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data storage libraries are sonetimes arranged so that, even in the

presence of mul ti.ple host .anpl,cations, the library and its data storage
drives p‘pE'a‘?'—rcr—e‘EcTr‘%'O‘s‘t—ﬁpr'h cation as its own library and drives. In

ofe exanple, a specific set of storage shelves and at |east 35 one data
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request fobragd acf 1Rt qanbOSesapplaacal itopicaibe dapardiabl es datfegiotnge
cartridge, caéygéagbgfﬁ%er ﬁ&lee%ﬂﬂga&%@ ' srh@ca:aet%sgg s*exreé e 68580t obOL Of

the library, and data storage dr dedi cat e tofthe host
appl i cat iBATRYT cAEEFiHget B HLEEe SorPLdt § °ra?ﬁes bv‘ﬁsostExamB fcati on can

t hus condetallesdatae stofagrpeantsidgesaain oant thdpee conthindng 2 yergthepf | ci ent
from t he rslgaedRotade oF ddrealrasy, asiopefcdit gigk.i ve is al ways avail abl e, and
the drive addressing is direct and i medi ate. The WO 03/ 023597

PCT/ GB02/ 03743

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

25 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 storage
cartridges at the data storage drives, and returning the portable data
storage cartridge to the same or a different storage shelf.

30

Automated data storage libraries are sometimes arranged so that,

even in the presence of multiple host applications, the library and its
data storage drives appear to each host application as its own library and
drives. 1In one example, a specific set of storage shelves and at least

35 one data storage drive of the library is dedicated to each host
application. Upon a request for data from the host application, the
portable data storage cartridge having the requesting data is accessed by
the accessor robot of the library, and delivered to a data storage drive
dedicated to the host application for use by the host application. The

40 host application can thus conduct a series of mounts on a known drive.
This is very efficient from the standpoint of the host, since its drive is

always available, and the drive addressing is direct and immediate. The



2 library may al so appear to be directly assigned to the host application,
but the accessor robot is actually shared. It is less efficient fromthe
st andpoi nvoal/oedse7 dri ve usage in that, if each of the hostrcapggBumat4dons i s
not constantly using its dedicated data storage drive(s), the drives are 5
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cartridge storing the data, operates the accessor robot to access the
cartridge, finds an available data storage drive, operates the accessor
robot to mount the cartridge on the drive, reads the data from the
30 cartridge and uploads the data to cache. From the standpoint of the
library, the usage of the library components is efficient. However, cache
storage is expensive and adds cost and 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
35 host applications communicate with the cache rather than directly with a
drive, and any host application can contend for use of shared components,
leading to less predictable performance. Should a drive fail and need to
be replaced, the host application may be unable to recover from the
exception condition, especially if no other drive is available. It may be
40 possible to limit the reconfiguration to a change of serial number if the
drives are homogeneous in all other respects. Upgrading, exchange or

sharing of heterogeneous drives (drives of at least one different



drives are honogeneous in all other respects. Upgradi ng, exchange or
sharing of heterogeneous drives (drives of at |east one different WD

03/ 023597wB@B/0638302/ 03743 3 characteristic) is prohibitedpPaTi¢dBnao3a3mj or
reconfiguration which will accommodate the different characteristics.
Limted drive sharing may be provided By a host application that is
partitioned anongst various host processors, but the partitions nust
constantly informeach other of their 5 use of the drive so as to stay
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storage drives for mounting and demounting the portable data storage

25 cartridges at the data storage drives.

The allocation system comprises a drive resource provider coupled
to, or of, the library, responsive to the requests for data storage
drives, e.g., from host application(s). The drive resource provider

30 assigns a plurality of the library physical data storage drives to a pool,
and allocates and deallocates the data storage drives from the pool for
the benefit of the host applications, in accordance with the copending

'00038-US1 application.

35 In accordance with the present invention, the drive resource
provider, upon receiving a request for a data storage drive when all of
the data storage drives of the pool are allocated, indicates to the
library to hold any mount of a portable data storage cartridge relative to
the request. Additionally, a drive image provider, upon receiving the

40 request when all of the drives are allocated, provides an indication that
the requested drive is currently unavailable to complete any subsequent

command requiring a mounted portable data storage cartridge. As discussed



WO 03/ 023597 PCT/ GB02/ 03743 4 in the copendi ng 100038-US1 application, the
response nay conprise a fake conpletion response called therein "not
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drive, and, if needed, can retry or issue its next command relative to the
drive. If the next 5 corrmand does not réquire that the drive be ready or
that portable data storage cartridge be nounted and ready, the library may
be able to handle the command i mredi ately. The drive resource provider,
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1S
The drive resource provider, in an alternative embodiment, waits a
predetermined time period, and, if during the predetermined time period a
25 request for deallocation of a data storage drive and demount of any
portable data storage cartridge at the deallocated data storage drive
occurs, allocates the deallocated data storage drive to the request; else,
subsequent to expiration of the time period, the drive resource provider
allocates the spare data storage drive to the request.
30
As still another embodiment, the library comprises a plurality of
virtual libraries, and at least one of the plurality of virtual libraries
has a higher priority than other of the virtual libraries. The drive
resource provider determines the priority of the virtual library of the
35 virtual drive request, and, if the virtual library is of the higher
priority, allocates the spare drive in response to the request, and
indicates to the library to release the hold of the mount relative to the

request.

40 In a further embodiment, the use of spare drives is limited. The
drive resource provider increments a count each instance the request is

received when all of the data storage drives of the pool are allocated.
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25 needed, the system is provided with spare drives, and as the system

requirements grow, the system operator is allowed to selectively increase

the number of data storage drives in the pool by permanently adding spare

drives to the pool, without a requirement to first contact a salesperson.

30 An object of the present invention is to allow host applications to
each gain access to one or more shared data storage drives of an automated
data storage library, and have the appearance that the drives are

dedicated to the host without requiring cache storage.

35 Another object of the present invention is to allow the addition,
deletion or replacement of drives without requiring a reconfiguration of

the host application device driver.

A virtualization system directs communication between host
40 applications and physical data storage drives of an automated data storage
library. The library stores a plurality of portable data storage

cartridges in storage shelves and provides an accessor robot for
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03/ 023597 PCT/ GB02/ 03743 7 received by the drive imge provider, notifying

the drive resource
The drive image provider characterizes the dedicated data storage

drive to the requesting host application as one of the fixed virtual
25 drives, and directs communication to the dedicated data storage drive by

the requesting host application as the virtual drive.

Prior to the drive resource provider dedicating a drive, the drive
image provider characterizes the virtual drive to the requesting host
30 application as “not ready”. As an example, "not ready” comprises a

reported state that no media is loaded in the drive.

In one embodiment, the triggering event comprises a request by the
requesting host application to mount a selected one of the portable data
35 storage cartridges at a virtual data storage drive. The drive resource
provider indicates to the library which one of the “n” - “m” data storage
drives of the pool is the drive dedicated to the host application for

mounting the selected portable data storage cartridge.

40 As an alternative embodiment, the triggering event comprises a
“Regerve” request by the requesting host application for a virtual data

storage drive of the drive image provider. The "“Reserve” request is



provi der as a request for a drive of the pool. The drive resource provider
additionally indicates for the library that the dedicated data storage
drive is wedBoatsed to the requesting host application for PeoGR/08745 any
portabl e data storage cartridge selected for the data storage drive as
identified by the fixed identification 4s the virtual drive. As a further
alternative enbodi nent, the triggering event conprises a comand by the
requesti ng host appli cation for a virtual data storage 10 drive. The drive
r esour ce Jacomedehy aadi &ﬂl@@ag.nlayeiﬁ@bﬁ@éxeSnéﬁlfylrhﬁ the brakvy rdsbatcet he

dedi cat ed 45, SLoLagealLL Ve 8 dl3dhcal efl (ol o ke st LG AN
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virtual dtbyege @5ivEnés diedieatedsourbe mavestdas rasspepridcavion &Hut F‘P‘g‘gtéPBng
event 1 aehgtpdigabe khea Restagapphitcatigd BedstedesirgBRd idaga stdaide Skdrage
drive dedlcat I G105t 2 2RAL I B3 LON gt vl cating the data
st orage dLrl\glrgii:igdfbsleégéaffrg!%!r‘ﬁ{tl%g{’?tr rflgvaeéll maaée provi der, d;smd adds the drive 20
to the freed data storage drives of the pool. In one enbodi nent, the
detriggering @gemtfusthgr rtteynat tverarprilipgnt. heheldrigIRFEry rﬂj’eﬁ'bsqomprlses

appl i cat iz0BolnandesipYRE AcheNag Qlost Nppacitabhetdab avistoshgats atbragiges
f{pmthe dedl Ca&ﬁé?' dsi%@ r‘gg&[]r%gepma abidanthiigd: A ABes %rt&% vigtyal

data storage drives. drive resoyrce row Rravides 25
an i ndi caFPFBthF’o?‘eqlﬁét‘Fq P& FEPTRSIS: ?’f’?’lenbs (R G & arétatque“t1 Page drive
as the viapplidatden fer atouphinshanheoptailgbfiztad st erage orageidsr eeiafged ifer

mount ed. t|h@ &en;at Q@fra@&bﬁﬁlva&l&t idddtef et by Qger Engdevdsniti corpios@s she conmand
by the d host application to rel ease the dedi cated data storage
drive, ent one of the virtual data storage drive. 30 In a still
fhsrther enbodi rrent the detriggering event conprises non-use of the

dedi cat ed dat a‘hst@lager@mlw poevideprreegeerdsni-aetl det igogsting peditod. Upon
expirati Qﬂl@t{ldgheo phedeiser dppnedatiionearl Hefigiha O0thg thdatdr serage eaue ce

provi der ggt grd ﬁ@eéefeﬂgg% dgofhoweapppiéa@%e dab A3 0% 288 @Racartridges

remai ns nounted at t dicat e or age dr|ggt an Otlfl s..the
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data storage drives. In such case, the drive resource provider provides

25 an indication for the library identifying the dedicated data storage drive
as the virtual drive at which the portable data storage cartridge is
mounted. In another embodiment, the detriggering event comprises a
command by the detriggering host application to release the dedicated data
storage drive, identified as one of the virtual data storage drive.

30

In a still further embodiment, the detriggering event comprises

non-use of the dedicated data storage drive for a predetermined time-out
period. Upon expiration of the predetermined time-out period, the drive
resource provider determines whether one of the portable data storage

35 cartridges remains mounted at the dedicated data storage drive, and
notifies the library to demount the mounted portable data storage

cartridge.

