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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

storage drive Mottondted| ddheastorage dadiraviesdare inardrshosly eapisype diofon. Upon a
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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
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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.



recei ved when all of the data storage drives of the pool are allocated. WO
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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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cartri dgCoAotnsra Y iEF 1% ARtYSvet Sﬁ’rr}?eﬁ]?e dFﬁjecaP??rbgé’rl ngdaevenltm Tonpri ses
a20 " Reserreviderqfes tthhyradhesriaguesstti arplhostioapdt iceattfoihe diixed \lFTHtYdat a
storage dyd vert@hitdievdsi ve i mage provider. The "Reserve" request is WO

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

appl i cat ion" nount | ag portable data storag F?f’ #%ge sel ct ed for

t he data%?&%ea%t\’l%n %yl’d‘élhf?tf‘ise@roﬁh? HePF %% h"f‘tdé 5 ﬁ?rlegn ? the
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

library t3GOWRSfodht s AR F5ENTEa™ pdit é’f)’l‘@ 5%y BiOrage *Earty dthe Weanot her
enbodi merte, thehdreedhdary storae deives i Gpalnacy- ofInvPrFet G§P°d14‘6n"r i Bharies, and
at | east daaelgz_;ferixkge epbit abigry sof o b&nmanﬂthm|thélctﬁtatgg£8‘1n§ hoassi gned a
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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&% gAS 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 | OB 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 anthﬁ?0\?i°ﬁe§‘daﬁ°%€58sas(§i°‘?o°6‘8ft 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&{l e,

t he driverpeheafiers [}llovfi?de?ndna’@‘a‘s‘%isgﬁedm%?ﬁ/ ofiutfhéfrast ppe Offleﬁé’l}SBPﬁl of "n"
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request i F§°h %Frl Ve 6P ?tl‘?ea%e aer‘f‘pr1 Kt FohH APT rrve dedi cat es

25 one ofThehdrives 15 Ofjthgal Horarpraxgetieisi vearedf betveepddie BeStt he vi rt ual
drive, ingpcatdthgnd hereedircad iialgd @kotiterdddpiets rengeinpevirder for the

requesti rggm,a‘g@%gﬁﬁaq%aw&; LRD 38 A ,35135,99 ffllzseai meﬁéltﬂl:a&rdng%d fheqdrive

|nage provi racteri zes

f ?1 {]Fnagve lqilvetothe
rtQuest i TR rSTRﬂ”FE%ttPloeﬁmB‘hé‘pB}1°taﬁe°‘f| >?€de reudhe WS,
di rect s coshuiatathiecohosn appli cdetidrc 45 ceronhded yith 46 IMPEFEATS tfw Phje of
request i nge s apAlrkGat ia@ivekl ard Heascdtle sd theadosdraMeof RihieOtinted

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% Oeo@pﬂat@o $hOT AYCe Al ¥ € I;Maeméls of

the data storage arives o are al 'ocat ed, _ 1 ndi cates to the WD
03/ 02359 POPCPHGRBY /WS 7HiTe. tihq P&Vér FeIWTRYIRF ORI IBRM PS5O 0BT BB dat a
storage cartef dyge poellati ve” tdntat siwraeguiesves Addiltel driatel ymagepprrviders vi ng

the requesh when &l oef cHehfoo1dbE % adtRrabd @eat&l ar@nnaneiteat 4OEredy be

made that the regbulestfed drive s available for mounting a portable data
an ¥ ass gnimen

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 rf@ﬁﬁ&éﬂ%ﬁg a drive for the host application virtual drive, and dedicates

25 one of 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



issue its next command relative to the drive. If the next command does not
require that the drive be ready or that portable data storage 10 cartridge
be nount edoan®23seady, the library may be able to handl e t ReT/GRmMosm3d. The
drive resource provider 35, subsequent to providing the indications,

awai ts a request for deallocation of a tata stor age drive and 15 denpunt
of any portable data storage cartridge at the deall ocated data storage
drive, and all ocates the deall ocated data storage drive to the request for
a drive, @andaiyndo aii@Sardyo mblre: bE H @oytdler @dtaaseorhbe dwakdidfe rélaeivneunt

relative Lih% Léh%e&t‘?qu%ﬁ%"ciggal'l&,O&?one%é@g}lk?ng QRE QqulDY Gnbh RPArY: ihBgEe
provi ders_ 43 na | so pr ovi for virtual |t?léar| es, and onpri se

] a e ded I Il.c
a set of ‘jtr‘i’r§‘3§/i3¥f1 ISy ¥ ARG8T BY Yh&Et § Ejethfhié‘f?}’ggt%fi Whi ch are
defi ned by avdilpblg \for rmeesipbinse apperrpbbs d30a sbarzgesceytadddel Pvesisls are
shared bejupeertiyi dddvalladlebtdrcof@uctbity stipsagens helvasl téqarenpraef er abl y
separate m%g%%egg%éagﬁgg%&tlgagﬂo%gé]cari:l:gidgg_y P! IthE l?osQoéépﬁEQ@i%ﬁﬁP{ , such

as an | : 1 BM_eServer pSeéeries processor, and all the

appl i cat i¥¥né® FgRTih§hn "Fh‘éllﬁogil"ep?o‘g"’e%sﬁ??rag? Hrdye c Gifr e TBe SF

mul ti pl e isapgliteatéxsnsommanii rejabive he thesdripreocadstbhe nEhyscomgrd Host

appl i cat iRsSrefhids andepinet 86 @Sb&aehaf GFPEh PErtAbDE QS Sidtgagy st em havi ng
al& r Ocessc%rrtzcsigdﬁs?géj m%&x?ge%ggng %‘Eagyetﬁ(ythm)%d mgptb% §l§l%r @gqialnlipé ah¥ _17’ as

an exanpl e, Ises an automat’ed tape cartridge storage and retrieval
library f&F™&%ring and 35 accessing data storage media conprising physical
vol umes of nmagnetic tape cartridges, such as an I1BM 3584. Alternatively,

the automat ed @at & ivet ARdecd ipRbaider 135, MBibLRPHd $6 FdvARingCahe St or age and
retrieval, ;i brar Xs, %.I;Alal st gpge C%?é%o&?d la'l?ér.a{ltﬁbne £Ca da%gcg'thgéé %QVQqnﬁl n as
d e or'ges. e dat 1

storing portable S dira ot or age Cartri , a stora]gog rives 15 read
ah?l/ or  wdereut ofl A%y BRFtRRES FRUR LLORRS FATETOADrAts MY J5ALERRETT Bthe

l'i brary farotrder drioepard edlecatebathecderlilofdtead ddtaf groxgpgertivagta ke accessor
robot 18,redfest @b Aakiy, abys TBARGREs 4D tHdE iBe£8S80Ird10h8d th8,ho28 of

conprises_.a gripper 03/.0235 / GB02/ 03743 12 20 for engaging a
sel ect eds%lgr'?oé’ﬁllgere §¥\§’%§8r§§ee%§‘§%g?fdge 14, and an accessor 18 for noving

the gri pper between a storage shelf 16 and a drive 15, or between storage
shel ves. The dmcess@xanmleot ol or 2 raayibahsy imegaprovideys bt mepddssckaner

