibeay. @AY TR A ?P%?’rf‘galéy TIVe. IS

dedi.cat ed 1.9 iSai j d dodbodridgeardirdedieatingg sal

RS %mé%@ d%@rc’tq%t\é? gﬁﬁgﬂa&% or a% cartridge sel %ﬁéﬁ%her
darlodmudphisicyl déta stragedrive t?a‘ialdd"é‘f“ﬁ’? datp Figgse gPi"% ers

S o SR D, DIORIATR0RUR O g haioR: dfve ool enflocated

I'ng” event conprises a request, by said
$HjsBaIaTlngpriesirvappbaitbast applcaiongs VR EERdY -dat a
storage drive, and wherein said conputer program
product additionally conprises conputer readabl.e ? F
7 00T atRe GRAAlMon Mamdsdslaim 2bdditiopally; GEWESHE HeFiep ©

I ndi cate for, sai.d. libraryt - i ahadata st drives,
ioiag oon otgakaber o 458 “rieg 7L BRAPOE Y RRLASaR gormes dives

oh lithabaidadi@stotage agee Wnhaeilide anmfivrdidatieany portabl e

ata storage cartridge selected for nounting at said
virtual data storage drive. u) 40.The conputer _
B5 00T affjoRk A&t oafmethal aficBem 2adufiditioosi b qoppEising thesstens of
conmput er .readabl e prqgramc i € sves in said pool
@dﬁ%ﬂ@llﬂm}ﬂs @@@%%%?é) ?tggafg?ﬁ on ggf‘ ﬁﬂ%?%le%?élﬂ §‘g§? iél{rllréveeS vent d
Egﬂr}%gﬂcﬁglaﬁa‘%t&z?éedirweé;taﬂ@bhédﬁﬂ&tizﬁtg@aidg@rtw lgta storage drives as
C rising said dedi cated physical data.storage :

vndhergedsai d conput er readabl e program code causing a
conmput er processor to indicate said physical data

dri is freed from sai i tual .
N
%&&3@&%9;&9{@&9& aiidg pemhe udidueesalowmber B cghad saith ,

product of claim40, wherein said detriggering event
unchanged virtual data storage drives. J

35 The virtualization method of claim 33, wherein said step of characterizing said

virtual drives comprises employing a same address fc-)r each of said unchanged virtual

data storage drives.

36. A computer program product of a computer readable medium usable with a
progralnmable' computer, said computer program product having computer readable
program code embodied therein for directing virtualized communication between at least
one host application and physical data storage drives of an automated data storage library,
said library storing a pluiali{y of portable data storage cartridges in storage shelves agd
transporting said portable data storage cartridges between said storage-shelves and said
physical data storage drives, said at least one host application coupled to said automated
data storage library, comprising: computer readable program code which causes a

computer processor to respond to said at least one host application, providing an image of
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conprises a command by said at | east one host :
application to denount said one of said portable data
storage cartridges from said dedi cated physical data

. storage drive, identified 20 as one of said virtual

data storage drives, and whe¥®ein said conputer
program product additionally conprises conputer

r eadabl r code ' . : t
R0 Bl SRR o Wb Y (OB RERIRaf AU SThod st of
redposs to £ itailseortbdtost applivatige for aachrof syé et lesst ors fiyed virtual

d t ed, .42.Th . N
G S TP AT R D B TG e Dt S | applcation

AR PATIGh] Bita S@kage dtivdsed sdid amemhied tatagipiage Abianmn cerpputer readable
rel ease one of said virtual data %O{i%%e %E{i)fv,%s -@%Sical _
mpErRicAds Wihigh CHIHELA ST GFOSRSEY B TR YAt VoRart'y
RO R SEF Ve oIl PlutdrRacbiEstaraglitamy codey v e, esigneg any
a conputer processor taQ i ndj cat 4 'Whl,aérg ORe. pf S ocl) o
nvather i eef spiyRoPLafi physieal dae siosgs SHFPVRY s e Bl ELSPLY
peﬁgsiéfﬁ liGta bl okl Aivelphdicated & Pded @Rd aiailate foplass greéent) gomputer
sald indicated physical data storage drive fromsaid
roddeblg aro g godst wiialyeAUaSi A UPRITHPREAPH So P A PP
eggﬁi%if CAk atiRlsPord RIsPEDIiSHtioM Seubstim ol SR saRd /iy gite stbrage
ata storage drives of said.p gl . 38 &[1 oce?%%{ t 3 id
diyes, Hgdieating ong Bf ssid," oy Sheiee Yhgodes Y55 PL 3t ROCG R one
848 st Hiag&%oﬁ‘@&'t@lt R81a8le prddrsn dedd vadtiechupRYisomighter
ata stor age Iri've. = 44. The ,qgfn'put er pr o‘g@m.gr odu%}1 host
podcessontornhancteripesad fedicaied PEEYEGY fRiRPTAES SR p said requesting hos
@?ﬁ@%&b&ﬁé DOReUs84 HrniPl e 0BG RehrRiytisnlo dRt®Rdicated
or age dsr I've for a predeterm ned tine- out B_er i.od,
ph§sicaT Hata siorga deive py enid enthesiibgibest anpficationiansaid virtppetag; stprage
T 'dan? %%?%glgrgg{agw ; Qé‘r%%g&’é:\khiéﬁiEﬁutsés‘%%hipﬁteﬁﬁﬁﬁéshc&,ﬁﬁion

cc‘)"rafpu er ‘e program code.whi ch causes a . .
saidr:rpxmegillgp]ong@ﬂtmn gequ@ﬁy@g a g;gglial(déﬁ sgﬁagﬂ: driyg !p&or to said
RERAEHSITLRGH S TEat@ WordBB i AL to dhalabiElaesid kiR ofage

unt any salrd portable data storage cartridge

- dmiye trt ssifl rguestingiherb apmlisttion ap A TRAY - dat a st or age

drive. 46. The conputer program product of claim 36,
wherein said library conprises a |5 plurality of