In another embodiment,  the library comprises a plurality of virtual
40 libraries, and at least one of the plurality of the virtual libraries is
assigned a higher priority. Thus, upon “m” - “n” equaling zero, meaning

that all of the data storage drives are dedicated, and upon a triggering



8 event for a virtual drive of the higher priority virtual library, the
drive resource provider deall ocates a data storage drive froma | ower
priority woriswoadsoti brary, notifies the drive inage provi decCTaiBoioa743

deal l ocation, notifies the library to demount any portable data storage 5
cartridge fromthe deal | ocated data stofage drive, and dedicates the
deal | ocated data storage drive to the virtual drive of the higher priority
virtual library. Additionally, data storage drives may be added, del eted,
or 10 exshanged iRitbeaipas]veobs dieansdhekaga odidw @srifalt Nibrdey v@neesour ce

provi der Ul S8, A1 X1 TRO%BT V08! CHALASLEIIACS: LRec ki b Ulueflr] vES as

unchange n one rive resource provider comunicates

Wi th the Prig8tif) VErSUakgePpRBYi BRTLIRDI i FvE H?aig\‘?ep’f%ﬁ%r 40t having a

i st of tdeelimaatuer, datifistthegéilaryes deorpunk sinygpettebleedpsa shegage

i ngli cat i nﬁrwﬂgdaha;m ShOIIREIEL Bt e D20 stbeageoativdedinntiedi @ses haevi rt uaI
drives. & Mo e ALES Bl vb WL REL Gl gnd £121 SN

shoul d be rra eJ"’M‘IEJ‘1 ({?ég;gﬁ%[rr%\neaﬁgi ttg.l te gdpc;crl ptllvon t aken |glr11 anj unc |on
with the ACEGHPAMRTaTY- dr awi ngs. Bri ef Descrl ption of the Drawings 25 FIG 1
is a diagrammatic representation of a virtualization system in accordance
with the preseqaieihadiyeahia Bkéragd 86ivab mayop@taddded videtetdd, anr aut omat ed
daja st Ore§9§%Adﬁarﬁ{ xhevxtyoﬁh 19 ta rmkﬂﬁnhrs;moge rmetén% ;&%upcreesent

i nvention ram of the aut orrq:rL? sdt ora
library dFovVEleE ?‘t fﬁﬁ&rﬁﬁ? W?‘h pﬁ §3[d3§pf)}ﬁr88ﬁrdﬁ§s o Jorr%ﬁ‘i’:‘)nen

i nt er nedivachanded. host applications and the automated data storage I|brary
whi ch may inplenment enbodi ments of the present invention; 35 FIGS. 4A and

4{3 are r eSptethélVQJlé/ PP 3B £Rfle ;’dﬁ‘@@ s o?ﬂ:e%%@h@f yCOﬁH&Eltc«a@éﬁfwdéﬁ &he
storage cartri ored in the stqrage shelv

att omat ed*d%t al“‘g?%r%@%ldﬁrbg'%%ﬁyb?g = g:"swe O] ?%1&011&]3’1&% EAS Na g%e are
di agr amratirtudl] Basa rsa?lrazsi?sdblfveéx%qmlfa?lylgd\ﬂitevemaﬁermg@d tiapieding thecdtdance
Wi th the gibesfntirerdaodf repet podM &R /CAPSDAE PHeTHGRRAL 08448s. 9 FIG 6 is a

di agrammatic illustrati on of an exenplary drive table in accordance with
t he present enbodi rrent 9 3 a d% agr ammatic illystratiqgn of an
erstan ing o e present inven i0n, rererence

exenpl ary | i br&fy? i

20 should be made to the following detailed description taken in conjunction

with the accompanying drawings.

Brief Description of the Drawings

25 FIG. 1 is a diagrammatic representation of a virtualization system

in accordance with the present embodiment;

FIG. 2 is an isometric view of an automated data storage library
which may implement embodiments of the present invention;
30
FIG. 3 is 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;
35
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;

40 FIGS. 5A and 5B are diagrammatic illustrations of exemplary drive

image tables in accordance with the present embodiment ;



5 table in accordance with the present enbodinent; FIG 8 is a flow chart
depi cting an enbodi nent of the nmethod of the present invention for

confi guriwg os2¥btering the configuration of the drives @CTiGR2A8M46mat ed
data storage library of FIGS. 2 and 3; 10 FIG 9 is a flow chart depicting
an enbodi rent of the nethod of the pre%ent invention for the drive inmge
provider of FIG 1; FIGS. 10A and 10B are a flow chart depicting an

enbodi ment of the 15 method of the present invention for the drive

resour ce provirder e©fisH Qiadranimgtid 6l DGR tpnevL rns exdnipbaryl Hrige aableovnchar t
depictin i 0 .the present invention for the
drive re%gggr}%%gggg'}vli gheoFréFs{é%t%ngm%'detri ggering events; and FI GS.
12A, 12B and 12C are flow charts depicting an alternative enbodi ment of
the present i Mi€ntT én 4 ciagtamario/éliustoarian pf (Wi eampdfry REPxary fmppge

| ocki ng dabfe Shose@RasHdeV@Sth 2he PRbabdedmbREaehpti on of the Invention This
invention is described in preferred enbodinents in the follow ng
description with reference to the Figures, in which |ike nunbers S%ﬂ
represent the F2ane dF ZifAPY £P25E SFBATSNIVET IFBPYHMERT fFehts BR°1E QB bed

i n terns poksdrte ilpesittiomnder f anfaghiieyi o al tergng rihentérgigsraghipecti ¢bs, it
will be appreci-atald BYcdlose saki ldeedadd 1ihenrgrés trhas. vasiantions may be
acconplished in view of these teachings without deviating fromthe spirit
or” scope of the invention. 35 Referring to FIGS. 1-3, an enbodi nent of a
virtual i zati ofISyst émaAGLloy chprt (fepiatidd dhictRodreretd BRI ERRCarT oifte

bet ween hesterapphvaidtomEsyr tHechrivaesihast pappkbecatti brs 11, 12, and data
storage drives 15 of an automated data storage library 17. The library
stores a plurality of portable data 40 _storage cartridges..14 in_storage
shel ves 16 andIff 0\)‘1’°ﬁe§"da?1°%1€(’fﬁsas(§i°‘?’ B8t d%gfcriﬁ‘gf%ﬂ' PP AhERaT tc’lfn%h? he
pos t abl e méah@d of orlegerew@nt rimdgesidrefweahe thdve stespurre shelides ¢fndl¢héd dat a
storage GLkVEsSgg¥¥3nd36R23597 PCT/ GB02/ 03743 10 At |east one drive inmage
provider 30 is coupled to one or nore host applications 11, 12, and
provides an inmage of at |east one fixed virtual _data staorage drivg 0 each
host appli catif8R; Mhif & LeU&PRYE GPPETEPA RS SBRRTHARTC &5 UIf BRERMeR: tHE host
appl i cat ipgasaitd igadnaien Gbageredirives redouace pooviddr bfH'FIdatla ferorage drives

1% of theeapi et ef Jald;sie age library.

FIGS. 12A, 12B and 12C are flow charts depicting an alternative
embodiment of the present invention for the drive resource provider of
FIG. 1 for locking data storage drives.
25

Detailed Description of the Invention

This invention is described in preferred embodiments in the
following description with reference to the Figures, in which like numbers
30 represent the same or similar elements. While this invention is described
in terms of the best mode for achieving this invention's objectives, it
will be appreciated by those skilled in the art that variations may be
accomplished in view of these teachings without deviating from the spirit
or scope of the invention.
35
Referring to FIGS. 1-3, an embodiment of a virtualization system 10
is illustrated which 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
40 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.



The drives 15 of the library are thus shared between the host
applications. The drive inmage provider depicts the inage in comunications
wi th the wosB/oksIEnpl oyi ng fixed identifications and fi xe@dCIGERDN3740f
responses to the host application for each of the virtual drives, such
that the host application is provided w%h the appearance that aII of the
host's virtual drives are dedicated to the host all of the time. Further,
t he underlying physical drives may be different at various accesses, and
drives may be added, deleted or replaced, all wthout 15 requiring a
reconfiguratiqn of the hast applicatiol S

provi der 35 i gA cgup X grﬂ'ue ariv rl‘ﬁ%ege%dr ggl%{ #;Y&[ t(S)AO% °§§‘§/Jr§ng‘5%| e,
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25 one ofThehdrives 15 pfnthedbihrasy ;rggehwr Phazgdobetvisen 6 hegf t he vi rt ual
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|nage provi racteri zes

f ?1 {]Fnagve lqilvetothe
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di rect s coshuiatathiecohosn appli cdetidrc 45 ceronhded yith 46 IMPEFEATS tfw Phje of
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dedi cat i (}%691]; za W%S@ly@ﬁ%‘ﬁ%yﬁca% flrvreganllaydf)e Vﬁ’ffe%t:g;t dlrai‘i/cﬁlsl mage

provi der Fdr act er| ze e virg drive'to th host

appl i cat i3GAeHES nFd FEhc?)?"maYA§eaaer§9a f5tated REt* Zﬁfﬁfﬂ g]:nﬁ’r; T a fake
coipl et i oransipans eegpniignepcrneef shathest hreplhentiedi deviise |FAMRT i n  t he
drive. 40 In accordance with the present i nvention, the drive resource

provider 35, upQp; JLEe8ly, 9 o(,?&éfe% fOLo @148t & $HOTAIFe Uihy€ pilGTudals! Of

the data storage arives o are al l'ocated, 1 ndicates to the WD
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the requesh when &l oef cHehfoo1dbE % adtRrabd @eat&l ar@nnaneiteat 4OEredy be
made thata t he regbulestfeg a%[qlé/eenks avai l abl e for nounting a portabl e data
st or age SE T d’ge currently unavail able to conduct any subsequent
comand requiring a m)unt ed portable data storage cartridge. Thus, the
host applicatimue didive désousceapsoviggrt Itrespondi| to haviesiggedidaewtndr age dri ve,
and can rRhh¥stQhg 4 U itbs dHRXhodtOBPRINdat RinAliMRal QartiRe, dindv@edikheddre next
ngnﬂand (%%gsof the *n” - “m” data storage drives of the pool as the virtual drive,
indicating the dedication for the drive image provider for the requesting

host application as one of the fixed virtual drives.

The drive image provider 30 characterizes the dedicated data storage
30 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 as the virtual drive.

Prior to dedication of a physical drive as a virtual drive, the
35 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.

40 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



not require that the drive be ready or that portable data storage 10
cartridge be nounted and ready, the library may be able to handl e the
comand. Wba3@eisye resource provider 35, subsequent to pr @¢TdiBug/0she

i ndications, awaits a request for deall ocatl on of a data storage drive and
15 denount of any portable data storage Yeartri dge at the deall ocated data
storage drive, and allocates the deall ocated data storage drive to the
request for a drive, and indicates to the library to rel ease the hold of
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rary for th accessing data st'orage nedia conprising physi cal
vol unes d?o‘“ﬁ%etl c tape cartridges, such as an | BM 3584. Alternatively,
the autonmated data storage library 17 may conprise an optical storage and

retrieval |ibrikyaride fedodbe @sSRicke3d,i bivdauedt ¢o, pratlimdethdied herein as
storing porta}d% sd%twgltsst 2" A8, gardy ggﬁﬁmﬂmnd&t 8 &lQr 805 9L 1489, 1R ead
and/ or wi nt ot t fe dara rose a processor. ?1
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sel ected partabl e data storage i dge 14, and an accessor 18 for noving
the gri pp%’r Betietn °a ahv t&?a‘g% s%g](efSHG and a drive 15, or between storage
shel ves. The accessor robot 18, 20 may also conprise a bar code scanner
229 or sim | arinvpse eRamyist eone nrnumredlmathelnﬁgfgmirppvéiersm3 may "alesadve
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cartri dges ¢ah € rrprl se’car casse
resource provider 39. Data storage drives 15 are shared between virtual

libraries, but storage shelves 16 are preferably separate.
25
A host application 11, 12 may comprise a host processor, such as an
IBM RS/6000 or an IBM eServer pSeries processor, and all the applications
running on the host processor, or may comprise one of multiple
applications running on the host processor. Thus, the host applications
30 are depicted as each comprising a processing system having a processor 36

and storage 38.