22, or S!ﬂ?olz?&edv-fézi QA rSdadt eMBraPet ada QA1 Nompr e P&t 39, tHeOvi'vraad” _
o o Y v bR A 9 PEH2 orFPEad B L L 0Gny A LYE et BndiBy 1P 10R1LGR!
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



portabl e data storage cartridges can conprise cartridges or cassettes
containing optical or nmagnetic nedia, respectively, or any other renovable
st orage. wbd3Dkes9r obot controller 41 and |ibrary manager £QT/GEnpsidsse at

| east one conputer processor and assocjated storage, and are coupled to an
i nput/output interface 42 and a terninat® 28. The conput er processor nmay
conprise, for exanple, an |IBM RS/ 6000 processor. Alternatively, robot 15
controller 41 and library manager 40 may each conprise a conputer
processorzo asl ehb@gﬁl@r@tﬂe&écﬁHdOWIé ke dthiked<s eaneaiigd. 14, naidhan exanpl e,
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adapt er %roesﬂsgrl narf?i“@h@%@fﬂﬂlt%r ﬁztav%eg'élﬁfs bus ﬁé&%ﬁﬁe&QdCO&Br tk&aes

i nterfaces

i C interfaces with t ro
connect i c?ﬁ‘?m‘i’loe cgtﬁﬁaéyt“&?nf‘ﬂ%r 3@ GIP6EB9? W}’@bﬁfﬁ%ﬁfig ‘%3 1 bra or to
ot her i ntessaeiditeti esstooppotént Fheatrimival B8 MRys corpPpPEe caskafion for reading,ch

as PCl, ESGEMN: sEbQY m&GSh, ftl-BER GHANYEYL, diekCor Ther@dapt er conprises a
pypcessor 54 and non-volatile nmenmory 55, and suitable buffers and
i nterconnections. An exanple of a host bus adapter 50 c

eServer pSeri éL°GHPIBFY TBRBIY &Rt EPURAGE PR %Fmétﬁﬁ??%g’ltelsi??d?ﬁn]lO?d

and related actions of, the drives 15, and the library 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



shown with an interface 53 which may conprise an adapter. Another exanple
of an internedi ate conponent conprises a gateway or router 56 having a

pl ural i t ywofosiomsser f aces 57 with the appropriate 10 connectPiCarnsB2m3743

i nterconnecting a nunber of processors in a network, such as discussed
above. The gateway or router conprises Y processor 58 with a non-volatile
menory 59 for storing the operating system etc. An exanple of a gateway
or router is the IBM 2108 SAN Data Gateway. Ot her suitable term nology for
the pr eseﬂbraﬂaa}eﬂq oElQéit Qﬁtélrme@fett%\/\@&npahen GO @bl @fe" hodkb aplifcaeti@ts’ or

"intel liggnt 1§W' Lalas A0d & n IQJ{_)C k'écjs:' TrRE AR et ENViR %Bagéé}er

appl i cati‘ons. € processors che/ nMprise m croprocessors, such

the Int eaompgws D (PrPACSEOE OTH ARE Wi YR Le ﬁ}e@%@néfn r?\?én%‘fl&ﬁblet Wéffﬁ’is\/e

i mage pr addeitercatheanibmer tAiceghnple ¢faobstebipy adapterr 36 qvaprizeseabedded
In; any ofrgf DQSLer %Qu&a&w&lllmﬂrz1c7r?aantha5&?éil atiRs¢ OfRANEIM i 0n012 36, OF

the autonmated data stora As one exanple, the drive imge
provi der MW aFER A8 éﬁ%?ffgﬁ%(?Pp TP GPBPE 58N A& R Fver of the

associ ated host application 11, 12, and the drive resource provider is
i ncor porated imbener eRipPABEHH an5ﬁxﬂeﬂﬁ&{1%dic&inﬁoﬂeliﬁ baplri 8phi gatlevan orand

the aut onpled. 48! A3hOrARTurdii ) A 1dvercI0G, qelvylecﬁré&ougﬁfo pRf g der must be

at a corrpone couple host s bus adapt ers of
h8&ts, ha&PPRRFAORF |5Pel THREGRATEST RD G BEPeT /f SEPFassaFfbtife? WXEMN eS Fhe
drive i megedpsaesetrpsye.30The gapevayeon roohgorentrises Hergrsepnedi wieh vhe

host applj.gatdiarisd mll;orylg9 ﬁ;}dsEJﬁnél{thQn@ﬁ&th@ @y&{éﬂlr a&ﬂ: | 1 A @k¥mphé, and

the drive resource provider S 0 nent. nLerne e the
host bus HdApasF S0 °5r " H5SF *° Eae%%ﬁ llsogrséflra\I b gp% Eel fur er exga‘gj}

drive i ndgenprdepdeirs 9o Bsewﬁmqa@ée@eww‘eerdw \ﬂé%ww arg e ca%%‘i?&#a’f ed host
appl i cat i'@asedtbyr” 1ck, *anckllidentdevitehr c200r 0@spravisderl 35 wenprt seg a
corrponentenggsgggeo@&og@gquag%g storage library 17, such as the library
manager 40. A still further exanple conprises the dr| ve image provider(s)
30 as incorporated in a conponent 50, 56 internedi ate the host application
and the aut omfhederbseast® 84.0PAdeay FOIRFE§e MHSHORIPSSRRITTe FEEOUT &8 provi der
35 conprimses1 aseonmponent of the automated data storage library 17. WO

034 023597 PCT/ GB02/ 03743 14 The library inmage provider(s) 43 and the

| 1 brary resource provider b%glxgge r ef erablr}élboth neqr poy at ed into the

aut onat ed dat & f‘ cpg&gncq Iw esgnt inve on, the image providers
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.



Each of the processors 36 of the host applications 11, 12, processors 54,
58 of the internedi ate conponents 50, 56, and processor 45 of the library
manager 490amB/o2dse7 | i brary, may be provided with an operaPCagGERS3REM and
application prograns, and may conprise prograns for 10 operating in
accordance with the present invention. Each processor may be provided with
a dat abase, respectively, 38, 55, 59, 46, which includes storage
(typically non-volatile nmenory or one or nore hard disk drives) for tables
and prograns. The application programs may conprise one or nore conputer

program pr Oduc[thﬁ 11@3‘}%';&\5 9 p(}gmétr?é) r4§agxﬁpltﬁe erggémggcq‘&ce ]éo;b@er
corrputer rogram gﬁﬁoduct o) present. i nvention %%’e e su I|ed with an

appl i cat i¥n21% BFFHFH2EMY bé’ttBr’é’GOF?Prlaﬁ%d prbYi e LR atf‘f’a)? &% uppl i ed
Wi th a dilgkeityelnr CD-ROM at termnal 28, and conprises an article of
mepuf acture, may be received from one of the host systems 11, 12, may be

recei ved fromth nmay. rece d. b S r means. The
20 requi r ement” Fg rk?rtﬁoﬁrocessors 3(? t% hOS% lma thﬁls 1{7}}23 store digital

repr esentFa“PFWref5400%&%‘?“9)%9%%61@% ﬁ@rmoae%%ﬁe 5Fheanb RFRASEECT A@adabl e
program Qﬁdﬁh@ﬂ@ﬁﬁéx@smiﬂ’l@eﬁlm 6e&hreh1ﬂﬁghyl lai rbeC papLilded wigho@essor or

processor % i%:%_ )Ht% an%Aa Haﬁ%o%%ml &n fma9 Mp&@@el %rgc_ﬁtaﬂlssf&r age

cartridge ustTat e exanpl e, |ses a magnetic tape
chttri dgé’Pe*T?Fem@a’r‘I Wa@@aﬂe H’é%haﬁ}l‘el RESTEPF yin| t'rlél’f)‘el r%ﬁ SRSt B é’age