© 37i r t uBhe banpuderipeegram PEpAiptL €laHn 36 heEFhTAt BBETHEGY S

c%{ggyg%g%rgﬁiggtbﬁ?@#e%ugﬁig@ogﬁﬁﬁﬁcaﬁ@tﬁ%%cﬁfnt h 86kl Rie of said

a conputer processor, ta

rastshlgdatabtotaga sartridpes aifa virkad dafe plorRge dii Yep agg yiegein said computer

p\?\éﬁnﬁ E)m%%t%ﬁhft%nal%%t ﬁg&lﬁbﬁﬁu{eﬁﬁgﬁmc%r@ér&ﬁ lcadB xf.}lggiﬁcauses a

causes a co I processor to, upon "ni-"n

cefpatet prgcassordo inveate fysaidiarany|that gfid segckpdiieyiable data sfarege
storage, drives. are. ] ; HpEM [ idRGe
R A e
sdidglobiocat e a physi-cal data storage drive froma | ower
priority said virtual library, notifying said library
to denmount any portable data storage cartridge from
13ai d dpatdmgasdredogriny pratiatt of ataim §6,0vharpen shid iggersgvent

compYd BRECERY deE By SPABRN B o Bpic Bl R Bl e
pR6Vid iEdh isdl da@ptorapetdrios,and wherein said computer program product
additionally comprises computer rcadable program code which causes a computer
processor to indicate for said library that said dedicated physical data storage drive is
dedicated to said virtual data storage drive for mo'uiiﬁng any portable data storage
cartridge selected for mounting at said virtual data storage drive.
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—<haracterizing-said vittual  data storage drive of

sai d deal | ocated physical data storage 25 drive to
said host application as "not ready'. 47. The
conmput er program product of ckaim 36, additionally
conpri sing conmputer readabl e program code which
causes a conputer processor to | ock one of said

physi cal data storage ‘drives to one of said vi rtual

data storage drives, suc(g1 tgci ?I d data sI e 30 ¢
d35? ve iLheGprapm laﬁgrémefgo of Qe gy YhcTeRasaid figstring even

&2 RERSH BBl #ig §QI ostGipplidide foradglicial aatabbyage drive, and
co rising: conputer rea

am code whi ch
cuieseis said @mp@roamg%tf aqdafqna’gwmﬂ%@%f f5agpple

ot td gﬁ% LPe ifdicaa i spillYibrLRthat said
glg‘hg&nt o?%%gﬁg??%gss |01§l§sua|:r ; of %9 phg5| clalﬁgrti‘%for

scledrcatgé physaoabéata starige SRS éPCg?aé%i’o‘a spid vETEhHaastesde
Jos %U g%‘f}gﬁtﬂg g?faa t Fe AHAGSSRRLtH %&H@Iﬂ@iﬁg ﬁtr da?dem'tual data

I ves as unchanged. 49.
caberpget &Tvepr ogr am product of claim 48, wherei n sal d

“conput er readabl e 5 program code whi ch causes a

conmput er processor to characterize said virtual
0L ves The commitagsogranmpmduct ofsiaya 6|6ead§rtwgalésh%m@mg computer

R R BB e AR ok R e ARrigering

Vdvéﬁtttéihtu@b asid votmpdatalstorags drives@@mpTisiag @gdqglg@]gated physical data

Slotdee e, <2 u?’é%%éa g%gz grﬁmmords b 'adcoﬁ‘%ﬂp;%l%&ssm o

causes a C
nﬁ@ez&smd pﬁ;@mhmmmmge dre/esafrded/ﬁrm sad vumak/@ia storage drive, and

whi ch
3R s e M UBRE RS RGRIC 1S o

each of sai d unchanged virtual data storage drives.

jr d c%ﬁ%ﬁ% tt'?é’é %%Oggﬁ?% #182"619 éégg%?f ﬁcmﬁgﬁ g IePent

Qbﬁmn@hea cainnland by saidet ldast vee iashawlitaiioh ¢o d@ntpmit sAiheneept said

f I d
-@8%%)‘1‘1? g?t% t@togagg gatrgh?glq ﬁéﬁaé&ﬁ%&%ﬁﬁ#@?ﬁé&% 2 g %;Ja%ee(ﬁ" ve, ﬁdenhﬁed

GabfAe 5 saidageuatl dity siorapaiddvés, xelwhaensiif compiterprogag pacrﬂuct

ntification of any sa
&g& a&]lpf cglgplaseﬁ 58P eaﬁat%legpqx éﬂa&%oggw g P%%L%Eszg%mputer
Proveagetodndivite fo2 aill Zibing thavsaplisrerof said gorablpdataisiotagodartridges
¢laim 51, vvhcfr ein said conputer readabl e program code

\)\N"é’ﬁd@é‘ﬂ a conputer processor to characterize -
sai d dedi cated physical data stor age drive, conprises

conput er readabl e code to c id dr| i.rra e
30T Fhe o e peng i A0oa gt s iRt ovent
%ﬂn}éﬁsés Q coRiind B 548 hi 18t BRstosenplicfiohit®rtlas: cm&e)f@@fxd virtual
sald fixed virtual data storage drives, .directin
@eﬁmﬁm&@@m@ﬁq anchWgEFi S SORRP R B B3t adailioualy cqmprises
i gabldreﬁcﬁag}éep%gr&ﬁ JBaSWhRBRhised boaRpudE pedtRssof tosadmhte which

I X

lural ity of virtual
one of sald dedicated phys:cal data storage drives is represented as said virtual data

storage drive for freeing said indicated physical data storage drive from said virtual data
storage drive, and adding said indicated physical data storage drive to said freed physical

data storage drives of said pool.