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

automated tape cartridge storage and retrieval library for storing and

35 accessing data storage media comprising physical volumes of magnetic tape
cartridges, such as an IBM 3584. Alternatively, the automated data
storage library 17 may comprise an optical storage and retrieval library
or a tape cassette library, etc., each defined herein as storing portable
data storage cartridges. The data storage drives 15 read and/or write

40 data on the media, and may comprise a processor. The library further
comprises a robot controller 41 for operating the accessor robot 18, 20,

and a library manager 40. The accessor robot 18, 20 comprises a gripper



contai ning optical or magnetic media, respectively, or any other renovable
storage. 10 The robot controller 41 and |ibrary nmanager 40, conprise at
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processoray adtaRdorR- Medidhi, | fiches® kY £ Elppy adlidkSoit tcdbkev.buf fers  and
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eServer pSeries Ggabit Fibre Channel Adapter. Host lication 12 js
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and related actions of, the drives 15, and the 11brary manager 40 is
coupled with, and coordinates the operation of the robot controller 41.
The library manager is coupled through the interface 42 to the host

25 applications 11, 12. The library manager 24 has a library manager
database which is stored in storage 46 (typically one or more hard disk
drives or flash EEPROM) for tables and programs. Data access commands and
information to be recorded on, or to be read from, selected portable data
storage cartridges 14 are transmitted between the drives 15 and the host

30 applications as directed by the data image provider 30. The library
manager 40 defines each portable data storage cartridge in terms of its
identifier, which is typically a volume serial number, or VOLSER, or,

alternatively, in terms of its location.

35 The host applications 11, 12 are typically coupled to the library 17
by one or more components intermediate the host application and the

automated data storage library.

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

which each interfaces with the appropriate connections to couple to the



Anot her exanple of an intermnedi ate conponent conprises a gateway or router
56 having a plurality of interfaces 57 wwth the appropriate 10 connecti ons
to intercwomsmeisnyg a nunber of processors in a network, swrch/GRr/odT4SCUSSEd
above. The gateway or router conprises a processor 58 vvlth a non-volatile
menory 59 for storing the operating sys% em etc. An exanple of a gateway
or router is the IBM 2108 SAN Data Gateway. Qther suitable term nology for
the present adapter, router or gateway are "controller", 15 "director" or
"intelli gaBtasiot Cib otidid ih&&&@dmte%&nlﬂonéﬁtst hend@tb tTRYho@NupSlieat Dérfaer
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host applascatsausésd abdye.l2Theagdtevay autr@n'a@redommrtlaestaopageeswbﬁ&r yitk7a and

the drived,esldkce aage@ydeg fo%Ss@&qul@@so@exﬁem@o@?éﬁenSGewt ekdiRghdie the
host bus adapter 50 or

A a_further
drive i met ap‘?a&\'?‘('%lyerps %‘ﬁ‘% g%rlgs%e ic11e\t§| ce 8?|tabers afy théethgsssélcll g@ed host
appl i cat itemminelogy Xoxr e P??ﬁ?“ﬁri‘%t?’é’séew% BY GALEERY 852 CEAPTISEET a
cosrponent datedtoe” adit onmieadighatraswisicdr aged| tHosarof B¥ilisuchtimsattheali brary

manager 40.; & ot biderf MR s o¥aNMPI € conprises the drive image provider(s)
30 as incorporated in a conponent 50, 56 internediate the host application

and the automated data 40 storage library, and the drive resource provider
35 conprises &heopprsaesnrs 8. CReTWUFOIRILEH HATPTOCEFIFE | TP H2Y. WO
03/ 02359 7nkel/ie802/ 03743 14 The library image provider(s) 43 and the

| jbrary resource provider 39 are preferably both incorporated into the

ZBLF:T? ;S :j 0 g 2t ?:Ifs g%crfarggncel Iw? t!:ha rt:}{e presgntE?g\Denci):fl Oltl h %hg rc?rclgrg SPH{‘a%;e 3p6ro(\)r§. d(grh e host

30 and/or the drive resource provider 35 may be embedded in any of a 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

25 each incorporated into a device driver of the associated host application
11, 12, and the drive resource provider is incorporated into a component
56 intermediate the host applications 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

30 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 resource provider
35 comprises a component 56 intermediate the host bus adapter 50 or host
and the library 17. As a further example, drive image providers 30

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

40 storage library, and the drive resource provider 35 comprises a component

of the automated data storage library 17.



processors 54, 58 of the internediate conponents 50, 56, and processor 45
of the library manager 40 of the library, may be provided with an

oper at i ngweysiwesseand appl i cati on progranms, and nay conpri PETGRIGOaB for 10
operating in accordance with the present invention. Each processor nay be
provided with a database, respectively,L%B, 55, 59, 46, which includes
storage (typically non-volatile nenory or one or nore hard di sk drives)

for tables and prograns. The application prograns nay conpri se one or nore
conmput er program products, conprising conputer readabl e program code. 15

The conput er praof Afp.pr adugt 2618 By aseBla kRYeNbion, TBYohe. SBRlagd Wi th

an application programand stored in the provi ded storgge, ma%/ be supplied
with a diddkars reterepl RANAIICaFRATALEY 285° MG TUWPPrTEesth s5P13% e of
manuf act uieraryag7be recei ved fromone of the host systens 11, 12, nay be
regeived fromthe network, or nmay be received by other sim|ar neans. The

20 reqUiren?n%:tgnﬁ;ggesgggg %rs %ianﬁwnEquge%jkgtf tlfﬁ?X,Store digita
represent at i ons cof corrplﬁ er execu aB. e 1 nstructy ons. e comput er readable
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cartridge ds i trat Whieh, anph 62w COMRELE SE JBENgL,i ¢ tape
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rive resourgc rovi.der t C [ ] .Lyes 0f.t he
pool of a atagotl(%?aagnéi ]f?g\r%glgé'to ?%%Eéflrct%&g% %? |gc\;/es orgé%)teac Lg{%ost 35 4
appl i cat i"9Ke CFABUERY PEOIHRRGRF UBT s R IBEY EFBPWYT t 18 ot IS BX19rafede -
pr®Vi der srhpecdnpdiea lprygfamopraduet difi Yiee peserntc énysmo ¥ @y divd sugrldeédiithor
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t hose driptesesdor oxiembiddseds by neans of the list 75. The fixed list is
suppl emented by an identification
25 In FIGS. 4A and 4B, an example of a portable data storage cartridge
14 is illustrated, which, for example, comprises a magnetic tape
cartridge. The cartridge 14 has an identifying label 60 on an outer edge

61.

30 FIGS. 5A and 5B illustrate examples of drive image tables 70, 71
that 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

35 application. The drive image tables may be read by the drive image
providers periodically 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 the table each time, but rather may look for any changes.

40 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



5 of the characteristics of each virtual drive 76 so that the drive

resource provider may provide fixed identifications and fixed sets of

r esponseswbD®3/023%¢7 host application for each of the virtualPCarGRroe®3748s one

exanple, the <characteristics may include an unique serial nunber for the

virtual drive. As a further exanple, tie characterization may conprise the

sane address 10 for the virtual drive. As an additional exanple, the

virtual drive may be provided with characteristics which include a type or

manuf act u.ge dxpigsilgmamaﬁimi fofdeh JHRREvirdllls diivel . althevadife thidgee

resource rovi der f. etern ne _the . respan .

dat abase.? Vlazgaﬁ §f?\;el(raﬁgaitﬁn\_/lemae?ﬁb5%!Lngé%%(ggﬁgl%hrt?%/ne o?n%%egfznglfréq?f‘]t %%]é drive

resour ce 952t OFRIRATERP ABNPFPSEIRFy 23A TheEAt FFiVeT a%% TEPeRESE B rt val

drive, amgan$ e dne Uést mdge Theo¥ixdar 1imy imedupbdénent ¢k byhar ddertriifd tagion7 6

]f 0f e?ﬁh oV 'u;aé %@Lrg%leyﬁstiéé cltfhga&r iv‘i@t#a@fﬁﬂirvlg?7@rsgvﬂgﬁr tﬁ@(lilirﬁx_?é @ssélidaees
romthe pool. o ysical drives_p e lLibrary.to ve e

provi der &8?’“%%&%?5 Qvg%pﬁxcegt f%er?f%lfhc(?stéoragr f’l\r}es_ﬂécg% Séaltéogfl gé%‘ﬁolnfs %gerg:%??,

for exanyihe, hesF pRINicppionSEss epgh (ff. they ViR f{iSeP at 89 PP ®Let Hgde *

Ir epr esentchaascteristCiabi @y ibdlatdenan phy@iec abrigli menbes Tur tlen tvii ytuwds dyived

virtual dig ¥eruAhsO ex@mpll, tHLPALSRBLSAB8n daphithbeale ghé wandiddirbiss

agsi gned. . but, none. 3 SULLENGLY. 25,358 A0edyafitr Lo B8 AlACHSRnay pe

opti onal 1§ tfe ariVe Pes8ur && Pt Vi der ey -al s6 provi de the

char act erirevidag 7ittorhazpchesissighatiiphyartyde art¥ps, o FGERAS S Sseri al

nunber, tdepegnaranmifaaat ametelesimganat | Tnisantllorlbodehe drdamdaresod®eRef erri ng

addi ti Onadrjo¥ic§é§ £ %témitﬁtagtrw EVEed t@é@wfcee gyéﬁeg%rfatsa%mjamset.heAshiaar arly

resource provider of . i.ntajns riv . e physica

drives 81£§ﬁﬁnattﬁ‘é‘i“ r® ﬁ%lrmeeﬁf' a%lgirr(grnlf‘r'gnjtmag?atsat AT uogf %Se d?ﬁ’\r’%fréa(rgé, {c{% the table

805 al so inveVidhrsmahorprisgcedyi a1 ildengFisr "Salpr SACh tHELWYHY SFER: 8% ves, as

above. 3&nBed€ivei Nithgadshidvi@aamhy MaAntdi@ tie chheadtiebisriys 176 6br Fa@S. 2 and 3

may be aqggggp&gﬁqe directly coupled to the host applications and

receive, for exanple, requests for the library to nount identified

portabl e data storage cartridges 14 from storage shelves 16 at identified

40 virtual driAsethe Poive conrrrdat ravhdee dpdifsest Jrivere fFPBrideyPBnpEi ses at

| e@st onenybbéar yrivesger ttabl B pBory ThetHeablbrel dheatiel pr@g dehefori tHeuabst

| TDrar espas cA0n { REoYL Lhale JEL LS. Bbaletiical A b0 @A Miyakm] 1 ary.
WO 03/ 023587 PCT/ 68027 03743 16 Additionally, the i brar%/ may. 1 ndicate the
priority ¥8IcterPRe Vr BRARFIIISTHRERY X HURECwHT N Vi FERERPSPTDHA-r VPGP VT ual
drive is taathor phpgic8® drgve is currently assigned virtual drive. Also, a “W”’
represents that a physical drive will be assigned, but none is currently
25 assigned, as will be discussed. Optionally, the drive resource provider
may also provide the characteristics 78 of each assigned physical drive,
such as a serial number, type, manufacturer designation and/or model

number.