61. 30 FIpE8vidA wirh BBldtabasyt,r aewegkinmlyesifof S8r i9e 46magel fabndydsd, 71
that are gepgfate @aﬂlﬁ%ﬂlwla@ﬂlebh{exﬁd}@ 8 iovie Sremetd Gardravk daivéd and

whi ch are proyi.de tgg: WeIg Y érL??fmgrc%A ggégﬁg oy Igja‘ﬁ,cfl;e drd g\pl ch the

drive resource provi maps t ocat e cated drives of the
pool of dQre %Pﬁepﬁ?qr\?@s@’c"&“’f’% GoPRTE A e FPUR S f BRI  h BERITIE code-
appl i cat imhe. cifipetelr ipvegiamagerduabl «s tima prbeente dnivempiothmay riey eupnidgé with
provi der sinpgkd19dh €l Yrddram drlaes thred 6 @56 Wroei qdONEdlake Andy Updatipsl i eflor

exanpl e, £2EN ALl ReCoNty Ry SEGLALLNCL) TGS ShBYI MRl R AOGESE { De

associ at ed dri ve | nmage |' e as nee rive 1 nage provlider does not
need to MBAREASFUERe "EY e TRGRINCE | fFeMm MNPt OF PRePOTRFYIEER For 2anT*¥HEnges.
40 The drde¢eivedngeont abé eeknatkides maylbestredsbivell hyhether simdladrmesps .-t ITae t he

dgd Vel ' n%&upfe(;}\\éhg%orl t§l’1et Qtél‘%@grrﬁedag%ﬂﬂn@ﬁ'{éxqgs r 5 EQ?:S e%ef @‘torf\ih@ﬂtalh
example, In terns onprise a Tl eSS sSucnh as a
VO 03/ 02§§§?eﬁfeﬁ@§5’f/%‘fﬁ§pmf§ ?xepgg% i ver%ﬂ{f"tl&entl ;&lgergog'g teZ]'fach of the
virtual diepdaitle mrRITAR| SRSCT PREFELCDEBY I ML CHT SHTHEE B nERJEUEY a host
appl i cat ipgpcedsoaner @rotaysersyi rtual data storage drives in fixed ternms, and
those drives are identified by
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



means of the list 75. The fixed list is supplenented by an identification 5
of the characteristics of each virtual drive 76 so that the drive resource
provi der way3peisei de fixed identifications and fixed sets Poff/GRigjosmses to
the host application for each of the virtual drives. As one exanple, the
characteristics may include an unique s€ial nunber for the virtual drive.
As a further exanple, the characterization may conprise the sane address 10
for the virtual drive. As an additional exanple, the virtual drive nay be
provi ded mpt kﬁﬁk}arﬁﬁt @(ﬂér&&ff&: whi- @achn:ff' UAE vartydleapivesanufhacdtifer image

desi gnation and rmq% Ju % e ed fy ﬁog ggﬁéa%g p%‘ el 48 188 WIeEas

prOV|der % te m ne onses fromit dat abase. As an
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provi der prRuides §bt’p|cb@/’fad’ée’flﬁél‘éﬁéﬁha%1? drriidece tﬂg’eo‘?r é‘éﬁ‘ﬁfaé%%’fedfned physi cal
drive, <sisshgesian segialmodelrimenbert.ypehismaillf attew ¢he desvgnasparreand/ or
nodel mﬂmgidexsgo %ft@ﬁﬁln@gt}%d@iiédogéé l¢ t&:pbhbas @roh N@s dt¥BadelSOAE GA
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drive tabt rives ei r current assignment or
st@tus 8provizesf mwpyprweortlab% igentifder | 7n"cF?Pﬂ€§°’P a eV dEHri 889 cs 83
of each afhe @higephissieCiovildéy @ay rasnedioy €he IhaRgfteriduigs atkditos aaghly to
FIG 7, the dlbyuary 17 of FIG. 2 and 3 may be arranged to be directly
coupl ed to t’ﬁe host ‘applications and receive, for exanple, requests for
the library to nount identified portable data storage cartridges 14 from
storage shel veés tiee driveleasdyricedeuigey dadicages EdvesTSraR ddfnRRPdt 8f t hese

r ggluest s,phiyBecdli bf ey EOIFRE i SBSaR tol BaStrDReihdder arovideagfert aid 8085. The

table ide %hiéaeaoﬁ h&nyid tdu%es Lidr qga%%eﬁplflaadvﬁ heo Y ichhmdle , iy X8, 8h
dedi cat e o each virtual rar PCT/ GB02/ 03743

Addi t i onaley, CSHE- | iTBr S thFﬁ%ﬁdcﬁi‘%“ﬂlﬁe t;5‘re| E‘)*r"l E§PEE Bk taﬁe”%ﬂlf ?EJ

that no physical drive 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.



l'i brary, and which virtual library or virtual drive is authorized 89 to

use a spare drive. This information is presented to the host applications
by neans wD osloessb? brary image provider 43 of FIG 1. 5 Ea®TCBoW0ad43|ibrary
is assigned a set of the storage shelves 16. The same virtual |ibrary may
be shared by nultiple host applicationst®r may conprise a separate virtual
library for each host application, or there nay be a m x. Table 85
identifies the virtual libraries in colum 10 90, and the set of storage

shel ves L30fidnh3S, Zh@rldb;?a@sﬁ&gaadlé&eeacéwpry&rﬂtyaée bi: bmr ViRl
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set of sty AgmsSbElItheslitkHeh iasgs tpebagersé®lofesrdl5192-96 in FIG 3. The
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share al |l or MBSE GFEEHe IHAT LT 2GRS A5t 0Pt (hE T9OBF%T ¢ 1 GS. 2
and 3, asrhdegamst eirtiupl cddbuary 93y kGeshatied bxdavét@tlerlag?é elmlvéstmy %re
wi t hhel d fafO0fanprpedla 8dparhte Alikv@l i Obrady 26brvesdtiabsd lappBidatasn, berng of a
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virtual drive t ual

|i_b The, dr i
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appl i cat iiGnassisned aaSE%ﬁﬁ?ﬁﬂoFett&Héﬁﬁ{ﬁﬁe sh9Jaee alfuER ot ﬁt%’fa@Fa‘b}éﬂc‘f%\“T‘t ri dge
30s nount e-pé inheralr Bve.ThPhyisiteal ldbrasdes DRE' arsangsdibgnelde ilabxhryve | mage

t abl e 71 feQhu el Ef@ld!&f Boary rré’ ’1 angréf%r%@' CalediAfuayi Tivsalidli y& "EE".
The "(L)" 1s an Indication that %eya cal drive_is | ocked %drttlﬂe hast

appl i cat i"6hla® the h\?FFtathRﬂlﬁtll%s'uﬁP gpb &t I3 PE Y8 BIREEGR host
appl i cat icdnthandbtdry UT iofeFI4S-| 2 ol be adeddricted éd odiennt e h@ﬁ}t’ca%

appl i catifR,i s%%usée %rmwl YeOw MBI trram ROPbaDIce dat arsiar age acart ri dge
unt ed in el(ii Ve, re aEIV% ri rLté%g %& g}; é}p% é{lrrtqgﬂl Librgries
rar t o t h e it
ggans t hat, RS § cums Q"a tor age drives of the
pool equdihe V%uihr"él"?shdl eng |eﬁ©‘“31ﬁafs a F°"(jrSP9%‘§ dﬁf"‘? I‘l‘éef)‘t}o HRWE been
assi ghed,paathivjhersiguaoionty ostheppkanpdeiiona etrgpaminpr doive pot Oiseabiey t ake
a drive alkearhi: @dadi eadedsto a lower priority host application, e.g.,
priority "1". Wth WO 03/023597 PCT/ GB02/ 03743
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 “aAA”, 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