43, The computer program product of claim 42, wherein said computer program

producf additionally comprises computer readable program code which causes 2 computer
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--- data storage drives. 537An autonated data storage

library, coupled to at | east one host application,
conprising: a plurality of physical data storage :
drives; a plurality of storagﬁ&shelves for 30 storing
a plurality of portable data orage cartridges; an
accessor robot for transporting said portable data
stor C A 4 m-a,gq ah¥lsasd suriable datastovas camddge
é’é?c&?% §°s®clh§§aggta t.%‘rﬁgggmgri%es,;ﬁgﬁr'obot co%t&rol
frasuncdent stid dalicthddhasied daBsFagsSFVC-at | east one drive

i mge provider coupled to said at | east one host
application, providing an i mage of at | east one fixed
vi4r t ualTheledrapusdrraggen grodver, of glaim A8l hgredn $aig dejrisgering event
i dent.i fication. and, a f. IRSESredfermined time-
SRS TPRAST &éﬁ’@ q%’%g Fe%g%ﬁ%&#{)@?%@& h of said

Rfut p@RAr one fixed virtual 40 data storage drives,

and for directing communi cati on between said at | east
one host application and physical data storage drives
Qofs. & PORS cathputdd prappirsl ppidystiof alaim df.avhredn spifboaimiuies rogram

gt sl et B R BB

Ui tef HHBOMESE G0, PO Ex{fiations of gitl prefletenminad titigrout paricdf notify said

d | of physj.cal Sdat t . dr | | Al
o b domens G SngRnehr Q28 SOk o ok pE e @ S Ediued

SE,Q&ﬂgmgng%guﬁvétorage drives indicated as freed
ng aval | abl e for assignnent; said drive resource

provider responding to a triggering event of said at
lgast  epecdisker PRk ptddact of el 36, wigraim eaidfibragi apmpriscs a
virtual data storage drives, _(gedi cgt [ go%roner Sﬁcﬁ?&iﬁonﬁlly
'‘phitralityiof pintali bsamegcng YL F SITRIEE PEEERPEHo6T to _
%@{&l ﬁgégﬁéo\ﬁ{ﬂ}%éﬂ ?%adgtﬁ& ?1- #i &g Jﬂ{;&h}kﬁusepﬁomhﬂjterg)rmssorm assign
indrcation thereof for.said.drive, inm [ QWi 6 :
of lessioge of s U APEISE 8 highE RitPe A comptlfy ?%@ﬁ_‘%ﬁ‘é’ém code
R\trzrﬁcYﬂ &%Eeé %Q%ﬁ@%i{eﬁﬂoééds&ﬁ t§,ﬁipd? F’ﬁm"ﬁadqt&ﬂimgh?{s’i m?#nlwmmat all of
storage drive to said requestin 0S l.cat i 1
salhyseal Hhik storage dien arifscaicds A PP p GBI Ry o Tof Sid higher
%%ﬁk}dﬁ' ftu%ili'h{%%'},id@ﬁlo%ﬂ@%d _n'yﬁ@% e s@tj&gé&i@b ﬁdrm_ﬂiadm:lt:eqbriority said
ysi‘cal data storage driv sai d requestin .
ol St morsiying anid HpreY [nderipCiny PR SRl O e gaﬁ%’_dge from
%Ql{arhegl?&cgteﬁ' AWl IRYsthRSE daRD khd éddicat sdi8 deslipasied pingical data
vVirtua ata storage drive prigr tq said dri vg ¢ applicatio
rsesagerdrive o epid viekaldlewi oIty vgé?f&ﬂﬁﬁ;@fﬁfcmm@é 9t application,

sLora zigé LXEvira %mds%rxge ATRAE sBd @éé'llﬂﬁted physical data storage
characterrzing said virtual data storage drive to

shivel to gddibest appdickitontas Sppreaddt-i on as "not ready" 54.
The automated data storage |library of clai m 53,

- wherein said triggering event 20 conprises a request

: q
7. sai dhe espmsen pnagthmswto@pmﬂ claim;36pddisiong[yrpomprising computer
Srgelid%g-feepgo g%ri}g cgée w%ﬁ'étgcauses a computer processor to lock one of ;_aid physical
data storage drives to one of said virtual data storage drives, such that said data storage

| drive 18 m;available as a freed drive.

48. The computer program product of claim 36, additionally comprising: computer
readable program code which causes a computer processor to identify the addition,

deletion, exchange of at least ope of said physical data storage drives in said pool of
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'cartrldge is to be nounted

portabl e data storage cartridges at a virtual data
storage drive, and wherein said drive resource
provi der additionally indicates for said robot
control that said selected §gtable dat a storage

at” sai d dedi cated one of

said "n"-"n' data storage drives of said pool. 25

prsical Matadih s;dad mﬁﬂmra@aame prograyn ocfdeoﬂmrmas@s a
wher ei n sai trlggerln vent Ll Ses a RE§

oBUERS ProBgpsardP APRAG RS G THEL AN B

virtual data storage drive of said drive |nage
provider, said drive inpnge provi nati f.yi ng_said

ft?r i ve The somputer RPESHT PERIUBk of kg 4%@&%@? saif] 88%8%‘8‘1‘%’ lo

Gl S itk 59&(350@9&15@‘{&%&%6@5%&?1&6@&13& s3ld v1rtua1 dnvcs,

n I'cates or said robot control that said dedic

ed
@Empsiseabmgaienr cad Sl alyesaw; apde Which &al1SES% récanq%er%ﬁcassor Fto employ

virt YsaldQincRIREET viRbaldata sRRadealives.
%%Fb%ﬁ{ ?§%§‘§%$¥$} égagelecteg fgr &Duntlng aﬁgsald

virtual data storage drive. 56. The aut omat ed

pta z“?u(:) L& utér' r{)?&%éﬁ{ gPJduEt! AR AR, WhLEiR isild Sahpluter readable

riggering onprises a request by said
ﬂr&gﬂtﬁ&bﬂmhhlmstus%qmttqr DEPCESSPT ta chirpgteiage sk virtual drives,

{ d c
POURa PRI ropbls POSaMIRE ek Bfsed LU PRIE RS 0 cmploy

Oanihodrédstfat cash pﬂmﬂamcbatg@d vishpkdagitorggs sk or age
drive is dedicated to said virtual data storage drive
for nounting any portabl e data storage cartridge

Hel ectrad ccfm;futerrqmgram grcmlucistzf cliim P64t wherein s8id compiggeadable

d f
Hf{’%%llﬁwcg‘fﬁ ‘\%ﬁ@?& Tfrp S a| ??A\g/t e&?tggg% Fe gg %"?"é‘%ﬁﬂﬁ%gg list of at