30 Referring 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 and their current assignment or status 82.
Preferably, the table 80 also includes the characteristics 83 of each of

the physical drives, as above.

35
Referring additionally to FIG. 7, the library 17 of FIGS. 2 and 3
may be arranged to be directly coupled to the host applications and
receive, for example, requests for the library to mount identified
portable data storage cartridges 14 from storage shelves 16 at identified
40 virtual drives. To accommodate these requests, the library comprises at

least one library image table 85. The table identifies the virtual

libraries 90, and the virtual drives 87 dedicated to each virtual library.



use a spare drive. This information is presented to the host applications
by means of the library inmage provider 43 of FIG 1. 5 Each virtual library
i s assi grwo :/033sp7 of the storage shelves 16. The sane vi PCOalBoRiobr4ary nmay
be shared by multiple host applications or may conprise a separate virtual
library for each host application, or there may be a mix. Table 85
identifies the virtual libraries in colum 10 90, and the set of storage
shelves 16 of FIGS. 2 and 3 assigned to each wvirtual library are
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25 In the illustrated tables 70, 71, 80 and 85 of FIGS. 5A, 5B, 6 and
7, as examples, physical drive “DR3” is assigned in the drive image table
70 as virtual drive “AA", and is in virtual library “0”. The drive will
be deallocated when released by the host application or when the host
application issues a command to demount a portable data storage cartridge

30 mounted in the drive. Physical drive “DR1” is assigned in drive image
table 71 for virtual library *“1”, and is dedicated as virtual drive “EE”.
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 will not be deallocated when the host

35 application issues a command to demount a portable data storage cartridge

mounted in the drive.

The relative priorities 88 of the virtual libraries means that, in
the circumstance where “n” - “m” data storage drives of the pool equals
40 zero, indicating 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 application, e.g., priority *“1”. With



the use of virtual libraries, the tables depict the option of assigning
physical drives 97 to virtual libraries 90, thereby defining a pool of

dat a storwgasdessyes. If only one library was enpl oyed, al lpcrieBdas=3
storage drives except spares constitute the pool of drives. Physical 5
drive "DR20 is, at the nonent, unassign]zgd to any virtual drive, and is

i ndi cated as "FREED' and avail able for assignnent. Physical drive "DR7" is
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ded etes the assignment of the 35 plurality of library data storage drives
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virtual lJeBufE.chgn 1gg$g;sed cost for the library. If the transfer is made, the
drive resource provider adds the spare data storage drive to the pool,

deleting the drive as a spare data storage drive.

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

35 plurality of library data storage drives as spare drives at least to one
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
40 no dedicated data storage drive, and is in the circumstance that the host
application requires a physical drive. However, no physical drive, either

a spare drive or a drive from a lower priority virtual library or lower
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the "W neans that there will be a wait until a data storage drive becones
avai | abl ewonstokssonor nal  operation of the library. 5 FI G p&TidBI2eBT4at €S an

enbodi nent of the nethod for configuring the data storage drives 15 of the
library 17 of FIGS. 2 and 3, or of confSiguring the virtual libraries. The
configuration begins at step 100 in a startup or initialization 10 of the
library. Alternatively, a physical drive may be added, deleted or replaced
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oper at or, havi n use gﬂ g Eare data stor %gcomersl é/\%lzllg?dl rec h\éego ne nessage
as di scudsed "é?ﬁ 3 BRASEE™IT 46 oRe"BF S he spare drives to a
pool of @ppv@onb@fgﬁhmhgr@ty step 102. If the system operator 15 was
presented with the choice of enploying the spare drive in a pool or of
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| i brary iconfidurahd yeheegiritpel liithradiles- ci rcunst ance. 20 Step 105 may be

enpl oyed for the situation where the use of virtual libraries is optional,
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y the system operator ri;se a def au o, e in whic
all of tﬁgemﬁ‘?‘ﬁ’gr FrEPdtg v8 itg rQ:P y= PSP Chal T i %‘qgrlﬁs In
step 111,spehe &pee erddiives tcalae ‘i@eaﬁ%@d.sww s pHP &edPriigsr PRt

est abl i shed Bibrhhe ifsi s@uvhbBy rebeirddi b ahys IArofmdehfsS:. 2 and 3 is sold or
installed, or may be set by the system operator to control the price paid

[0 the | [brary., Th urber. 2040 Avotel, SLlvss ity Ui L8 00l alydrf ves
t he nunbépbg#rlgpa:rqg ogeiaprad, SMA determines whether Vlrtual 11brar1es
implemented. If virtual libraries are implemented, “YES8”, step 106
determines the next virtual library to be configured. If virtual
25 libraries are not implemented, “NO”, the physical library will be
configured for a single set of virtual drives. The process may be
conducted by the library resource provider and/or the drive resource
provider, and the library resource provider is required if virtual
libraries are implemented. If virtual libraries are not implemented, the

30 library image table 85 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 information may be provided by the system operator or
35 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
system operator to control the price paid for the library. The number of
40 physical drives “n” in the pool of drives for the virtual library is the

number of available physical drives PD less the number of spare drives SD.
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use; a LEASE command to rel ease a reserved data storage drive; or other

simlar types of commands. The drive image provider, in steps 141 and 143,
det er mi nes whé@herer i3% CBATHRER Y PGS FRISH EeTe IR AGD PG ofL L Of
constit uttds -@irtbaygebrax)esdthveviestn osnfdgdedd.i ghemsbngerevéntirtidl t he command

const | tUtfiﬁrékﬂégiﬁﬂy%rﬁéﬁlbeen implemented, the process is ended as illustrated
25 by step 126. If not all of the virtual libraries have been configured,
the process cycles back to step 106 to begin configuration of the next

virtual library.

FIG. 9 illustrates the process of the drive image provider 30 of
30 FIG. 1 when a host application provides a command for a virtual drive at
step 135. Examples of events are an INQUIRY command; a SEARCH command to
search for specific data from a mounted portable data storage cartridge; a
READ command to read data from a mounted portable data storage cartridge;
a WRITE command to write data on a mounted portable data storage
35 cartridge; a RESERVE command to reserve a data storage drive for future
use; a RELEASE command to release a reserved data storage drive; or other
similar types of commands.
The drive image provider, in steps 141 and 143, determines whether
the command received from the host application constitutes a triggering
40 event or a detriggering event. If the command constitutes a triggering
event, the drive image provider, in step 144, notifies the drive resource

provider of the event and identifies the virtual drive and may identify



event, the drive inmage provider, in step 144, notifies the drive resource
provi der of the event and identifies the virtual drive and may identify WO
03/ 02359 WB@3NEBo2/ 03743 20 the host application. |f thePcoremmg3743
constitutes a detriggering event, the drive inmage provider, in step 149,
notifies the drive resource prOV|der of® the event and identifies the
virtual drive and may identify the host application. 5 In step 140, the
drive inmage provider |ooks up the virtual drive in the drive inmage table
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bet ween tdvemaelwest inage hesh mppldeate orheahtbralme. dedi cat ed data storage 35
dppve of the pool of "n" data storage drives of the autonmated data storage

Lporary. The GOl C@ﬁgtoee%é tgea{qagfﬁoca@go& ARSI et 38 GO a PO

that, fromthe s ication, e conmunl cati on
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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
25 the deallocation of a physical drive are called detriggering events, and

comprise RELEASE commands and other commands having the effect of

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

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

30 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,
“YES”, the drive image provider, in step 143, directs communication
between the requesting host application and the dedicated data storage

35 drive of the pool of “n” data storage drives of the automated data storage
library. The communication is destaged and translated as necessary so
that, from the standpoint of the host application, the communication
appears to be between the host application and the virtual drive. The
communication comprises all that is expected to follow as the result of

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

expected headers, etc.



comuni cation conprises all that is expected to follow as the result of 40

the command, and will include the transfer of data, etc., with any
expect ed Weadeexsy7 et c. WO 03/ 023597 PCT/ GB02/ 03743 21 | f PCEGHI0H8743
application has issued a MOUNT command to the library, it then is likely

to i ssue a SEARCH, etc., command to the*Virtual drive. The command may be
received prior to the update of the drive image table by the drive
resource provider. Hence, the drive inage provider, prior to 5 drive
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of FIGS. filertiviRefxamnsid)gthe drlsS.imd4A pacdidbdBepptep "totkrridfenstt 0 t he

OCCUr I enGgeQfnt-aa Ertjhgg@fritﬂgl QMeRL., SHG RS- raasgi Rhe Ofnod MIANT Mggﬁégi 161,
a RESERVE comman ‘{]}n are driv suc are_you

a, n

there" 30-% BQudgt™ Cf"ﬁlo&r et ﬁg’ﬁtregu?sg:eﬁe% k8 IR e g}aﬁl@%p the'S &quest
wi || haverbeth ceeeadveri eyiehbagnd ge ‘F’ﬁa@% tﬁFoW%é?aS&ﬁﬁ the drive resource
peovider notified in step 144 of FIG 9, or, if a MOUNT comand received
directly by t ohlgregr 1/35 Qﬁdf/aamgﬂthu bxroa{)%vs1b£1 Icﬁ»lpé Qi Qgﬁlyéatlaacrdusye
resource provi as a dairect tl’l%lg devq:nt dln ste cPa% e, Ttge drive
resour ce aﬁ‘rBW‘H&F &@FE‘F‘H n&% FERE™ '[f]'éﬁ% ete., as discussed avbo

drive image provider responds as the addressed virtual drive, employing

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

25 of FIGS. 5A, B5B.

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
command 162, or a request 163 for a drive, such as an “are you there”

30 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.