17 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
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ded etes the assignment of the 35 plurality of library data storage drives
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N9y phySI(EﬁE ﬁgalye’Asebﬁrgiﬁmple, transferring a spare drive to the pool will
result in an increased 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



a spare drive or a drive froma lower priority virtual library or |ower WO
03/ 023597 PCT/ GB02/ 03743 18 priority virtual drive is available. Thus, the
"W neanswohatozishere will be a wait until a data storage pdmiem2etienes

available in the normal operation of the library. 5 FIG 8 illustrates an
embodi nent of the method for configurind the data storage drives 15 of the
library 17 of FIGS. 2 and 3, or of <configuring the virtual |ibraries. The
configuration begins at step 100 in a startup or initialization 10 of the
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Stall e, o 413y B S5t DI lS,e PYaL AOPRISLED LAcCOTHE d € BELES Pal 0
for the \Nlbt@ﬁﬂGSl}ﬂ)p&F&ané tdpd 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.



nunber of avail abl e physical drives PD | ess the nunber of spare drives SD.
WO 03/ 023597 PCT/ GB02/ 03743 19 In step 120, the nunber of virtual drives
and the fwpad/o2isdentification of each of the virtual drivesTarB2dgter m ned,
for exanple, fromthe responsible system operator, or fromthe device
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identifier 5 to be enployed by the host application to address the fixed
virtual drives, and as illustrated in colum 75 of FIGS. 5A and 5B, in
colum 87 of il ékep/12@N@né unber ofovidthel alrioedatnontehoimed n col um 82 of
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cartridge; a RESERVE conmmand to reserve a data storage drive for future

use; a RELEASE command to rel ease a reserved data storage drive; or. other
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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



40 event or a detriggering event. If the conmand constitutes a triggering
event, the drive inmage provider, in step 144, notifies the drive resource
provi der wD oioessevent and identifies the virtual drive anacrmeB@ensi fy WO
03/ 023597 PCT/ GB02/ 03743 20 the host application. If the conmand
constitutes a detriggering event, the ive image provider, in step 149,
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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.



appears to be between the host application and the virtual drive. The
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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.



In step 170, the drive resource provider determnes the virtual drive for
which the triggering event is intended by the requesting host. This

t ypi cal | ywosaezser mi ned fromthe notification or command IPCIatH02/0813 st ep
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resource provimetingekesriines theodritvheintige veablepgmet abilve whweiher paopiiesi cal

drive is fgedicatefh 42:50qmysd ttaﬁie %Ieft%poiﬁ heI@vs%@{@ 176f ddieaslieve has 5

been dedi cated, the process ends in st and the drive |maatgIp Erov

is di rect‘ieﬁﬁuﬁnﬁ{ﬁﬁ“gﬁ’fld@ﬁe eﬁ¥°¥'h‘8‘er 8ﬁhv§sf‘f“?'r°ge R HRpirE4 Bl

and t he
dat a st ordagee disi dediggtehgovile yattudij driveaaf ithe (ryenat edfihesdriye1hss of
FI&S 9. Miehfadd@cshddyecinpriiren &ewi s:atsedp t7heall ke dréseumage providier, in

step 180‘ ? %ﬁ%&%%ﬁnﬂ%%ggglé)n" ?twge;} r‘ghel ?ﬁ&%gg{r@’ h&é]:aggélﬂrcgtlc% gnd tfh'éom

the drivée reat er an zerq, "YES',

not al | BF2tHETpHYSFEE 2dr FRre¥ i Hae H¥R A9 SEHERR RS BPs4PaPidrive is
t heref oreravaa.l abl e for allocation and dedication to the requesting host 15
application. As discussed above the pool of drives may conprise only data

storage drives that are t e characterl stics t rtual
dtfve. As an Z%(fa‘r"r% dé"lv‘?rahﬁs %‘ECV\{%‘?CE&F Fives nay b provtlgérafmgﬁg %h ves
and the rléquetqtemmeﬁtmthaﬁ“@é my\"i%ﬁsséaﬁeaetlsﬁn §‘F’i§’p St&rt TXAM V8BS 20 If a

physi cal dtiieaabse @0aih ahbe,6.such ‘ahat “in"is' gkeDert ieandeéne “YESOULE@E
provi der gy fsttﬁg AiRscAl hpﬁ%&eﬁa&ehﬁe&hm&%lte&lran\ae a tiyb D& ¥isvual drive,

dedlcatln sical drive for t sting host licati ogoslf nor e

ere
t han one F‘?/fé’rres ‘éﬁ}éFlP]folfgr at1ﬁ8°q§éf’%&nido§eddfa‘f & 58 s gg %tldlrgl Ve may be
magle i n aepbickahcr. WA Migayssedpakayei athe aporftHhves A@Yo‘Fﬂ?‘PéksimﬁPéY t he
drive hawang dtieagd Asesds €had agt edompit ik et @i thhehe vhatatabrditive ofayhde

sel ect ed. g\é a%hemﬁ'ef eXAMR! Seanb €, qlaﬁy%fha\@ REyDe8N adidke rahend ongest may
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drive restapceaptoirdiger updat es the drive inmage tabl e 70, 71 of FIG 5A or
58 As di scussed above, the drive resource provider thus maps the

al located and gediGalech dai MRS 1 0favhifalQ0! sth dala 310308 dhé WREvEO the

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.



35 virtual drives of each host application. The updated drive image tables
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connector 208 lleads to FIG 10B and to step 210. Step 210 relates to the
situatiof in d?;& which virtual libraries or virtual drives are assi gned
relative priorities, as depicted in colum 88 of library imge table 85 of
FIG 7. Thus,vami¢us applonedldlitgrmitives tmarlbd ebploavedsto whkrdatata phesicagne of

t he 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
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step 243, step 245 determ nes whether the time-out period has
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



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 limtation
on use 3®0amB/o239pare may be enpl oyed. As one exanpl e, theCrgBoO3EPpare
drives may be limted to a predeternlned nunber of tinmes. As will be

di scussed, the system operator may be %equested to add drives to the pool
of "n" drives and prevented fromunlimted use of spare drives.
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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
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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



fromthe command itself. 30 Step 325 determ nes whether a portabl e data
storage cartridge is nmounted in the drive. This nmay be determ ned, for
exanpl e, Wooaioedse7 |ibrary processor 45 of FIG 1. A DEMOBNT/GBRmioerd wi | |
have resulted in a denpunt of the portabl e cartridge by the accessor
robot, such that step 35 325 indicates t’hat no cartri dge is mounted in the
drive. The other detriggering events may not occur with a portable
cartridge nounted in a drive and nay not conprise a denmount. If a
cartridge i s maustdssn, tthe ardiewRsotf® griniQer aRRUFRiRepl e Beive DAt €S

to the lihb caytri .S.,t0 e 0 WO
03/ 02359#&5%39&58‘;’; %7*?%‘ A ngi%?é)r %*’e?o"%hg‘?g&k)’%i% fogjsgaftgggd%%%,icﬁ
det er m ne¥iveidfdpisps PHuadd2 wbre t?‘e physiedl Br&ye-5A or 5B for the virtual
drive, or for the physical drive if steps 310-312 enpl oy the physical

drive. 5 The qrhu&rlrv@wéyoﬁﬁc%%&@; éﬂ%ﬁ”,n{ Re St 881 334ka1 d0akLOGAkES R
drive from the virtual _drive fo i Cﬁ%gl i cat!éo.r}inghe drive resource

provi der ,FPR Bt BA3L 1R §°ﬁdF’beaP8§t taﬁg OYr i veS (YT &FOVree

decr emsntgrngldem. i stew 323, QFehohulirgtes thafpshe dhiveds a¥eedenpl oyed, step
340 det ergadcr@senehef Rar dhendaal | @rabedd 191 | Me spase Shavedatd iekﬂﬁloy{efi Sdt,eplO
step 341 351‘3'[&'&%%&&% dﬁét‘ﬁgr t%e' Eesalﬁééél!eﬁa&n%a&é’sﬁ sndQS §PRALI NG 50