Iaﬂdsaid ﬁﬁa:il ldyitarses preniised conspridiigshig goe imageeyndnfor each said virtual

cal data
L oh S AR Erpll o RlfoR, BUBh HAGEe ol any e phys
stbrhgeairive afmcupmaeledxevs@mscseidmwild@a stpragp daYe ng said |
physical data storage drive is freed fromsaid
virtual data storage drive, and added to said freed

s2hysi Tht cobatutergiraarageraubtaslagh 5&avlgrein stid computerppaable

ut t t T :
p%%gr%nnggfﬁwlg\glé??%esoare o ukelr g%c%rg%ﬁglgtfg cﬁérgtg@mlrzgnsd d"&;&gg?@phys cal

data skce@tdrﬁﬁ,&ohﬂﬁiseﬂpmputﬂatqadﬁblq endd émennault said divsrimagy table to
o e AR Al Bptnon g ot
said fixee vﬁfualsﬁltajstmag«t diintes dititeating eommpicipny ‘é)ssa.ldeg}q:glcated data
s S SR B BB el o
dﬁﬁg%ﬁggmﬁégsald portable data storage cartridges is -
to be denounted.
53. An automated data storage library, coupled to at least one host application,
comprising: a plurality of physical data storage drives; a plurality of storage shelves for
storing a plurality of portable data storage cartridges; an accessor robot for transporting
said portable data storage cartridges between said storage shelves and said physical data
storage drives; a robot control for operating said accessor robot; at least one drive image
provider coupled to said at least one host application, providing an image of at least one
fixed virtual data storage drive, providing a fixed identification and a fixed set of
responses to said at least one host application for each of said at least one fixed virtual



10

20

25

30

35

59. The automated data storage library of claim57,
wherein said detriggering event 20 conprises a

command to said drive image provider by said at |east

one host application to rel egge one of said virtua

data storage drives, and wherein said drive inmage
provider notifies said drive resource provider of
slaiadtozpRieines, andr diftvingcamonatieation hetrest srhgdeast gedest

of claimBj9, wherein Lg.dri CHi tQ\ih@@forace
iy %ﬁﬁ?ﬁﬂﬁﬁﬁﬂﬁé?ﬁlSﬁﬁa%é%§P5§§%?§gﬁfﬁgwgenounx X
ARYess adh Miictreduregatvides tanpiaddo sad atrlpasdrivedmagerrogider, at any

sai d dedjcated physical, dat.a . 0 V@ :
a0t e sl Gt sesDinGs RGeS By Bp b Bt 8ot effpoot Biysial
y b . A .
i GtoR HHYGeH isiig vRwaNatcoompgd drivss, mod "ns'an'off seidipgo! of physical
dedi cated physical ,dat a storaqge , dri -for 21 A
driedBrage A RBURFAE! AR e bR B o3 eHent sud drve respuree
g?&v?de? I‘e@ﬁcﬁﬂﬁﬁ'tﬁ Brageprifg evehpofivaid bt leatt enehos! apphiogtion requesting

xpiration of said predeterm ned tine-.qut, peri.0d- .
 on¢ of said wual daa slogage GRE Grfalingorie o i 1y i ﬁl’lﬁﬁg"éas‘l data

§ft?3. o aRbQtor tgéi@ ?j)bél' to bAd dﬁﬁ;ﬂﬂ?ﬂl d&_ﬂytcg%ie dn'gc_:; pratidieg araindication

storage cartri dge nounted_at, sai edi 1o BRI

dhepeni gcmsajggpge gggﬁegécgl pf,s‘él’ld vnatﬁag d%fé _s%ﬁa eégl%%%gjtd éjélve image

g?&v"i’d& LR85 g Arddiefted prisithlatita sedtaliet drive ad $ajd requesting host
onprising a plurality of virtual libraries, wherein

abplicatimt asapid one Fised Hrl s s By e mags iyt 4gng o

N ARG RicRidaQh ki dedibiidl fHi@kal duRetbragBlrivaby eqdirkhestng host

zero, meaning that all” of said physical 5agat§ ¢ anplication

appicatiyn ajrshid eirtusd dafaplaragdeiivea Al Wgy Fi%‘gf Y SHE SR APP

tL1.909er i ne, 8V ek shlke 8@ hridr 8hRId @ivi @ésbliie providentiedicating said

CrHrar , sald drive resource proyvider deall ocates d data
physidatddta statage Srivn; s didd 4nass OIS FaREICTHPE 5FT L™= 42

o Wi bt 8kialrbiieating hoBpblidz86n setindt @adywe | mage \
%@%%Fggréof sgggrdea Ioca?ion, notifies said robot
control to denmount any portable data storage

cartr | Hge, EJgﬁgééﬂtﬁst&%@_lk&&@to@dla@m y3 ivitteinlatdiriggeingsent
rive, and de I cates sajd deallocatedpgné3|czl 40 e of said
damprisst e reygest biyisuid reayesiag HOs PPRIFANOTG RO NS B 4PF Ue®
{Rﬁrrtaﬁca&a(?a &b;g&@&ar{%{dg&f dt b WirhaBdat@gRbEC@ivepind wigkin said drive
erein sard drive i mge pronger\char eri eslsgéd bl
vésnmuaprod'albaa@;tmna@emdlpates for said robot contro t said selected portable

data storage cartridge is to be mounted at said dedicated one of said "n"-"m" data storage

drives of said pool.

55. The automated data storage library of claim 53, wherein said triggering event
comprises a "RESERVE'" request by said requesting host application for a virtual data
storage drive of said drive image provider, said drive image provider notifying said drive
resource provider of said request, and wherein said drive resource provider additionally
indicates for said robot control that said dedicated physical data storage drive is dedicated
to said virtual data storage drive for mounﬁng any portable data storage cartridge selected

for mounting at said virtual data storage drive.

56. The automated data storage Jibrary of claim 53, wherein said triggering event
comprises a request by said requesting host application for a virtual data storage drive,
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-drive of said deall ocated physical data storage drive

to said host application as "not ready". 15 64. The
automat ed data storage library of claimb53, wherein

'said drive resource provider jqocic.s one of said

physi cal data storage drives to one of said virtua
data storage drives, such that said physical data
Shohageiriald@ivi sesonax atdviter edditsonally indisated farysaid robog gontrol that

e a%IL ﬁatg;? %ﬂ}eyglgg a&agan grgéea eve.gé Qéaa%YSI Q, aaﬁtli rltqﬁlsci)éta stora%e drive
%I’ HEnting adestRAbletRiat@tge caxdl gmgbdted forgaduwhtipg ef saidfvirtual data
data storage drives of said drive resource provider,

&WEERNENEI n said drive i mage provider characterlzes
said virtual data storage drlves as unchanged.