35

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,

40 71 of FIGS. 5A and 5B for the virtual drive.



drive for which the triggering event is intended by the requesting host.
This typically is determined fromthe notification or conmand itself. In
step 172,wDhg/oe¥spve resource provi der determ nes the drivecTraRpe/osabl e 70,
40 71 of FIGS. SA and 5B for the virtual_ drive. W 03/023597 PCT/ GB02/ 03743
22 Having determned the drive image tdble, the drive resource provider
accesses the drive inmage table in step 175. In step 176, the drive

resource provider determnes fromthe drive image tabl e whet her a physi cal
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|'ocat i ng sl ca e driyve L0 185, the
drive res%ﬁ??:“émﬂr%’(h"ﬁgr Hlé‘{)é%q‘t‘?‘?ée‘ar‘?\}"éu?slnééé‘get IBY £796°2 gi agf FIG 5A or
5B. As diteps¥edtabdve; the drive resource provider thus maps the
abéd ocat ed and dedi cated drives of the pool of data storage drives to the 35

virtual drives;of gach-NogtiAPRLI £ALIGNe, THRAUDMAL 64k Chi Ve tRBAR:L&DI es
resource provider, in step 185, allocates the physical drive to the
virtual drive, dedicating the physical drive for the requesting host
application. If more than one drive is available, the selection of the
25 specific drive may be made in accordance with any appropriate algorithm.
As one example, the drive having the closest characteristics to the
virtual drive may be selected. As another example, the drive having been
idle the longest may be selected. The drive resource provider thus
increments “m” to the value “m”+1.
30
Upon allocating the physical data storage drive in step 185, the
drive resource provider updates the drive image table 70, 71 of FIG. 5A or
5B. As discussed above, the drive resource provider thus maps the
allocated and dedicated drives of the pool of data storage drives to the
35 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 185. 1In step 187,
40 the drive resource provider indicates to the library to release any hold
of a mount of a portable data storage cartridge relative to the request,

as will be discussed.



may be accessed by the drive inmage providers periodically fromthe drive
resource provider, or each drive imge provider nay access the associ ated
drive i newe akise7 as needed. The drive table 80 of FIG 6PCI/GH03Updat ed
and may conprise the allocation of the drive of step 185. In step 187, 40
the drive resource provider indicates t© the library to rel ease any hol d

of a nount of a portable data storage cartridge relative to the request,
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situation in 39 which virtual libraries or virtual drives are assigned
relative priorifies, as depicted in colum 88 of library imge table 85 of
FIG 7. Thus, with a plurality of virtual libraries, where at |east one of

the virtual I|Vabierd eptivasl alteyiearives imey itey enplayedttireplbicathea whygiral
drive, rather than just waiting for a presently allocated drive to be
25 deallocated. These alternatives are discussed hereinafter, and may be

implemented in any order.

If step 180 indicates that no drive is available, connector 208

leads to FIG. 10B and to step 210. Step 210 relates to the situation in

30 which virtual libraries or virtual drives are assigned relative
priorities, as depicted in column 88 of library image table 85 of FIG. 7.
Thus, with a plurality of virtual libraries, where 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 the

35 priority of the virtual library 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 virtual 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

40 drive resource provider deallocates 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



libraries, the drive resource provider, in step 210 determ nes the 35
priority of the virtual library or the requested virtual drive, and

whet her twe osmepsesting virtual library or virtual drive i ®CcafGRo®3ITIBgher
priority. If the requesting virtual i b2r4ary or virtual drive is of the

hi gher priority, the drive resource provider, in step 211, selects a data
storage drive froma lower priority virtual library. In step 212, the 40
drive resource provider deallocates the selected data storage drive from
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10A Lo alduseticatien PF cares ims, b9 FerRFTaRFbe FP5 FREERE. BEPSECTHE B39k by
step 243,1i5kep 2dydeteraTenes whet her the tinme-out period has expired. If
not "NO', the process cycles back to step 243 to wait for a
25 Even though spares may be authorized, their use may be limited. As
one example, a time-out is set in step 240, so as to allow time for a data
storage drive to be deallocated and freed, as detected by step 243. If a
drive is freed as indicated by step 243, connector 205 leads to step 185
of FIG. 102 to allocate the freed drive. If no drive is freed, as
30 indicated by step 243, step 245 determines whether the time-out period has
expired. If not, “NO”, the process cycles back to step 243 to wait for a

freed drive.

If the time-out period has expired, still another limitation on use
35 of a spare may be employed. As one example, the use of spare drives may
be limited to a predetermined number of times. As 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. Specifically, in step
253, the drive resource provider increments a count each instance the
40 request for a spare is received when all of the data storage drives of the
pool are allocated. 1In step 254, the drive resource provider compares the

incremented count to a predetermined limit, and, upon the incremented



freed drive. If the tine-out period has expired, still another limtation
on use 35 of a spare nay be enployed. As one exanple, the use of spare
drives mawoO m23sdmited to a predeterm ned nunber of tinmesPCAREGBRIIB74Be

di scussed, the system operator nay be requested to add drives to the pool
of "n" drives and prevented fromunlimed use of spare drives.
Specifically, in step 253, the drive resource provider increnents a count
each instance the 40 request for a spare is received when all of the data
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25 assignment of the data storage drives as a spare drive, such that the
assigned spare drive becomes unassigned. As discussed above, the uses of

spare drives may be limited by the predetermined limit of step 254.

In the event that no spare drive is authorized in step 230, or that
30 the incremented count of step 253 has reached the predetermined limit of
step 254, the drive resource provider, in step 282, awaits a request 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 determined by step 282, the
35 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 drive to the virtual drive for the host application 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.
40
In addition to releasing any held library mount, the drive resource

provider provides an indication of the dedicated physical data storage



deal | ocation of a data storage drive and denount of any portabl e data
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process continues to |oop. Upon deallocation of a drive, step 282 leads to
connector 205 of FIG 10A for allocatioff of the deallocated data storage
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in step 185, and indicating to the library to release the hold of any
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provi der BR¥sE¢dpdaAy St97798: TV TGP © Yi&uariraver d85WTES provi der
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by the reguasid bg @dkmandhi&qieypimalkbleass dehevivitned drfiremst hecedorirenyd
itself. the drive image provider in step 135 of FIG. 9. The drive image provider
25 determines in step 143 that it is a detriggering event; and 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 command itself.

30
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, such that step
35 325 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 a demount. 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.

40



30 Step 325 determ nes whether a portable data storage cartridge is
nounted in the drive. This nay be determ ned, for exanple, fromthe

i brary pwowmassise7 45 of FIG 1. A DEMOUNT conmand wi || haveTrGBlosad in a
denmount of the portable cartridge by the accessor robot, such that step 35
325 indicates that no cartridge is mourffed in the drive. The ot her
detriggering events may not occur with a portable cartridge nounted in a
drive and may not conprise a denmount. If a cartridge is nounted in the
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addi ti on&Eye ¢6hpt i%€e&T%dfli ng the "l ock” to the drive table, as
illustrated by drive "DR1" of drive table 80 of FIG 6. 25 Step 410 of FIG
12|B re|02I egent E‘I@ﬁ dqtzhigg;le_&iemseﬂmbcﬁﬁg aha Eﬂ'x&ck:h?ag a‘h raam@iszEragaakm is
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equivalent to step 185 of FIG. 10A for dedicating the drive to the virtual

drive, and additionally comprises adding the “lock” to the drive table, as
illustrated by drive “DR1"” of drive table 80 of FIG. 6.

25

Step 410 of FIG. 12B represents a detriggering event 300 of FIG. 11

in which a drive is released by the host application with a release of the
lock. Step 411 may occur immediately subsequent to step 300, and
comprises a determination whether the command ihcludes a release of the

30 lock. 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 comprise a release of a lock, such as a DEMOUNT command. Step 421
35 determines whether the drive is locked, referring, for example, to the
drive table 80 of FIG. 6. If the drive is not locked, the process of
steps 320-345 of FIG. 11 is conducted. If the device is locked, and not
unlocked in step 412 of FIG. 12B, the requested event is conducted in step
425, and the tables are maintained unchanged in step 426, so that the

40 drive thereby remains locked to the host application.



30 lock. 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

detri ggerwogseymat 300 of FIG 11 which does not conpris@ca/Grkesse of a

| ock, such as a DEMOUNT conmmand. Step 421 35 determ nes whether the drive
is locked, referring, for exanple, to t4fe drive table 80 of FIG 6. If the
drive is not | ocked, the process of steps 320-345 of FIG 11 is conducted.
If the device is |ocked, and not wunlocked in step 412 of FIG 12B, the
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wi t hout fTom scope o resent i1 nvention as set forth in
the foll cxweh@ltc PeRansing f@ov\ﬁh%?m%f? tpe’rvrese@v davarion PCEAf NS* TR . 1Pan

al | ocat i ahesfrgiflemirdgorlainsocat i ng data storage drives of an automated data
storage library in response to at | east one request for a 5 data storage
d{dve, said library storing a plurality of portable data storage
cartridges in storage shelves and transporting said portable data storage
cartridges between said storage shelves and said data storage drives for
nmounti ng and denounting said portable data storage cartridges at said data
storage drives, conprising: 10 a drive resource provider, assighing a
plurality of said |ibrary data storage drives to a pool, and allocating
and deal l ocating said data storage drives fromsaid pool; said drive
resource provider, upon receiving said request for a data storage drive
when all of said data 15 storage drives of said pool are allocated,
indicating to said library to hold any nount of a portable data storage
cartridge relative to said request. 2. The allocation systemof Caiml,
additionally conprising a drive 20 inage provider coupled to said drive
resource provider, which, upon



receiving said request for a data storage drive when all of said data
storage drives of said pool are allocated, indicates that said requested
data storwg@as@eisye is currently unavail able to conpl et e amgTaHIRME4ENT
command requiring a nmounted portable data storage cartridge. 25 3. The

al l ocation systemof Caim1l, or 2, whet’in said drive resource provi der
additionally, subsequent to said indication, awaits a deallocation of a
data storage drive and denount of any portable data storage cartridge at
sai d deal | ocated data storage drive, atiAmsates said 30 deal |l ocated data
storage drive to said request, and indicates to said library to rel ease
said hold of said nount relative to_said request. 4. The allocation system
of O aimlt, 279 aklafRbiel AYSEATdEel PdEoTaedntEd FrE IS R FdPt i%Bnal |y

assi gns afutbested data sformgedliplraralint yespbndd ltpaaty 188stdaha shoestgéodra ves as
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sai d nouriitordearayieifges pegweepqirist stamas, shrlEes g cttidofA Sy S8 Clai m
4, wher eidrises dodrmongtirgs eud Gemowrtdug deid sutskbipidata tsposatedcaridiidads on,

waits a redeieuidedotdgtarREl abmpafingai ts a deal l ocation of a data
s%é)rage drive and denount of WD 03/023597 PCT/ GB02/ 03743 30 any portable
d

a storage cartridge at said deallocated data storage_ drive;, and, if
during said priedeter RPFRIFCEiBROVHY. otsigPirdaPt it font HEAut 34T | ocat es
sai d dealdaseadtedagatdaigdsotage pdel ventd aldacat ing (arss tieallokswingseaisedatent to
expirat i QiiopfgeSatfhds FRomPBAIPPooB] lsQERIRSvS Alefosial frdvidat,aupbr age drive
to sald reduenly Ak IR S, ald 20l 0he Hrife UALA o131 OF AQEq Hkye 1O sald
request, ‘indicates to S |5 I'Tbrary to release said, hold o salé1 nmount
r&dati ve 86738 §refuesisaing Popherty pPhloserelr dPt@NBY T iR MRS, Fwher e
sai d |i brieilyg agmpourgest al Poecapllerdatit stoghgeicartraldgki tnlaties tpesddnsi ve to
said at |.g3ststone request for a data storage drive, said system allocating
data storage drives of said automated data storage library to said
plurality of virtual libraries, at |least one of said plurality of virtual
librarie®-a hitrerllogptinn systeRarf SLadt lof2ddt#onAllY (FerPFisdrarsd €51vand
wWher ei N sidage QrbovEderl Boup@ea W @a il Avidereaddicti proatider debamyi mes said
priority r%fce:".s\ailng M il !r'@c}uegl: bfoQ-VX ﬁtasﬂﬁa§@%§§é wheh aﬁld@f &a$4 Warge drive,
and, only if saldd. vi riual |Iblial’ly |? of sai d Q{C%Qeg riority, ale's@é:cfit es
sai d spard i a TS 8%5?&?%‘(?@ t Y SAMPTEGUestS FNa° i Mdr cAt'es™ 10 sar d
library tdrtpettonage dsiyel ifoferrent Walbervpddmtle &P AP Eeticoay|SYPEaRSt .

command requiring a mounted portable data storage cartridge.
25
3. The allocation system of Claim 1, or 2, wherein said drive resource
provider additionally, subsequent to said indication, awaits a
deallocation of a data storage drive and demount of any portable data
storage cartridge at said deallocated data storage drive, allocates said
30 deallocated data storage drive to said request, and indicates to said

library to release said hold of said mount relative to said request.