"n"-1. 1f th I've was e system oggrator may subse‘guen‘tly
r¥spond ts§eP H¢lneRisage fé‘le §‘E1é’|§ %Gtﬁwrps@alle HHed SRATeBFRF187 Wor E°spare
drives tonthe podlthel riveewsl lavepavas et spstepaseerdtow gayt hdseaquengly r esour ce

provi der r@é%’&%e% el ﬁggslaget& §{:@[p 286t kg Shep a3fiPadd Bfe l3bh&% Lpa €
updat ed, her returning tgtéer ve to |ts or| i nal sfatus as. a spare
I

drive in %Y Pabt%eP8Y of VB8P &t FRY S REVGri VE 85 ¥ eed in the
drive t ablegowiceFpigviger praseedsIRireetly &pr @se@n?“r oc ki riFeRMtt Suntisc kPdfSa dat a
siHrage GirkVigpdalld! @ithet kétiahihd hbargrivet€p i400rafidlGetdi2A a€pr esent s a

tri ggerl %1@%%’% drljvgotglelsz‘ofl% i E‘ ng Qlt'dl%agir'g/%hé %r&@&llé%skf‘étd“&ﬂ h:h@
| ock. Ste qui valent to step 185 of 10A for dedicating the

drive to ¥h¥e \HaP%%l?ﬂf FH#i Ge, and additionally conprises adding the "I ock"
to the drive table, as illustrated by drive "DR1" of drive table 80 of
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160 of FIG. 10A in which a drive is requested with a lock Step 401 1s
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.



conprises a determ nati on whether the command i ncludes a rel ease of the 30
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not | ocked, the process of steps 320-345 of FIG 11 is conducted. If the
device is | Oclﬁﬁé,s@% 5‘£0tthe %bo&lgﬂ@céibe%tﬂ@ $42:106r&d Gn dBentdi@rr equest ed
event is cgg ted Ip.S plnde ang 1h eo abl es are naintained unchanged in
step 426, ? 1 §&¥%H5 drlve erebf’ FeRine | ocked to the host
appllcatlon. MD 03/ 023597 PCT/ GB02/ 03743 28 The steps of the above
processes may Welaltheretfprreicguianigserdrs of diei pregeandnybarigadhave dedrai | as

appropri gl gustMhkle ihhgeilief aer @ﬁo@ab@éiia@smesmoihatthﬁoarfesmtong naNt i on have

been 5 | l l USt I’ al eq I dseet g‘nllblo’d rlnetntsshn(?élf” ocplgr FBPG[E % 1|1Q r{negé férgatl ons and
adaptatlons o those enbodthen % may occur to one s dinthe art

wi t hout d’éﬁ}é‘?‘ﬁ AEPFEHRT time™ LEGpecBr thehprRISERTT 1ﬁv"’e”r¥thBriasa§e"seft°rFlbrlt"h in
t he fol | anengpldbwings claid@. WO 03/ 023597 PCT/ GB02/ 03743 29 CLAIMS 1. An
all ocation systemfor allocating data storage drives of an automated data
s} prage library in response to at | east one request for a 5 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
nount i ng and denounting said portable data storage cartridges at said data
storage drives, conprising: 10 a drive resource provider, assigning a
plurality of said |ibrary data storage drives to a pool, and allocating
and deallocating 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 i mage provider coupled to said drive resource provider, which, upon
recei ving said request for a data storage drive when all of said data
st orage dwowe®235p7 sai d pool are allocated, indicates that peaiGBoeesuest ed
data storage drive is currently unavailable to conplete any subsequent
command requiring a nmounted portable data stor age cartridge. 25 3. The
allocation systemof Caim1, or 2, wherein said drive resource provider
additionally, subsequent to said indication, awaits a deallocation of a
data storage drive and denount of anycpseMsable data storage cartridge at
sai d deal |l ocated data storage drive, allocates said 30 deall ocated data
storage drive to said request, and indicates to said library_ to release
sai d hol d-of $&i BLiAsahton eysiany &0t dliehadire qiatd tstoRagerqEi s BE 4 on system
of O ai malhtoRated Stshet@iage Shibtach iiverasponsy te atplesstdene avdiestofat |ay
asgl gnz féatgf&%fra@@?rwe Sahfs ?Iiyiéﬁlyl gﬁforqfl% ld l@&f&faméﬁd&abart%@é ageadri ve_sdas
spare data storage drives, outside. of sai 0Q n subs sai
i ndi cat i dir° &9 Sgﬁ%régg%snelho?toéfg?a hF iYees’ag?d %ﬁgnSpso 62%%‘-”63 cgpg? %%gée&a ‘i ves
to said reéquees camdoperibehYsangstist §ERRIri Hedrs® a8 FaeRE §H4*@9Fol d of
sai d nountrived &bk wuhoigakdd reeqoesting 4218, pokitebld ldetatstoraoey sémiddesCl ai m
4, whereift sidadfd LeoFLROBF GRS, iRY¥EHEhg: SUbsequent to said indication,
\A?“S a predetermned time period, and awaits a deal |l ocation of a data
storage drive and denmount of WO 03/023597 PCT/ GB02/ 03743 30 any ortabl e
data storage GaffiVaigeseroe R PvHe | RO At BI ROt Rget WVvEP ARY, i f
duri ng salatlapstetede rdrivesd tdi ampopkr iaod dabcatded| 4o dealdrcatiogusaid ddteocat es
sai d dealsltgs;?gs@qrg‘a;saf%nprsag@ gesi ,-vl%ai@ Savdl deggurst prov&gé:_e,, ugwnsequegt to
expiration of said.tine period, cat [ e drive
to said regueste FHd, rﬁqﬁ%ﬁEs%rdagaialtgc%taggﬁgg%g‘éég’gf Ig aﬁ%t%‘?%&i‘? gi;a?ge to said
rdfuest , SREFIALELVSS008 30| RBL a35F PHLBFeds dndifatinh dPasH SHTd Foltht
rel ati ve Hoddsaiydmewguesta pértabhie dathotatrhom ceystigigeofel@rfiventd id5, where
said |ibrkyesionprises 10 a plurality of virtual libraries responsive to
said at | east one request for a data storage drive, said systemallocating
data storage drives of said automated data storage library to said
plurality-of Vihetdiochtinnapysem off Clasd. opidisionsdiy Gormaridirgy2 GFiY5 rt ual
| pdr ar i esimagdiggbeiderped@ilietytd baii arhey resowak donovideral whidhy, augoms; and
V\’h_er el ? Sr%:ccgl\(ri% Vgaidg')se ﬁeg&ea Q{af@.lt' &%'éaég@rgbf%laﬁyaldeéfrsm.?aﬁt§a| d .
priority of said virtu Jd.brary o id reque or ata .storage drive,
and, onl F5FAEa HVSFi P?lfé‘lldlffoﬁﬁa?'v iaifoé:?t?g’i dnﬁllcg &7 tglra ?osrailtd feqélf!?%%cgt es
sai d spardatdaaterage Grage idr fveenrblys divaideRies 0 R4 RdPRAISE8SIWeRE d
library t@omhe@ld@suiring 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