The aut onat ed dat a stora [ f

et o) RhSaemrd 44 Phage DB TANAR %‘ﬁ%?l&é%lgar%e cFoge

gm&e’r SEBH AR sboEis 3o § AeEgEEMng éeent Bldtial t widbemuﬁlalata storage”
ach of said unchanged virtual data storaggmdrl

@rive wmmg@natd@ewats@ ahysicgl dRstprags dFYe 4§ TR provider

M]ﬁ(ga‘tllh sa“i@ F:Ell ddta ét%g@dlﬁ\feqy GdeT fsthadiaeirtnl &ad diemge drive,
conprl 0 a Sanme address for each of said

.amta@qg@usm wmwsxaatdataﬂoagaglévaq fyad poolgg A

virtualization systemfor directing conmunication
bet ween at | east one host application and p

sical .
681 a sTlor aranated dasastomea braR AR A/ dHEEIE DM S Bgering event
86:?1%1@5&% 2 cSindnd b §eﬁ'& ¥t 1845l b s@applidhtian td dénﬂfunpﬁid dlelog said

orage car dges 1 n storage shelves and a
podatdpdata stmgg@@r@‘ldggﬂrqb sad ggcpgatghgw%zg %s{qrag?gigge identi ed

‘ %se{me 31010 YirthaP iAR% &8fge BEY 4 emddtrerRbfl drik’ ekiSdeGRbvider

a storage drives, conprl SIing. a drive resource
pdditiorciély ppvisies di inglication. femsaid gavet enirokihit saigleone ghpaud portable

8%28{0?541%&%3@5 ﬁtto%fléﬁmgﬁn‘t@l data storage drives

I'mage of a fixed plurality of said

| V|rtual data storage drives, and, for each said

lf? rtu a’k‘hcda%'icﬁna%cp&a%gﬁmqgé Mﬁ'&ly%fﬁ:ldiﬁ@?’ v RRdih Ezh& d&thggbﬁng event

one t , sald drive’resource provide

a@ap:gms Agommyndhigrapirdriveymege Rseder by |Sala at lgagd PB? hegapplication to
délé&é? Bnc cgf s@ldng'mal Qdta sBra ﬁh@es RS Hfepdin S3d arivd iag@Provider

Ives utonat e dat a st orage library, and
hotlfidsshid dfivs msehrpoplovidr of seid camgiage drives i ndi cat ed
as freed and avail able for assignment; said drive ,
resource provider responding to a triggering, event of’ °
sai d afhd aemnatmtmsssnagakﬂpwc:épla@n 59, PR deyregspurce
sai d,. vi rtual [ torage
B S S 9 it el 0 p0R Ot s
partridge mamaied atms:l dadicatediphyiicad date sfoege ddye-ve, .
i dentifying said dedicated physical data storage
drive in said drive imge table as said one virtual
gat a STlermgenatked daty stamge Bratyedstaim A8 vehrersie saiddefaggering event

provi der coupl.ed.t.o .
8%1’“585’61?%]’15335 geig gﬁ%Fﬁ%ad?tgfs sar %%atds F dr?%gtg%rr piedetermined time
phtgetid@r , providing at |east one image of sai d fixed
virtual data storage drives to said at |east one host
application, said imge derived froma correspondi ng .
82l d The automated data storage library of claim 61, wherein, upon expiration of said

predetermined time-out period, said drive resource provider additionally notifies said

robot control to demount aay said portable data storage cartridge mounted at said
dedicated physical data storage drive,.
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15 drive image table, said drive image provider -
providing said fixed identification and fixed set of
responses to said at |east one host application for
each of said fixed plurality virtual drives; and
directing comuni cati on betweén said at |east one
host application and said physical data storage
drives of said pool of physical data storage drives

- of said automated data storage library: said drive.

| fge SFioidontoddeisotunendibrey SERlm fRurddivesly somate a
].%rgat].t dJ oﬁ/@tdai)ﬁ'brgﬁess @fi&eﬂ@(%&%he S6daRl B4 YRGS Is\uSsigRd a
rive Image tab characterizing sai d dedi cated
plvghﬂ:rwbnoamh $hat magle "I equaling gprg, merpieshptadl ¢f sad physical
aﬁ#@ gg:%tgé &)nveggf o ]iao%l arndeiclbd & ?oﬁ’ 3 ﬁ-fgﬂé}lmgdeaitsﬁt f8t é&[cﬁﬂ@ler

and drrec comuni éati on bétween said
dgmmmmaldﬂmmmrcage r@pm@p@ﬁdegm@oqaeq G@BYsigny daa stprage
at i n as .sa t V6o nidPder of said
BB 6 & e it g Bl Pn %ﬁf%%f‘?%‘%éa o prdYidar of sai
Vﬂerallucahmz Smtiﬂisaaﬁtrobcﬂgmtml twabmpxunmnyuiel‘ts ¢ datel ptoxage cartridge

S glggélé %aﬁ{oge\éééj @&s%gldd:{lagaasttorg%a&ﬁ]e 48 GX@&&@J safldedtlocated physical |
(oFii: 7 ﬁ@ﬂagé’ draieng seﬁa Ivﬁtruul daIaMragtah‘are f@r@ard@ggl@r prperity bost :

sal p% &lu alnatl n ?};&aﬂ (}P‘fé%'?%eﬁéroﬁﬁer%ﬁara&g%ze@ V\ﬁgxutual data storage

sam oA 6did Beallostt sigysipal auiaderragdQiriae th saidomat applicatiop entiwt
to a detriggering event relating to said virtual data
st¥t¥age drive conprising said dedicated physical data
storage drive, said drive resource provider deleting

saj d srcal t,a stora dri nent
ok ¢ ub b agigmatedida Sotter o S PHRER r drF e
%tﬂé}dbcﬂ@bh@& SBall ;ﬂlyﬁhal ditatorgatdavatio vagel sdrd wigudl gata storage