4. The allocation system of Claim 1, 2 or 3 wherein said drive resource
provider additionally assigns at least one of said plurality of library

35 data storage drives as spare data storage drives, outside of said pool,
and, subsequent to said indication, allocates one of said at least one
spare data storage drives to said request, and indicating to said library

to release said hold of said mount relative to said request.

40 5. The allocation system of Claim 4, wherein said drive resource
provider, subsequent to said indication, waits a predetermined time

period, and awaits a deallocation of a data storage drive and demount of



20 7. The allocation systemof Caim4, 5 or 6 wherein said drive resource
provider additionally increnments a count each instance said request is
recei ved wbhan/o2dsb7 of said data storage drives of said poolpCarGBoalob@sat ed,
conpares said increnented count to a predetermined Iimt, and, upon said 25
i ncremented count being less than said Ptedetermined linmt, allocating

said spare data storage drive. 8. The allocation systemof Caim4, 5 or 6
wherein said drive resource provider additionally, subsequent to said

al  ocat i QyOportable Hads &rdabide 30rtliaba QR Eiid/Beall0GhSedd dHES S8GEAgeNd ca_ti ng
use of sald.eParg, da! 8,807 208 Mot Ermilea Medd:26814:08 Su31540:90n A A1 M B,

wher ei n Sald drive resour nessagg FISGS a

noti fi catd°6H %0 aél%‘?%?%rﬁaﬁﬁe‘?e&tlb?cattﬁgt‘gt%s%?Ef‘??)r‘?r tBe i"eiikéﬁqﬁegtt ransf er
at | east «dme, sabdegparctadgkpirstorm@é ehiidveimet pexigidd Pdoratep)saifhepare
al §ocat i QfarsysdRByOfartlaitd SaiabefRisd; Sald HohVérikesnidcationPbo\d data

addit! onalbyad L3P, tgalg LERMEST (bR B0NLL A UBASY P0G 3L dala

storage d?|ve to sal east one sal spare dat a st or age drive

to sai d PP, cErtd imeyn "szfieaa"défﬁ tS 8 AFEMTIve as a spare data storage
drive. WO 03/023597 PCT/ GB02/ 03743 31 11. The allocation systemof Caim

10, where.n saﬂh@ Qfﬂo\égtfcﬁs%tféﬁ oPICO¥indl@r oPaSt Bkbreessiag eimda t daapal das
COpprises, a,no @ua*faa}mfslne%f §es§)v§ﬁJ a9§fs% fe d.gat a ét&aagsec drive

5 said podIa F resu ure spare data st or age
dri ves, aﬁ?a %\/r?értél fHogage givsre 5519 é%’iﬁ“bé“pﬁcé\tﬁ‘t?efiatauﬁé}ﬁr%sgﬁ‘c‘?so‘f’ a
request tsaitiranshetredatiaecastragrelibzpay eodadid stwrddgey @fi virtval sai d pool
del et es s3bdaASs| MUTBBLstObnatosl 82 p1@Rei16f cSaviktphurabiiyiedfalHiBhary data
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data storage BEcone  unassi catl on system of any
ok® of Cl%sf“r%rcf PBO‘Tlier vﬁﬁ’éf‘%’i‘%’i‘ayaﬁ Geterines fadd e Prrodt dérdagdttional | y
i ndi cat eslibhaty affsle comebetiogne daesponsegd drive.banpr ovlwldd $3idr esponse to
sai d mounfiredd 13prA9 84 l0eCalilqon: gi-hed ok oty ,abl nGaténgadatspasé aaage drives

of an  aut QIR Ld, ARl 305006ARGLLLEN Aby 1 ESRONS BalR BbrifAth AliRaLEquest

for a data s or ag r|ve brary storing a plurality of portable
data st cPagerdsr ?fr iSAg@OMRE StOrEYE E%eﬁ%sregﬁ‘astt ransporting said portable
data storage cartridges between said storage shelves and said data storage

7. The allocation system of Claim 4, 5 or 6 wherein said drive resource

provider additionally increments a count each instance said request is

received when all of said data storage drives of said pool are allocated,

compares said incremented count to a predetermined limit, and, upon said
25 incremented count being less than said predetermined limit, allocating

said spare data storage drive.

8. The allocation system of Claim 4, 5 or 6 wherein said drive resource
provider additionally, subsequent to said allocation of said spare data
30 storage drive, posts a message indicating use of said spare data storage

drive.

9. The allocation system of Claim 8, wherein said drive resource
provider posted message comprises a notification to a system operator that
35 action may be taken to transfer at least one said spare data storage drive

to said pool.

10. The allocation system of Claim 9, wherein said drive resource
provider additionally responds to a request to transfer at least one spare

40 data storage drive to said pool, adds at least one said spare data storage
drive to said pool, deleting said data storage drive as a spare data

storage drive.



20 drives for nounting and denounting said portable data storage cartridges
at said data storage drives, conprising the steps of: assigning a plurality

of said |wbroafg3sdat a storage drives to a pool, and al | oc®CiTrgBoaiost43

deal | ocating said data storage drives fromsaid pool; 25 upon receiving
said request for a data storage drive wien al | of said data storage drives
of said pool are allocated, indicating to said library to hold any nount

of a portable data storage cartridge relative to said request. 30 14. A
conput er r.ograd @Imﬂ@iorpgyﬁ:eﬁ\owlﬁlﬁ:m neadakkeinedi adrusalegomiden a

programmapl e, ¢ol gy &l mesas'age 2P o%ralprg &rqsegodusk ﬂgxwo% 9959%5?

r eadabl e progra erei l'ocatin ata stora (ﬁ’l ves
of an aut%ﬁf%&fléts&lgtﬁt&g%‘:‘ifﬁﬁ? &5VE For %%‘r?oﬁg%l ol htr PRt 7 ol F%quest 35
for a datwastireageitdr P espasaiddithifoange sirdvésngard pheraini $3idofirieer t abl e

daga st or@aeuia@r brolaes, iupostkage shel veguanded raaspirt angesat @nportabl e

data stora Cﬁrgggt%qsge g%&w%@ SAid d;éé% ragfetggeéa §S. ANGnadi-dofata; S rage

drives fO nDun | enount orta ata storage cartri

at said o°<i’tea°fst96i‘%9‘€f“6"r‘}f’\?é’s°f §éP’EFré(t d?'@aé’fm”d"ﬁé Froees ffp PPt Fore 5ot d to
40 sai d dutigest enelgehdrispéd zavdoneyl spind datosaexayeddtivestiacage |ibrary,
conpri si NGias¥¥3n@d/ 023597 PCT/ G802/ 03743 32 conputer readabl e program code
hch causes a conputer processor to assign a plurality of said library
data storage drives to a pool, and to allocate and deallqcate said data

storage dra- vesThFr?J]rﬁ°§éF’d°“p8¥ﬁte’“5°fc6‘H"}5Lﬁn§r of &3aHM & b? ddr aEEHE SRAF ch
causes a donpWespupreopesSder tagiditiguebly enéicatag tHakda rfeme@!npiﬁrloa dat a

storage Ofdspsndthel @ be Prostidd dRl:RspslsRr 8gasadsinsase of said pool are
allocated, indicate to said library to hold any nount of a portable data

storage cartridge relative to said request. 10 15. An autonated data
stdrage |33rardp, abagpkier rethad F%@tll‘?ﬂ?él%sdﬁtaa?&ﬁﬁ%eald%‘f?s ebi¥rising: a
pl ural it yaebmirliadsda0Eegr@gdriivessy ihbrespphal @abidty 16istsboe ageusdielfves f or
storing gpluhablly dqév&%gf&ﬂﬁbrﬂ@,t gtomgaagglgleaarlae%ct&e;on%m@%%sor r obot
for trans ortln sai ortabl e tora 20 car rldgeg welen sai d
st or age é’F%%es tcfl§1§$ 1Baf%?r§?%rg‘§iv F"g‘g fransporting s portable data
storage cartridges between said storage shelves and said data storage
20 drives for mounting and demounting said portable data storage cartridges

at said data storage drives, comprising the steps of:

assigning a plurality of said library data storage drives to a pool,
and allocating and deallocating said data storage drives from said pool;
25
upon receiving said request for a data storage drive when all of
said data storage drives of said pool are allocated, indicating to said
library to hold any mount of a portable data storage cartridge relative to
said request.
30
14. A computer program product of a computer readable medium usable with
a programmable computer, said computer program product having computer
readable program code embodied therein for allocating data storage drives
of an automated data storage library in response to at least one request
35 for a data storage drive, said library storing a plurality of portable
data storage cartridges in storage shelves and transporting said portable
data storage cartridges between said storage shelves and said data storage
drives for mounting and demounting said portable data storage cartridges
at said data storage drives, said at least one host application coupled to
40 said data storage drives and to said automated data storage library,

comprising:



a robot control for operating said accessor robot; and a drive resource
provi der coupled to said robot control, assigning a 25 plurality of said
i brary dapDa3seaspage drives to a pool, and allocating anaCakagaosHEBI ng
said data storage drives fromsaid pooI3'2 said drive resource provider,
upon receiving a request for a data storage drive when all of said data
storage drives of said pool are allocated, indicating to said robot
control to hold any nmount of a portable data storage cartridge 30 relative
to sai d requesiompiter Aeatebherofram tédeawhictt icomseson @mpatdo padedsdatt®
storage lJsRE& v pﬂrmt@te o@nsal@ag@oaaty aaaftaxa@rat,él rdatt,éaf t8fa \Wobi Uahadad a
storage dr gves W t if< dené JI casttl ogse td(:)r ad (gnt) p%l %atll on conprising
assi gni ng AR 55% nu FEET1OREe SA1E 6681 SEFAIHATETTR &8 &°dri ve i mage
provi ders, whereby " n" - "m of the pool are freed and avail able for