said hold of said nount relative to said request. 20 7. The allocation
systemof Claim4, 5 or 6 wherein said drive resource provider
addi t i onawby3iozgseenent s a count each instance said requestPCraBmAsEBVed
when all of said data storage drives of said pool are allocated, conpares
said increnented count to a predeterningd limt, and, upon said 25
i ncrenmented count being less than said predetermned limt, allocating
said spare data storage drive. 8. The allocation systemof Claim4, 5 or 6
wher ei N salOpétithl€e (@S0 WHteLagd koMidase addbdioBadllpcatddbagtiepbrdge sai d
all ocat!onol. S8bd 3PRLAALA 3P HALAURLA I HE I8k B aWRIRY QA caL | NG
use of salrd Spare data s _rage rive. 9. e allocation systemof ClaimS8,
wher ei n SECH Hr AVECREED Rd8 IS RAatER F558t P AES SHYE® EOnfitid% B_TUpst;
noti fi catdlen, tsybaemiest et epeirat ben ifiasaid3bingc pewipdnegl lgcatesk emid greyanst er
ats| east QR SRIryS Rl Pe dat faisl EAGEL AldnMe upol SAiddapeehbticklof Eh@ata
al locat onoSyed AIOL 6l Al farulDET 3hBs 2Rk (U L¥f HESAHLCE RioMAeLia
addi ti onal on esponds to a re‘ﬁluest to transtfer at [easf one spare 40 data
storage drt@ert §aEdimupodrlaEdyfstatatedsiusite sai d spare data storage drive
to said pool, deleting said data storage drive as a spare data storage
dri V\(/avh WQ .03/ 0:%35%17108@1@%&&7&3 c13im klor BhewidddeOsaild Dibrsygt @mpefsds ai m
1 erein.sai rive. resour.ce proyjder nos S di.fi.Qaally
cg?rpri ses BUWGHTFY ot ivbrntutagau{l%ffgflleusr géé%t%%s’?%a%g?s&qgs%?ggﬁ%?a st orag e drive
to said 651 2WAR €59t SEhve ufetd sYBrRRvaliomBring Yett SSpEI%E d5at'ESstor age
drives, anpddwhepsatedsdatth dtonageSlibgsoyirtoesgidopiwvalitypdnvitisehce of a
request tQpliARst eft abadtedst 2NEaidspai16eY destage by dsOa SAGHePOO
del et es 3818, A3SLANMBO.Obe Ala ik uaP Y900l 198 Gl Wdhs Yol ddifpary data
st or age drivesas spare data, stora%g rives, such that sal d_assi gned Spare
dat a st orke§euTfic PEYINEE el tirrestgreternirgs £aid BYdontiYoRht9%3f ¥ Etdm of any
one of Clidbparyl of osalill, reduereifiorsaiddta ditiovese dsow .cenpr ovldl aridi tional |y
i ndi cat esyit-bad1 aibake COWRI SLiidOR; gHRSPABS €y, S al bdaeeP sava dpdré raatasponse to
sai d rmunsttbra:ll‘Se é%ivéb‘@o%aligcgédugg ,”%Mi‘oﬂudfi&ﬁte@' ch%%ui r!l.g.bgé‘ztf tgt:lggl@gge drives
of an autondted data storage Il%.rarg I'n response to at | east one request
for a daeddshPfage sgideuns£iedativer 57 LR SR plurality of portable
data storage cartridges in storage shelves and transporting said portable
data 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.



storage cartridges between said storage shelves and said data storage 20
drives for nounting and denounting said portable data storage cartridges
at sai d dapDa3mrysPage drives, conpri si ng the steps of: assipgniGRp2@3PBural ity

of said library data storage drives to pool, and allocating and

deal | ocating said data storage drives f3r]0m 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 nount
of a pOFtﬁb| e ﬂﬁt allsicgfﬁﬂﬁsﬁﬁfeﬁnrbﬂ@@ainehativ&lﬁréfh sadd Giri eguesburcd0 14. A
comput e el eaad(a?m% Pl LEANARLE JIRALUMCUSAR Bl bhi1de
progra raC pyro ram product_ havi ng nput er

r eadabl e tr?r 65?’?ﬁ?éoﬁfédec??&6d?‘é&aﬁﬁéirré?’ﬁ tPo?aJeﬂ PB?:]af”llﬁ]g r&ﬁ't‘]at §Pofr‘“§g‘éedr| ves
of an autwrmbiidbdbity sf Girage dathbrstioyage dréwgronsed whergin| exist doiwe r equest 35

fog a dat@s@ﬁﬂfeagﬁo\ﬂﬁgi/e,upSﬁ’-iéislai-léH 3EYa &E@Hédﬁgt@- tphhé @l bty 1@Bspantabl e
dat a Storsa Cﬁr%ré%ﬁlgie d"xlléé b agaeldsi}c?chve&elaeflg { 3RSPQ: LG Sa¢ A PRLLADI e
data stor e car bet ween sai d storqg sﬁe ves an sal d data Storage

drives fd?nenﬁﬁﬁﬁﬁﬁé’léﬁﬂlld‘é’rﬁﬁﬂfpwysg?'@ BB 61 T 0GP £5 PRy &2 Pt P T Ses

at sai d dutizest enelgehdr ispdd, assdfuedspdrsadetpmeotrust daiygki kesem®n coupl ed to

40 sai d dalagsSjneaage drives and to said autonmated data storage library,

cogprising: WO 03/023597 PCT/ GB02/ 03743 32 corrputer readabl e program code
Ich causes a conputer processor_to assi gﬁ)l urality ‘%@ésal d library

data storkfge dPPVRSIOCRELPTEHIE N 3% o8l Po & Adtudadr I 'BEEEE 319 dat a
storage diivesrebpomesararigenladdstizoaplit eéndr@adabibet pr dgkamompik:ighi ch

causes a K RPPMHLEs OEE T8 ided in HABPodsRCES \Hallg rahd. request for a data
storage drive when all of said data storage drives of said pool are

allocated, indicate to said library to hold any nount of a portable data
st®rage Bt r iZdgalkqshhigny methpds fo1 alieafény datd storagy dgifesnat &F dat a
storage lduebadted @aispkestabe Hibrhfash SEpohgsto &ppbadabheteqedPIEbSING: a

plurali tydaQ.F P:g?étd(g%@egesg:[d \i@ﬁraryléoanngtg ahbidief ot 953%1@ hgkyes for
storing a plura

%ﬁ qrtable glt st Orcg%ransarotrlt‘:izg said argrga%(‘lesgor r obot
for transtOrtdn§EaiidIgortabidaariesYsr p P
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:



20 cartridges between said storage shelves and said data storage drives; a
robot control for operating said accessor robot; and a drive resource

provi der wouploex$91 o sai d robot control, assigning a 25 plraraiBoey3ad said

| ibrary data storage drives to a pool, § nd allocating and deallocating
said data storage drives fromsaid 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 h0|cd)mﬁllilyarmmiabmé pogoant abdee wilidia cgtgrsagecanpnten gdgeces80r rtel ati ve

t? sai d lra%Q o phfrarfr tfhmeilayaw&gltaz@Jow fdQEvefH‘taLﬁ %%,e@]nggécta
storage li brar an im xe lity of virtual data
storage ?Q%ast\émf’ﬁ%e? féag? (fgn? C}al(gca%‘orﬁ%e %rE’ " e“?ap‘lt‘lp(?agi on conpri si ng
assigning any 35 nunber "ni of a pool of "n" drlves to the drive inage
provi ders, whewoebyter' néadablerprofranheoqoehicr eatsesed @mgueaapradsseot oo,

assi gnmenf,on rx%%g%mgngaf@raq&ershgﬂﬁr h%tﬁvﬂuraéém% iwh@naa1dr b¥ @aidNdhta
dedi cat es one g to t he tual . drive; 40
c

r1ve 1'5' '131d og} are a oca&ec} hln O%'t d\ﬂ.lg Y
and di r e PRY O Satioh BELvieeén 5%t “ANd the g8arcated drive as a
fixed vi rmobdlangr put 9D 20 BPU2BLe HapET7teBa2Y GS’?‘ZBS‘d‘-’fSS“éﬁEP‘tﬁ Brsatlé t he
dedi cat i oreqedsta dri ve, characterizing the virtual drive to the requesting
host application as "not ready" 17 A virtuali zati on systemfor directing

conmruni cati on bet ween_a host A4 n h | data
st or age g%l ve@no?uté:’r’?aﬁec{ dat?e ocrjaac{e RS 8?1 Br ar ya,C£ %3?% F %?’argg storing
a pl ural igpplisfatpert goFeridaR% st or age cartrl dges in storage shelves and
transporting said portable data storage cartridges between said storage

shel ves and sgj glwﬂyegf a2 584,Q4896-ivdE ] ves, conprising: 10 at |east one
drive image provider coupled to said at |east one host application,

providing an image at |east one fixed of virtual data storage drive to
said at [east oREWFISEY HipFirass cielYRDEPHISTr i pxRidral Hah Of fROEAEPSh and a
fixed setdaod stesppnsestitidgesi d at | east one host 15 application for each of
said at |east one fixed virtual data storage drives; and directing

oMU Cal | 0N ReLUReR S Al Alrel AshaB0R 10810 0 LLgal on, apdpysical data
st orage drives of°a ) E'Ip ? ata ‘st orage es of said
a#? omat eragetisdase d?e&geer} |SB%%rsy°r%&?dswvss oarridv%alrdeéﬁ't?r éé°fﬁ‘9ﬁv?’€fé’rescoupl ed to

said at |east one drive inmage provider, at any one tine, said drive
resource provigdesp s shtHtoNJrANYperating 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;



nunber "m' of said pool of physical data storage drives to said virtual
data storage drives, and "n" "m' of said pool of physical data storage
drives i mdpwanesfIas freed and avail abl e for assignnent; s&CU/GB2Wa7425
resource provider responding to a triggering event of said at |east one
host application requesting one of sai ¥irtual data storage drives,
dedi cating one of said "n" - "m' physical data storage drives of sald pool
to said one virtual data storage drive, providing an indication thereof
g 8r saijddd_ri VQnk g 8r PED ¢hél &leddbatiah oV br dtiak, p&msa@tasnga{,ﬁtaé wlaggaMri ve;
sai I, i e r [ e ed physical data
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request i ngrhoisigeajptivest isaid asotayst shelydy "and4gailB phyidicay | dataastiorage on

syst em ofg Céd, Mednporihi@y:€i N said triggering event conprises either of: a
reguest by said requesting host application to nount a sel ected one of
sald portable data stor age cartridges at a virtual W) 03/023597
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for nmoun any porta ata storage cartridge selected for nounting
at said virtual data storage drive; or a request by said requesting host
appl i cation ferdaive reﬁmllrcela:travi@rocagvéedrtiwe?i%ﬁé idestetne dulve drigee

r esour ce Rb6MVdAerataddy tdnenednley sdiadbficeSedditcs Girdviddir agsighhey aspi d

dedi cat eq, phys | alordal s 361 Aol dhpa @3@&&@4 adiJeQ 88iddiivitbyal, data
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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



20 to said virtual data storage drive conprising said dedi cated physi cal
data storage drive, said drive resource provider indicating said physical
data stowagsioassove is freed fromsaid virtual data storageTdrBoes37sand
added to said freed physical data storakge drives of said pool. 25 20. The
virtualization systemof C aim 19, wherdin said detri ggering event
conprises one or nore of the follow ng: a command by said at | east one
host application to denobunt said one of said portable data storage
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event comprises one or more of the following: a command by said at least
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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.



drives to one of said virtual data storage drives, such that said physica
20 data storage drive is unavailable as a freed drive. 23. The

vi rtual i 2&a0i000238yst em of any one of clainms 17 to 22, wher @Ch/GR02/0BBEast one
of said physical data storage drives is added, deleted exchanged in said
pool of data storage drives of said dri¥® resource 25 prOV|der and wherein
said drive inmage provider represents said virtual data storage drives as
unchanged. 24. The virtualization systemof Caim24, wherein said drive
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and physitdghedatraositerage dppliestigh, aandawhermn eshidatsivestmraggerdviiBear y,

sai d | i brahYasleot tdtd saiPhiraldit ¥af sperdgabhgvdada sst @rageualCastd isdgesyei n
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bet ween sai d scf ves and, sail sical "data storage drives,
cdhpri si r?@’P'E‘H"e“éP’ep’sf 6?“1 1o BpUdH 1tr Ui PERTY| BRSO Adst
application, providing an inmage of ajt | east one fixed virtual data storage
drive, pravidimg aufthxe&ath@le@pbiéncah@ﬂ aidl o diaxmg Betof1,rasqrenses to
sai d at Ieat ane host ation. for e Qg_)g gaaltdteagg gc@%flxed
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apt omat.edadat storsyodadee lisbumvyilgrlevadianfreedpdoiveof "n" sai d physical data
storage drives of said 20 automated data storage |library, at any one tine,
aSS|gruru£3any %“Jngg%tua{gzatlon 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 said pool of physical data storage drives, and "n" - "m' of said pool
of data storage drives indicated as freed and avail abl e for assignnent;
respondi mMgotod/028spT i ggeri ng event of said at | east one hosPCIERIpRPBI4Gat i on
requesting one of said virtual data storage drives, dedicating one of said
"n"-"m' physical data storage drives of*%aid 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,
di r ect i Nthos€ 4PPINESRALE P nliOwitetetn dadicatiod phyaiaabrelaliar sdompagrsdai ve by
said Tequestlilg BP3h; ARRILAALLORAS 88 de ik, data storage drive; and
upon sai d requesting Rost application requesting a virtual data 35 storage
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drive, cl#ractPerizivegdissiidn\nathod|fogdadiaest raagemimigatios ketivgen mgqleaftti ng
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drives ofagrdAResutonptietnsdahs sdepeaga |ibrary, said library storing a
plyrality of portable data storage cartridges in storage shelves and
transporting said portable data storage cartridges between ,%aid st orage
shel ves and sdi*@PYPHEecal said éts{e@tség‘g“edp?%g?p HPETR PEASTHEhE ¥ s
appl i cat iddnatdiggbecneof s@ddvinruehmiasd starags ot egye Proidary a EBSY i si ng:
conput er jRadedler Proghd @ €0 ¥hi O £APERSeA 6 WHIUL & 1PAOC®88alost 0
respond Lo 8l 48aler0Be J193!aRRId:CBhE e AYLEING AN SLEBGR OF al
| east one f’l xed virtual drive, providi ng a fixed identificatjion and a 10
ftxed setdrdf’e?'eé‘b%rfgégc'il&gs‘é‘?"ﬂ‘“g’tcaltéa% GREThERY BhptTeEht T "¢Dr each of
sai d at |=e3tcayien fandeshidi physilcabatdatststpugae drivessof diri@citpgated data
communi cajdoRsyddetivean;sai d at | east one host application and physical data
storage drives of said autonated data storage library; 15 conputer readable
program code which causes a conputer processor to identi f%] a poal . of “n”
sai d physi cal R¥SVENIE0? £981 oHh vBs B AVE Gt SRkt 8507385t T 5F8ragE* T brary,
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pr ogram code I ch causes a conputer processor to respond to a triggering
event of said at |east one host application
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;