SRS 0 620 PSS Rl g 8 IR f Lo

cla|n169 wherein said drive resource provider

ditigpally i | ed
v os e nukpir= i Safhe HERPIGBESP: el Ras b Al
e;ﬁ@ﬁcafdaﬁatoehgd givesit etilephichitaibxdiatgad 5t mtdag:wl df daesorage

trl ering event, co srn id
i e o0 o® Hvised AT RhEoR A0 8 plagl ordtid?
pdheﬁateﬁzdmsﬂe dirtuah@xtOstbragedrives as urdhangdhe
virtualization systemof claim68, wherein at |east

one of said physical data storage drives is added,

dy. et edhe QutehaBQesta bioragalibeapasticlabh 65 wisireialsaiddtise image
storage_ drives of said drHée .resource. $rovr

VIRBYIHT ShaaG BriZa PR CORRSGECPRIBY e P G Yyl b1 cach of
Via{dudihank @ Hlahd dalaGicagR qdives/es as unchanged. 72. The
virtualiZation systemof claim71, wherein said drive

i mage table fixed identification conprises a same

Uyl que Tﬁ@ Skt GthatBY BRE GtofaRk IBRBIOFR 2t &6 Ckvhhﬁérhaﬁig dfive image
vittual data storage drlves 15 73.

mrw@mchmwrmqugnyngsaer@ SRS 7 BRI for e yeshanged
@d&gggg,gaﬁ@g identification conprises a sane :
ess or each of said unchanged virtual data

storage drlves 20 74.A virtualization nethod for

Gigr ect ' ' %ﬁErh% RRLMBERnRMunk @88t baHBer ¥ Hdast one host

applloa |on An ysi cal data storage drives of _an

appmmommdxﬂ:ts/ac@td@mg@ageudwarqf angiomaterl slptasipragedibrary said

uralrt t
Jihirl Bt L p Gl R0 poftefle S8 3or R RARLEEH i ARelutt and
&ta@f@gexgcsardtpbrtd@e dlath etovage nartidgds batgecagaidstaspaesbelypigind said

sai d physical data storage drives, conprising the
steps of: providing at |east one drive inmage
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25 table conmprising a list of viTtual data storage
drives providing an image of a fixed plurality of
said virtual data storage drives, and, for- each said
virtual data storage drive, a %ixed i dentification;
responding to said at | east ofie host application,
providing at |east one inage of said fixed virtua

gﬁlgﬁca?ltdgfa%gﬁaéydn%s? chRpSdhd adlivk eRsdrcopevidesiroviding at least one
ppl'ication, said inmage derived froma corregggpdl

11 n
shive iniegoteblf pergerising? Bst oﬁy@vploqaﬁgstcgggediqvie&% g an u%age ofa
| glen il{r!llﬁ?h% Sg.?j gigcgflfdaf%es%ﬁﬁctdrf%s, LES P65 sdi®visahldiafilstorage

|'east one ication for each of said fjxed . .
wriveeafixedadenticaoaget ady opetimeHaid dgive Espwggprovider assigning any

i cati on .hat i Gy - s
ngﬁﬁ%@%n ﬁgﬁ ggﬁgfbﬁ%'r(% ?%(;/I{ a%{ﬁ%}) %f?/'gie%ag(?ﬁﬁ asicgl data storage

shriveagfsatliruioamtaf dabaitoragelitomat o "aat®" of wrdppol of data storage

| j brary; ovi di ta i d: physi :
ARiSgbonBd AR R Rl O el B Bl lpiioer
|rdpoadiyg tord trigpetimresentiofegid aslsasy onahpstapplisation esquesting gne of said
sai d pool,k of physical. data Qe AL N :
i S o 5 SRRy SR PRI g aivesof
45idipadi Bahiddnasirfiabéth aodgadraid albitEyinp said dedigaterepitysical data

respondj ng to, a.tr.iggeri event [ .
rsteepe e St ep P s Rl Bl sthugs 30 R s
G ﬁﬁg@i}s@dgb WRsvided esliptal tb Bgd enleass bneslmistapbiitatiomiand coupled to said
physi cal data, storage drives of. sai .sald o

e rpuras b videt, PR PPt pipdmied oy tugh irfl P fbtage
Qﬁﬁé@@%@ﬂ glpféﬁéiioﬁahng applicaia, age limhrgiemeﬁm i @l cafrdspanding said
i mage Stabl e as said one virtual .data.storage. .drive;

S G S G dr e et PR PR TR nd ixea
s.s@t'bcﬁ I&Jﬁ}ﬁﬁéé@ saflbdt Joast rﬂfedhgg agf) licattor fib(r:I S&Ed)f elaid ]ﬁ&ed praglity of
tabl e, .characteri zi ng sai.d dedi cat ed. Si.C ta .
TG v AR GUGTLEY PHOCHOGL A 3§ aPyicaion and
QR phfsisaiasta bioxee dvived dfahid pablofphygsiabdatal storgs drives of said

di recti ndga&commni_catj on, bet ween sai g dedi c‘%{le% aid dedication
Fhipaated) dagpstosass ISragesat FU'6 AEE HRYVETFERTREPS g0 S

aaﬁg’ kdeh@tidaBn gﬁsﬁ(ﬁf)lﬁ/sibh[dathaétortdgd (ﬂivlﬁ_thoﬁﬁgéﬂednﬂgé: M?I_;c,

and upon said requesting host appl.i.cati on requesting
AR M P L b BT o el R S

3 glﬁba%ﬁiMIe' CoeloR §ai8 @ik ed PiRYIST datd staladealrivey badydiratiny eymmunication
characterizing said V|rt&$I d tadstor ehdrlv .tg said
rveron eajh dediates] FR ORI R e ARSI Faosig hpy gppjicafiopas
Thua ikeh %l‘a%gé akiio %&ﬁﬁ&}p@m@%@s@igﬁomppn@ﬁbn ranadthy a virial
conprising the steps of: 15adding,, deleting,. .
SRismeger e priplashidinye SFOWES BropsLledipingsid rtyipel Jate

A Y | sy ' St Psaid AFALAatistor S drive t
and- gr%fasdlrfr‘{tg ’aslﬁlﬂi(%gg glglld%@%?ﬁ\a/ﬁh%tg t a%slae to i dgntsiof%% e
gaiddequiestingdiostrpphcation ra (et Hefles as unchanged. 76. An
automat ed data storage library, coupled to at |east

one host application, _ S _
69. The virtualization system of claim 68, wherein said drive resource provider

additionally responds to a detriggering event relating to said virtual data storage drive
comprising said dedicated physical data storage drive, said drive resource provider
deleting said physical data storage drive assignment to said virtual data storage dnive in
said drive image table, and indicating said physical data storage drive is added to said
freed physical data storage drives of said pool.
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said virtual library partition.