assi gnnment ; r esppuitirngeddabae tprbgar codp edbit caeghsest¢amgueerd prawessanco,

dedi cat es, oﬂ%cgivntn@esaﬂi requédt £ Xec?atgf sﬂ‘-chﬁg@Qﬁllvé QnheaMi b4 Lgélllddc[dtﬁe 40

and di rec % g ti o;il bet ween gc}s hetod%digalggrar as a
fixed virt ua “d ﬁ/vees 37 323597 P OGQ Vi 0§9 §3 and prior to ct)he
dedi cat i dwléfany E‘PWeOf @hﬁ?%?é?—|dfrtﬁgsqoﬁég‘tlrcﬁfﬁ’a’tdged‘rerlﬁél‘feot? H&iflequest i ng
host appldegadédton as "not ready". 17. A virtualization systemfor directing
cpgmuni cati on between at Ieast 5 one host appl i cati on and physical data
storage drives of an data st or ag Ly, aid library storing
a plural iqtsy 0 p%‘%‘i“‘S? % X PETEGE T EE trroaﬁesJ ?n & g?%&e S ehl%vgs and
transportaiPR};iCsaaiielnrpGPlt‘msénﬁata storage cartridges bet ween sai d storage
shel ves and sai d physical data storage drives, conprising: 10 at |east one
drive image pryg Oiéit%rllgfl&l gctd eS8 Alivkeast one host application,
pr oviding an inage at |least one fixed of virtual data storage drive to

d at | east one host application, providing a fixed identification and a
f| xed set of PeBPEALY (6 SHIT@IatshetRs TBRSTABYIY EP PRl Al APTEdl%ach of
sai d at |dmaststomnegd icxedridged;ual data storage drives; and directing
communi cati on between sai d at | east one host appli cati on and physical data

storage drives 0l 3000l ‘Br AL RINSIGRL a8l QLapg gl es of said
aut omat ed data storage library I'Ve Tésource provider coupled to

s d at |eastidgRe kntreen |8ﬁra@etomwﬁle|e1ma%ndaﬁwoﬁetac |Sﬁer39§aihar"&?rve
resource provider assigning any nunber "m' of said pool of physical data

storage driveg tQostakbntoit # operating said accessor robot; and

a drive resource provider coupled to said robot control, assigning a
25 plurality of said library data storage drives to a pool, and allocating
and deallocating said data storage drives from said pool; said drive
resource provider, upon receiving a request for a data storage drive when
all of said data storage drives of said pool are allocated, indicating to
said robot control to hold any mount of a portable data storage cartridge

30 relative to said request.

16. A method of virtualization for an automated data storage library
provide an image of a fixed plurality of virtual data storage drives with
fixed identifications to a host application comprising assigning any

35 number *“m” of a pool of “n” drives to the drive image providers, whereby

»p* - sm” of the pool are freed and available for assignment;

responding to a triggering event requesting a drive, and dedicates
one of the “n” - “m” drives of the pool to the virtual drive;
40
and directing communication between the host and the dedicated drive

as a fixed wvirtual drive;



data storage drives, and "n" - "ni' of said pool of physical data storage
drives indicated as freed and avail able for assignnent; said drive 25
resour ce womsioeksp7 responding to a triggering event of sai @CatGBoeasusone
host application requesting one of said virtual data storage drives,

dedi cating one of said "n" - "nf physicH®l data storage drives of said poo
to said one virtual data storage drive, providing an indication thereof
for said drive image provider of said virtual physical data storage drive;
30 said gri ve An&qgaoprwitd@rdeaewﬁserﬁﬂ AgdSak &iﬁéh@t&hﬁd:ar[ﬂ”lyﬁé ?ﬂ.lrtlfjiﬂl a
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syst em ofcattaidyed betwhmr erid sapthder Flggloes ridesaiit phytirpt i dde slidrhge of . a

request Rit-i9&d ,dcé@Fe8std:ng host application to nount a sel ected one of
'd portabl e data storage cartridges at a virtual WO 03/023597
/ GB02/ 03743 34 data storage drive, and wherein said drive resource
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drive I mage provi der notif ng sald drive

mege
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provi der dadvkéd:i emdldiyeqtuidy camegnidagiors detwdenbsaidy at higast fing Beati cat ed
physi cal gifc-sten age shysVeal satledi6aigdatvesabsl avpsdluak dat saist or age drive

for mountjp i %;L@@Ja 1&1@5% %éggfégst&aegalﬂgg s%%ksgé 9L £ 0L Nt i ng

at said Vit stora rive, a request by said requesting host
application for a virtual data storage drive, and wherein said drive
rasour ce proviadériveddesdugnaldrpvidardieunled tipsatdial ldastaene thife $B3qe

dedi cat egrphysir¢adt day anst ofmdgesalid ¥eivel Seddrde€ gredider sedidnind gl dat a
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for nounting at said vir jata storage rive he virtualization
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host application requesting one of said virtual 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 physical data storage drive;

30 said drive image provider representing said dedicated physical data
storage drive to said requesting host application as said one fixed
virtual drive, said drive image provider directing communication to said
dedicated physical data storage drive by said requesting host application
as said virtual data storage drive; and upon said requesting host

35 application requesting a virtual data storage drive prior to said drive
resource provider dedicating said physical data storage drive, said drive
image provider representing said virtual data storage drive to said

requesting host application as “not ready”.

40 18. The virtualization system of Claim 17, wherein said triggering event
comprises either of: a request by said requesting host application to

mount a selected one of said portable data storage cartridges at a virtual



storage drive, said drive resource provider indicating said physical data
storage drive is freed fromsaid virtual data storage drive, and added to
sai d freewopbysiseal data storage drives of said pool. 25 20T/Gle/03743
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virtual library, notifies said drive image provider of said deallocation,

notifies,gaid Thu\btx%tlxhtzfatﬂamy@tenaey dQEhal er ctat awtsér@tagaleaartlt,e dge from
said 10 deal |l ocat ed Eh% §"s’t°6‘f“§e\a st or age dr| ve, a dedi cat

deal | ocatr§8°u‘iﬂ?y§’f°"a e TAFRVES 1S &af rl???rm data setslolrta e drive
f2¥ sai d tohpyiteripriadrdaty peographiive sorprisiagdaidefedisated ahricee fatage
provi der stGhaﬂj’eaﬁiﬁfel zesids ar ey réddnate dabvaidroiatjeading/ eatd phpsictali ddtizal
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host 15 \aﬁpgl i catl on o |brary as "not ready".

22. The ‘E‘ufa’IeF‘ZaﬁhiYShc%ygt‘%"’}nSB?raéﬁy‘l}%ﬁgsy | rb‘yﬁé"’ 7 to 21, wherein said

drive resource provider |ocks one of said physical data storage drives to
ope of saied VithtUdlrtdaldaSied ageed b¥ @Raif Ul ihaleis aladd Mt §idring
event comprises one or more of the following: a command by said at least
one host application to demount 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
30 provider additionally provides an indication for said library that said
one of said portable data storage cartridges is to be demounted; a command
to said drive image provider by said at least one host application to
release one of said virtual data storage drives, and wherein said drive
image provider notifies said drive resource provider of said command and
35 additionally notifies said library to demount any said portable data
storage cartridge mounted at said dedicated physical data storage drive;
or non-use of said dedicated physical data storage drive for a
predetermined time-out period wherein, upon expiration of said
predetermined time-out period, said drive resource provider additionally
40 notifies said library to demount any said portable data storage cartridge

mounted at said dedicated physical data storage drive.



20 data storage drive is unavailable as a freed drive. 23. The
virtualization systemof any one of clains 17 to 22, wherein at | east one
of said pwpsspadsstiata storage drives is added, deleted, exglaBIgesr43n said
pool of data storage drives of said drive resource 25 provider, and wherein
said drive inmage provider represents satd virtual data storage drives as
unchanged. 24. The virtualization systemof Caim24, wherein said drive

i mge provider representation conprises one or nore of: enploying a sane
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hod forai YEctT gy comruni caton east b5 one host a i cation
and physiRPdFi¢Rdt ﬁa%at SEFIediTivEst O Faih VALt eHafiR? d5PEIestoggtey g? Ary,
sai d | i brieigyes oot onigyahqstuappliitytioh, pord ahéreeidata dstoivggamageaptaviidges i n
storage shgk¥asrafds thANSREFIdINGatiAkboRQet @ve sRlaishakagn dsed LEbEgGRS

bet ween sai,d StOVgﬂaedé{ﬁ' géedagg%&%ag &QXS;,&)@%(_,Q%& S'r 80% ndLd ves,

conpri si ng Hhe 'sfe sal east one host

apdl i cat iBRIIGALGOR dﬁfnﬁa’éin 1P‘ﬁ%rg8rl‘2ﬁltétv’1ré&§t Loheri 32d 9F r198Y” dat a st or age
drive, providing a fixed identification and a fixed set of responses to
said at |Igast 9ReyeshliARRPA C's@tsi:é?(ﬂofCHnyeazﬁé’l o8f c13aing Bt tbeast wieseihi xed

virtual datg 19 Mot LY rafocégi Cmﬁq s MRl EALLON Sbetagen sai d at
|ca ora

| east oné hosi" n and sal ge drives of said

aut omat edrd¥es tos‘PI&f’r 8§e53idpyintyal pira('i%l §ﬁ°ﬁ©99a R 1o1 o] e Vo APPSR dat a

Stor age dlatuescophgsgirdve 216 endventildd dabafwsdedr dgieveli brary, at any one tine,

assigning any nunber "m' of said pool of physical data storage drives, and

In® -1 J? of Sa%f&tggfgzation system of any one of claims 17 to 22, wherein at

least one of said physical data storage drives is added, deleted,
exchanged in said pool of data storage drives of said drive resource

25 provider, and wherein said drive image provider represents said virtual

data storage drives as unchanged.

24 . The virtualization system of Claim 24, wherein said drive image

provider representation comprises one or more of: employing a same unique
30 serial number for each of said unchanged virtual data storage drives and

employing a same address for each of said unchanged virtual data storage

drives.