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



requesting one of said virtual data storage drives, dedicating one of said
"n" - "n physical data storage drives of said pool to said one virtual 25
data storwge3geise®; conputer readabl e program code which earsa2@3@enput er
processor to characterize said dedicated physical data storage drive to
said requesting host application as sai’d 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
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data storage drives; WO 03/023597 PCT/ GB02/ 03743 38 a plurality of storage
shel ves for storing a plurality of portable data storage cartridge
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i nage of one Ti1xed virt ata stor age ri veeftglr oviding a fixed

i denti fi éa“t‘F&F &ﬁﬁetao’f“i’ fé&e‘%é’ﬁrb‘fa]r RFoRERLEIEF g HEFEESt one host
appl i cat iconfmgicabbahbefwesai ghidt at dgest one HdskeabrliFatieal arthPhY Sitcot aipd

drives, aidrigy adiveaChbi NEi6IURAtGAt 8002 bedragen ivahdy;15 at | east one host
appl i cation and physical data storage drives of a pool of "n" said
g/SI cal data storage drjves; and a drive, resource provider cou e;%Sed to said

| east driveTREGE “HEILAFFOIEAT So9F SRETR CARSSSs i PrBF e PFRT6IPES®
pr ovi der igdestiiyi agpamAyof 20" rﬂmﬁe?hysmalofdaéasdoﬁw dpfveshySiseaf ayaPBrtefor age
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St@rage drives, 25 dedicating one of sai d " n" - "n physi cal data storage
drives -of SalCEoﬂﬁﬁﬂer readable program code whlch 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;



to said one virtual data storage drive, providing an indication thereof
for said drive image provider of said virtual data storage drive; said
drive i mewye opwssPter characterizing said dedi cated physi cRCTAZR0Q/03146r age
drive to said requesting host application as said one fixed virtual drive,
30 said drive image provider directing ¥onmmunication to said dedicated
physi cal data storage drive by said requesting host application as said
virtual data storage drive; and upon said requesting host application
request | ng a W bi w11 OptE StdHageesHin Lo £pF | dtorimy sabThrdlisie of gsaYEcTe
provider ( sct%ga%g nghngggm cal data storage drive, said drive inmage 35
provi der @haracte izing sard virtual data storage drive to said requesting
host application as "not ready". 29. A virtualization systemfor directing
conmmuni cat i on dneagressrontrobensior orasheotingp@idcrartabladdtpippsrassl dat a
storage dar¥VLSagel mitwast Bl edodafd shilVest HaAgRId physiicy]l &aadsddrhgary
storing 3.R %gallty of portable data storage cartridges in storage shel ves
and transporti'ng said portable data storage WO 03/023597 PCT/ GB02/ 03743 39
cartridges between said storage shelves and said physical data storage
drives, conprissiplgpt gomlriolefqre gperatenpregid cncepyvirelatg at | east one drive
image table 5 conprising a list of virtual data storage drives providing

an,image of a f&g%esq {%yrd@u,é xmgge i@s&d\éwmhe@%as fdog@a%agé i esho&nd
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of data SLOLAGe q.f ¥ESaden gimgedanﬁsfcﬁxr ﬁ@{ie&@q aaeﬁ,h‘mﬁ%@l&pgemhgmnt

said drive _resource provider respondin ?1 ggerl ng event of sal id at
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drives, deth'carihphyatcadf datm dtorege"guivphyindal data storage dr| ves of
sai d pool 15 to said one virtual data storage drive, identifying said

dedi cated physiyeale Q@é@argg%%%d&f w@pl'ee %Isguﬂraltvgasqa@ﬁveama%eas sai d
one virtual cfata st orage dri ve; east one dr

ravi der
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drives; gngtcﬁgpée@qqqgncxgqng$ﬁy§gtQQﬁqof said virtual data storage drlves,

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



bet ween said at | east one host application and said physical data storage
drives of said pool of physical data storage drives of said automated data
st orage |wbroafg3s9sai d drive i mage provider responding to ParGRieE3Eati on
and identification of said physical data storage drive in said drive inmage
30 table, characterizing said dedicated’hysical data storage drive to said
requesting host application as one of said fixed virtual data storage
drives, and directing comuni cati on between sai d dedi cated data storage
drive and.$aihigesBeReENGalWSotfel ERallvies S soRi Bhyd chuadatdastbragor age
drive; and,upon _said_ requesting host application requesting a virtual data
35 storagé dri've prior %0 said drive resource provi der dedicating said
physi cal data storage drive, said drive imge provider characterizing said
virtual data stdrageresdureetrpovided peqidsng ag Irest efpArtes invrgeasabivot
ready”. 4QmaPisifg\d ntsaldezatdeanl rikhostokage diri e bhgviGangEmi Cmddeoas ket ween
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di rect i ngiaganEBsRhgA OV ;bahaveen sai d at | east one host application and
said plurality of physical data storage drives of said autonmated data
storage library; providi gg a pool of "n" said %/)J’uysi ca,ld dgtla st %rnggﬁaosgri ves
of said autorfiit btReGat? SEHFRJEAYS BFAFYST af°URhY” SRe°TiTnd: "488T G ny “any
nedber " rbplGtipn saddepoded ¢k pridseie, gesquice trypyiferdr PXA¥Edingnat " n" - "ni
of said peakt fnephscad sdod Fisédrageudr Bxes stotigeadeidreastd sestl aanteast
avai | abl g feoaostaggﬂlqag&%a L ASPARNNEeiQed drbhA0QLEAG B Sy 0fi S althat

| east one,nhost 25 appl i cation requestJCPeg one,gInsal d V|.rté1qldenata st.or age

drives, dE@Ped@Phy said drive image provider provi 1fication
and fixed set of responses to said at least one host application for each

g said fixe

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



one of said "n"-"m' physical data storage drives of said pool to said one
virtual data storage drive, identifying said dedicated physical data

st orage dwpowe/02359sai d drive inmage table as said one virtuRCTAzR0Q/03146r age
drive; 30 responding to said dedication and identification of said physical
data storage drive in said drive inmge t%bl e, characterizing said

dedi cated physical data storage drive to said requesting host application
as one of said fixed virtual data storage drives, directing conmuni cation
35 bet weeharstiddeder cabedepinivedlandat minspontage siidvgordanl s d@hth rsequsst | Ng

host app'éagg{iiaa@s%t%@ms\skatg&@kaéﬂeagﬁeﬁ;egrérgﬁsgfa g,g%s@aq SN S§Rale

requesting host application requesting a virtual a storage drive prior
to said dBdVeht FBPICEY FB8i ¥4FFif *sai d physical data 40 storage drive,
characterizing said virtual data storage drive to said requesting host
appl i cati on aproifdingeatiyeast 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”.