20 conprising: a plural+ty of physical data storage
drives; a plurality of storage shelves for storing a
plurality of portable data storage cartridges; an
accessor robot for transportlgg said portabl e data
storage cartridges between said storage shel ves and
sai d physical data storage drives; a robot contro

fag op qrh@‘drﬁlghﬁﬁbﬁl sﬁs@éﬁ@ﬁﬁ@a{nnr@bﬁherelﬂ seididvife FREMOE p@vider
provi der providing at Ie%it one drive i

castdiionalisiig ceppladde sy physiqalidata slarage <155 8 %‘9‘5 P?‘{a}é&‘? gefermines
Py bfjr?oﬁgls@[)lf éa@ﬁgﬁsa‘ﬁf de%tfate&%ﬁys%ayﬂﬁi kb p @ HriG] ﬁud detriggering

virtu ta stora drives, and, for each sa
véventcampdsingnetese @ seiflidpdicated phyxied] dpigetnrnas %{fe.f@frﬁ
a@z&%%mﬂﬁgnEFQEt d drive resource provider
signing any nu r "m' of physical data storage
drives of a pool of "n" said physical data storage
dfjl ves r 08 iatiofs s?:f:n éfgz'lsfi{:nga@ %hé?%in gﬁ@:@st ShO6AGRI physical data
dti ves Thdl Catad ae Freed an aval | abl e for .
ma@rmﬂm l,'S amdddemtc& exchaggadrin saippent iofiplrysicabdrimprage drives of
Sﬁjpdlaqnc v1 91{, SN herh s @'dﬁv@ﬁnz{g@ @é‘bﬁ? i‘agﬁlﬂé@ $did virtual
ues i'ng one of said V|rtua
sdaﬁrmgeged:lnvm undleﬂgc@t ing one of said "n"-"m'".
physi cal data storage drives of said pool to said one
virtual data storage drive, identifying said ‘
dexdi ¢ atfﬁéiwnhal&iaﬁai syémmofs:lm ayevintrdiv eaid drivainghgd tablectixed
as_one sai d r
i GeA R s afiseR A s e il sl e BEbAnBE B8 Wknapeed virual
tDtasbdrakeakivbeeast one host appllcatlon and coupled to
said drive resource provider, providing at |east one
i mage of said fixed virtual -data storage drives to
sai d afrhe dfudlieatidn geemhdstain ) wieatin said ddwd thagatayte fixed

deri.
SN bt S OB P Tk R Bk S

idd@ad i fication and fixed set of responses to said at

| east one host application for each of said fixed
plurality of virtual drives; and directing

camu nﬂ@.&tuaﬁmmﬁmﬁlmi fondicbctitg ¢ommstniaation hefstoen at least one host

I d

P34 b o 0 RAE A R

| HBRG R stofipy/d pie;mlw;eﬁ]qmrtdbla datt: stosxge carohdgésdatstooageahelves and

SrpormesecpRigee aprerRe KRt Rn ShE R e b i oaia

Fﬂhylﬂ:;ﬂ aaltlta gkatage %WSmﬁmegehe% steps af: grc?eiqu?stﬂeasgoﬂmk‘tve image

applicatjon 0 a xed data stora

e srambrsmea 15t OhVagE e Sletee SHGF aRuitpd HTEEE of o fixed
bEald VAud ehieeRagairted ast, Catadth saidydited Idaﬂatoaage drive, a

ot i e S LB R B Pk Pt ne

QST tshlg GixBPsitualatl s@@hgeqm\zgmuaam Iegst and/ hdist H@hcﬁtﬁhﬁsaxd
storage drive prior tg sa ri.ve resource provi
ecc%wwgfr@aaemwgv@% a&g@raveﬁnageé@ e mvéﬁgéafi%
%én‘ﬁﬁcdtlgﬁgﬁi RO redpbAdea & Id o 1dad of@hekt WppHcdfdn @Atash of
storage drive to said requesting host a plication

'spid fixedigyal datpstoraee drives 286, @6??8?%@“&5‘&% &iog Pgigeeen sadat least
0519 fl&'@ %Eat&h%?‘si@ PI&MIR& §f physied] Aata |sf%[‘@%)dn|v§s @ATshiddg@ehated

i se a pl ura virtual Iibra

[datatst(tags dibrarys pedviding i gﬂfé&f "R PAYSiea) g dgygsyof gd
!ﬁg?% AGnSdr "§lofsaid pool of
‘%fn \éapgfl t?ggfa%gzlgrﬁ% r téilglﬁa gsgllgl%ﬁ tri'ﬂlnf;e resour cesal pooto
mhjzemaﬂéata storelz¢ droves) dng "pY-twi eifssidpop] afiphysicdl daigstoragsdaves
conprising an 20 updated listing indicating any said
physi cal data storage drives of said virtual library

partition, and indicating said storage shel ves
dedi cated to said at | east one host application of
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78. The automated data storage library of claim77,
wherein each of said virtual 25 library partitions is
assigned a relative priority, and wherein said drive

resource provider, upon'"nf-"{g equal i ng -zero for
|

sai d higher priority virtual brary partition,
meani ng that all of said physical data storage drives

' g{h&csk@@l hR@0nd dealabie Q@tﬁﬁg@n@iﬁ;ﬁﬁdpﬁﬁim@mmggm@%ﬂt of said at

rive froma |ower priority ual L brar a
alest an brshmpYcRon deqHRy OB offidy ViEYR) oy i aigep D8V peding
S&ie%fgélat'ﬁ'a* '* ﬁl%&@mwa@%td&gd c@ﬁciﬁ\émﬂgoéﬁb 6aibd b@ehﬁftual data
priority. TA STORAGE DRI VES I N AN AUTOVATED

mm@mmdmsmal data storagg dgvenspigd ficive image
dtlﬁl})l\é 68 s oft Vit QR kR kg atide; %s@é:ﬂﬂ%r th st ABYcAo8 and

ocated to recelved request S ive resource *
prentifidation afisef phisies] J4tmgoree EdYrRIE Saifl GHVRIHEP {Able phgppoterizing

alq Richi1g Bgﬁskc\é?&tﬁt%ﬁfag@ AR sBl feqbHing b2 Qpcfliaﬁ’t'idi‘ﬁas one of

any nount data stor age. cartrl
rseidfbiod st @mStpEQQI@S‘ISS diespengsonguniration PR GRAd fedioated