25. The virtualization system of any one of claims 17 to 24 wherein one
35 of the following: said drive image provider comprises a device driver of

said at least one host application, and wherein said drive resource

provider comprises a device driver of one of a plurality of said host

applications:

40 said drive resource provider comprises a component intermediate said
at least one host application and said automated data storage library; and

said drive image provider comprises a device driver of said at least one



of data storage drives indicated as freed and avail abl e for assignnent;
responding to a triggering event of said at | east one host 25 application
request i ’iyomm233p7 sai d virtual data storage drives, dedi caCirrgpo2osm3of said
"n"-"n' physical data storage drives of_ said pool to said one virtual data
storage drive; characterizing said dedi tat ed physi cal data storage drive to
said 30 requesting host application as said one fixed virtual drive,
directing comunication to said dedicated physical data storage drive by
said reqpstigpdibasbnARPll GRiredn RASAaSHlide idsbltde @adwdst doageisdsi ¥e; and

upon said, msgrﬂe%%tw'%ab ST Vo] o TR Ro- YW Qt%rgggeﬁtblrgg,a virtual data 35 storage
e

drive pri or-to sard ication step dedi Cating said physical data storage
drive, characterizing said virtual data storage drive to said requesting
host applascat iZoNiasalpsiticeauhrhod Xpr @ireghing cpmmnggriionpeerdaet asf lepst
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drives ofcaghriigesnedteden #aad sttoradse shelyear and said phidircad ydafeostargaea
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t%@nsportl ng said portabl e data storage cartri dges bet ween sai d storage
shel ves and sai d physical data storage drives, said, at Ieast one host

appl i cation cHGFPRAFS EarAihdtohsE O talass PBPHFETH Phr BFS S4B H5F %maﬁ‘ﬁ
conput er afeadalskret pmegf medcode uahidalia cthiesese drévhpRreridprp@essmd to

respond tiQeseifdcatidneasd aORexda0sét appldspahsdd o Waadi £ ngas ohaagetof at
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fixed set responses to sal east one ho |cat| on for each of
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st orage dyrov&se @finsalygl aut omated data storage |ibrary; 15 conputer readable
program code whi ch causes a conputer processor to identify a pool of "n"

sai d physical data stor%%e drives of said auf gmat ed datg storage lollbrary
at any one ti mFOVEEIEGRIMNGL My RuMBef PRYPLet 83ty St ’flvﬁﬁym Eat® dat a
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i ndi cat ecbrasaid eesh ardpiaciBlhea fdbrafs agnremnt and?0nconput ef seiddabdle

program C‘%dﬁacllé’ﬁ'“s‘é a%@uéﬁ%eg ﬁﬁqpége%r aQrfqggé S8k 5&11&%0@39 atsglg}mleﬁl: Qger ' ng

event of sal east one host application requesting one of said virtual

data storage drives, dedicating one of said
respondlng to a triggering event of said at least one host

25 application requesting one of said virtual data storage drives, dedicating
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
30 requesting host application as said one fixed virtual drive, directing
communication to said dedicated physical data storage drive by said

requesting host application as said virtual data storage drive; and

upon said requesting host application requesting a virtual data
35 storage drive prior to said dedication step dedicating said physical data
storage drive, characterizing said virtual data storage drive to said

requesting host application as “not ready”.

27. A computer program product of a computer readable medium usable with
40 a programmable 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



"n" - %' physical data storage drives of said pool to said one virtual

25 data storage drive; conputer readable program code which causes a
conput er Womemes¥seT to characterize said dedicated physi c®CTaa02/03146r age
drive to said requesting host application as said one fixed virtual drive,
directing communication 30 to said dedi’cated physical data storage drive
by said requesting host application as said virtual data storage drive; and
conput er readabl e program code whi ch causes a conputer processor, upon

sai d requastid dlosds apRIn §@ldn@bed RELE Scbigyed 1 Mbalriial sadat Bibshof agerirdr i ve
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shel ves for storing a plurality of portable data storage cartridges; an
accessor robot for transporting said portable data storage 5 cartrrd%es
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drives, amdnimgicadiorebeirsgnceriduat dabforenbetosterParatips and phygicadritathost
appl i cat igeRrafd aphyesi 68llsadatatshadcageatdr sv@agef1adrpppl of "n" said
physical data storage drives; and a drive resource provider coupled to said
at | east drive inmage grovr der at any one tinme sar rrve resour

¥ ff ot

ptdvi der assi GIFFRYSENG2LH RrpETa™ 9 Ssh §2pes 2 of "B Ba‘f’ceﬁaf’aetst or age
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of said one  host applicati on I’egé.lestl of said virtual data
storage diAteedora®® FElyEatt aBﬁ% 38 L858 d avail pfr?§s?SSanJ&e§'ta st or age
de¢ ves of said pool to said one virtual data storage drive, providing an
i ndi cation t hejogpliter readable program code which causes a computer processor to

respond 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” physical data storage drives of said pool to said one virtual

25 data storage drive;

computer readable program code which causes a computer processor to
characterize said dedicated physical data storage drive to said requesting
host application as said one fixed virtual drive, directing communication
30 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
35 characterize said virtual data storage drive to said requesting host

application as “not ready”.

28. An automated data storage library, coupled to at least one host
application, comprising:
40
a plurality of physical data storage drives;



for said drive inmage provider of said virtual data storage drive; said
drive image provider characterizing said dedicated physical data storage
drive to weiod/oeasguesti ng host application as said one fix@dTwiBoR0at43dri ve,
30 said drive imge provider directing comruni cation to said dedicated
physi cal data storage drive by said reqgifesti ng 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

provi ger dedi Gabiwgh1sey d)prN&ia§8|s}Q|§-{r§s shorageinly ia\dlﬁlursai@ dfi%&tiamﬁge 35
provi der r | virtual data storage drive to said requesting
host appldlcttfgt]&o%rﬁlcg : Z':‘.#pt'gn%%gaidy 29. A virtualization systemfor directing
comuni cati on between at | east one host application and physical data
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Storing aaRtiigestnettberpeaiatersnd analvesagf eaid bhplgealidntat cagge shel ves
and transdqq(lgé ng said portable data storage WO 03/ 023597 PCT/ GB02/ 03743 39
cartridges bet'ween said storage shelves and said physical data storage
drives, conprising: a drive resource provider providing at |east one drive
i mage table & colmpr contrplatdr gpexsting spid|acgassprsreRdge drives provi ding
an image of a fixed plurality of said virtual data storage drives, and,
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one st appl'i catlon requestin f virtual é ortage drives,
d&di catl ?Pe““t PR &Pt P?J’rﬁ‘atb%jﬁnéa? Y&é‘f%& Seti gégr%ﬂ% e85 & B Pool 15
to sai d ore wi seudlrhialcelsdarageorhgevedrivegdePif yi ng sai d dedi cat ed
physical data storage drive in said drive image table as said one virtual

data storage dr| Id¥§ve QQQOL@‘EJ&%%Edé}n@o%l'eMetd @Q‘gc? all Pé/dsqe&rl(%@uma%g to said
at | east one, host %ﬁf | cation aﬁﬁ COU$ t o _sal drive resqurce
a&i’ ek e
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said fi Xedhw&%hiaa%@aléyﬁfr@aﬁaﬁa &%qlmtle%rr ES0RRES: t9a§i'ilign%1 | east one
host application for each said fixed plurallit dr| Ves; and

Irt
di r ect i ng S EBMATNPEREGh reBB?WéBﬁ s iadtrdtgg?rlé?t R % ngl apaﬁl :f%aasttl 3% and
sai d phy@hq§a|agpé@gpq;p@rgﬂggestlng one of said v1rtua1 data storage drives,
25 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 virtual drive,

30 said drive image provider directing communication to said dedicated
physical 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 drive image

35 provider characterizing said virtual data storage drive to said requesting

host application as “not ready”.

29. A virtualization system for directing communication between at least
one host application and physical data storage drives of an automated data
40 storage library, said library storing a plurality of portable data storage

cartridges in storage shelves and transporting said portable data storage



drives of said pool of physical data storage drives of said autonmated data
storage library; said drive inmage provider responding to said dedication
and i dentwbios@eison of sai d physical data storage drive i nP€aiGBudio3Me | mage
30 table, characterizing said dedi cated physical data storage drive to said
requesting host application as one of sHid fixed virtual data storage
drives, and directing comrunication between said dedi cated data storage
drive and said requesting host application as said virtual data storage

drive; andrUpidesBedwsSluesd ishgrdyesbnappki 4@t boru bRepiesal i d@adstdragelal data
35 storagg,d L dve prlior, 1.0 said drive resource provider dedicating said

physi cal ata ‘storage ‘ive, said drive i mage provi der characterizing said
virtual data storage drive to said requesting host application as "not
ready". 40 30.a Ariner resdurzatiromidest howvifibrg ditr keasit nepec gnimiinzas sablset ween
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identification a set of responses one, host

appl i cat itOnsigt BAH TSR P FFEFeVTT T Gal ld&ﬁf’a%’fgg St a‘gedtlﬁ tes; and

di r ect i nphyeinalndatat Forraget wen basdidtdrieadraghdahbses gl PR BFHAANd
sai d pl ur@akhtatoRbgdlysisabndlat a storage drives of said autonmated data
storage library; providing a pool of "n" said physical data storage drives
of said automated data storage | ibrary, at ag%/ one ti e, lassilz ni nlgqs%ny
nunber umt  20tofeaski PHEEH BT BF RHITeh A RPETDH R i FU SIS aEe e T
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drives icating one o dat a storage drives of
sai d p00|1mlage é'zi‘PEi ,Oﬁéld drlve 1mage prov1 er p ov1 1ng said fixe entification

and fixed set of responses to said at least one host application for each
25 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 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
30 table, characterizing said dedicated physical data storage drive to said
requesting host application as one of said fixed virtual data storage
drives, and directing communication between said dedicated data storage
drive and said requesting host application as said virtual data storage
drive; and upon said requesting host application requesting a virtual data
35 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 application as “not

ready” .

40 30. A virtualization method for directing communication between at least
one host application and physical data storage drives of an automated data

storage library, said library storing a plurality of portable data storage



virtual data storage drive, identifying said dedicated physical data
storage drive in said drive image table as said one virtual data storage
drive; 30wpaspoisdi ng to said dedication and identificati oCafGBaiosr4physi cal
data storage drive in said drive inage table, characterizing said

dedi cat ed physical data storage drive t¥ said requesting host application
as one of said fixed virtual data storage drives, directing conmunication
35 between sai d dedi cated physical data storage drive and said requesting
host appldagetidalsam sabthgel sidiaks dabacShepagendrdaia; patdblpdats aitdrage

request i g, boseanRlLeal 11Qha TRAVER L0 RsVAdd Uala § 8 caf L @la0E dlabue P or

to said Ji cat’i on ste I cat1 ng sal d physi cal a 40 storage drive,
char act erf2Vey SITRFLGiTE 4P ﬂﬁ?ﬁ‘g?orage drive to said requesting host
application as "not ready".

5 providing at least one drive image table comprising a list of

virtual data storage drives providing an image of a fixed plurality of
said virtual data storage drives, and, for each said virtual data storage

drive, a fixed identification;

10 responding to said at least one host application, providing at least
one image of said fixed virtual data storage drives to said at least omne
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

15 storage drives; and directing communication between 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 Aata storage library, at any one time, assigning any number “m”

20 of said pool of physicalégata storage drives, and "n” - "m” of said pool

of physical data storage.drives indicated as freed and available for

assignment;

responding to a triggering event of said at least one host
25 application requesting one of said virtual data storage drives, dedicating
one of said "n”-*m” physical 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 said one virtual data storage
drive;
30
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 virtual data storage drives, directing communication
35 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 dedication step dedicating said physical data
40 storage drive, characterizing said virtual data storage drive to said

requesting host application as “not ready”.