%%Xlg% dita otrz}%g%i@g d%%ﬁf &Jsfn‘f st QAN h886H virtual data storage

y be all ocated
|dmvbm1ﬂmperesa1<brdlh@ﬁn&h|ﬂaﬁé @mphcatm raqwglgég‘@w% #o stowge drive

i ndicati t I in
50 A Bl Sfor o QRIcRRY S B R H RN e Rercing
aaidi viroahrdata bterdga Kgve magdecqmmmoyt aprlamwe%s ao%rs%dry

data storage drive to the pool. Furthermore drive

i mage providers of a virtualization systemfor an

F5t onalhel vmlmnmabmm@ed bfdzimar T4, piditiandBy eompristngeheostens of:
rali t Vi
fa]dilgg cf Le 5 elxl a{ fe ﬁfgstsa’.@ p?lgﬁ a?ggtta ?ﬂgir']a\égﬁn%s it} said pool

ro(fgﬁyuicaedm ﬁwage m;wat axﬂnyramtamng said drize Bnagn tablearty ldentlfy said
00l "y drives to the drive inmage

s
m%ﬁgg?gtoragﬁgnw 'asun&lrzﬁlgof the pool are freed and

avallable for assignnment. The drive resource provider

ISZI p 8 ggl‘sj g‘é? t‘“’tg rda& for%%qlbﬁﬂ-ﬁ rbtouﬁlﬁ#%gﬁ feh 8l %n@?&yt hﬁef)%catlon

né o
tcemphﬁnylar;ﬂmrahtyahf physicalldaa sionagedmmg*e)llp‘ﬂd\‘/ jofletprage Sh@lV&S for

ﬁg aract ﬁlrill o&gta‘gab%lc{a ngci' %O&HHH egﬁi?g-gés&?}&%?fb Erlé‘fspomng

cate e as Vi rtua .
dmﬂ\pertal:ﬁa datpstorape totridges dtetamanidotorage shelsiapd said physical data

%@g{g%%gés: gg Eoerg{g t u‘r’lnl:raigii chesgdi‘?%ﬂo‘?%%ﬁi% kdd8urce provider
provxdmg at least one drive i 1mage table compnsmg a hst of virtual data storage drives '
providing an image of a fixed plurality of said virtual data storage drives, and, for each
said virtual data storage drive, a fixed identification; at any one time, said drive resource
provider assigning any ;1umber "m" of physical data storage drives of a podl of "n" said
physical data storage drives, and "n"-"m" of said pool of data storage drives indicated as
freed and available for assignment; said drive resource provider responding to a triggering
event of said at least one host application requesting one of said virtual data storage
drives; dedicating one of said "n"-"m" phys1cal data storage drives of said pool to said one
virtual data storage drive, identifying said dedicated physical data storage drive in said
drive image table as one said of virtual data storage drive; and at least one drive image
provider coupled to said at least one host application and coupled to said drive resource

provider, providing at least one image of said fixed virfual data storage drives to said at
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least one host application, said image derived from a corresponding said drive image
table, said drive image provider providing said fixed identification and fixed set of
responses to said at least one host application for each of said fixed plurality of virtual

drives; and directing communication between said at least one host application and said

" physical data storage drives of said pool of physical data storage drives; said drive irnage

provider responding to said dedication and identification of said physical data storage
drive in said drive image table, characterizing said dedicated physical data storage drive
to said requesting host application as one of said fixed data storage virtual data storage
drives, and directing communication between said dedicated physical data storage drive
and said requesting host application as said virtual data storage drive; and upon said
requestinig host application requesting a virtual data storage drive prior to said drive
resource provider dedicating said physical data storage drive, said drive image provider
characterizing said virtual data storage drive to said requesting host appIiéatiOn as "not

ready"”.

77. The automated data storage library of claim 76, wherein said library is arranged
{o comprise a plurality of virtual library partitions, each assigned a plurality of said
storage shelves, and each assigned to at least one of said host applications; and wherein
said drive resource provider additionally provides a library image table comprising an
updated listing indicating any said physical data storage drives of said virtual library
partition, and indicating said storage shelves dedicated to said at least one host application

of said virtual library partition.

78. The automated data storage library of claim 77, wherein each of said virtual
library parti'tions is assigned a relative priority, and wherein said drive resource provider,
upon “m"-"n" equaling zero for said higher priority virtual library partition, meaning that '
all of said physical data storage drives are dedicated, deallocates a physical data storage

drive from a lower pﬁority virtual library partition and allocates said physical data storage

drive to said virtual library partition having said higher priority.
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ABSTRACT

Data storage drives of an automated data storage library are allocated to received
requests. A drive resource provider, upon receiving a réquest for a drive when all of the drives of
the pool are allocated, holds any mount of a portable data storage cartridge rel-étive to the request,
releasing the hold when a drive is allocated. Spare drives are provided, outside of the pool. A
spare drive may be allocated in response to the request, and a message is posted indicating use of
the spare data storage drive. The posted message may comprise a notification that action may be
taken to permanently transfer a spare data storage drive to the pool. Furthermore drive image
providers of a virtualization system for an automated data storage library provide an image of a
fixed plurality of virtual data storage drives with fixed identifications to a hosf application. A drive
resource provider, at any one time, assigns any number "m" of a pool of "n" drives to the drive
image providers, and "n" - "m" of the pool are freed and available for assignment. The drive
resource provider responds to a triggering event requesting a drive, and dedicates one of the "n" -
"m" drives of the pool to the virtual drive. The drive image provider characterizes and directs
communication between the host and the dedicated drive as a fixed virtual drive; and prior to the
dedication of a drive, characterizes the virtual drive to the requesting host application as "not

ready".

Fig. 3



