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AUTOVATED DATA STORAGE LIBRARY 1L LLLELEEEEEEEErerrrrereeerrererrrrenrt
«167167* WOBWI¥ the Invention 5 This invention rel at e8CTEBIHPI3st or age
drives of an automated data storage library which stores portabl e data
storage cartridges in storage shelves and transports the portabl e data
storage cartridges between the storage shelves and the data

storage—drives—
for nmounting and dermounting the portable data stora e cartri dqmlﬂlﬂwnlm“‘wu“m
data storage dri RAFA SFREACENRRIYES (FNpAY AUTURAIEP PATY (9"? Ea}1BBRRK
data storage drives and the virtualization of those data storage didnses
W th respgfdia 0 th@SthveddBh i cat ors which conmunicate with the library.
Backgrouna of the Tnvention 15 Autonated data storage libraries are
i ncreasingly enployed for storage of large quantities of data ¥ ically
dat®a that is |'F1'1"13e¥ft)’§ﬁﬂ°§7 re&é&%%%@o""“lﬁ? FREIFFSF VAR AT BRAuERtedHa 8at ais
st or ed onsporgelllibraiyt ehicktayruee Petiable digbs sihiade carbéridges da B¥Pragor age
shel ves. ExaWpk esd0fradéhopos tabl @réaia &itar Agragachitrdgns Béwweedithei dges

cont ai ni ngtoqagg@aaﬂgﬁf andrr&wﬂa;éac sLSRGe CHrJ.GQJItf@f %&&1@9 ag,atae%almtqh%k aV\pggot

the data | s acce sor obot er ated
control of?% ﬁ%rtlai’g? b BS?’I' § "Eaf’fg %;dgg ? r&a% a‘ﬁg ora
cdPt ri dgePFutdtiamey 'SFBr%ealéH%?tfm&t“V\H%ﬁ 3ta; %‘:°§i‘ftfr 8FLVEA Py 'g??spor ts the
port abl e dixttaabizet kgeot ahose defer betragenirives widy aepeshdiovkestand dat a

storage dgjpiesadorRs RO CoR@masdtedeithutid Dgorabe. port abl e data storage.

~.cartridges at the data storage drives, and returning the portable data

‘st orage cartri d § tﬁot%u}nven LD a di f f er ent storage shelf. 30 Aut omated
dat a stor-ag%iﬁ%mtl mes arranged so that, even in the -

prrésence of nmultiple host applications, the library and Its data storage
drives appear Awomztel dagststapade anianiessre tigcxpapidglisrempyoveddfordri ves. In -
one exanpstdrage DPELirhé Guantitnés SEAlaRge typodalep qabd taht |isantfraqueanry dat a

storage d{ies&f b%%elﬁJQEaip}Qlic%tg@rgy cafeUadtd £aGRoAaSEn paPRbiE@REHN. Upon a

request for data iraq st_.appligatio t he artabl e data storage
cartridge’ Havin ca’f%ng%’eé’ ﬁ%isg i Tt gp ragl S agdcrgge sé‘eg "t he zfccéssor robot  of

tR8 |ibr alf‘%fta%ﬂfddw Fw[ag‘a cpptaages &r%tcartérg'tgg%ﬁ, coptaining a length of

magnetic tape or containing an optical disk.

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 thé storage shelf at which it is stored'and'transports the
'l 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 returnihg the portable data
_ _ storagé 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 applicatiqns, the library and its
data storage drives appear to each host application as its own library and
drives. In one example, a specific set of étorage shelves and at least
35 one data storage drive of the library is dédicated to each host
application. Upon a request for data from the host application, the
portable data storage cartridge having the reqﬁesting 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
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dedi cated to the host application for use by the host application. TTR&AL
host application can thus conduct a series of nounts on a k wr) drive.

This is v&’ﬂﬂ Q23Pti ent fromthe st andpoi nt of the host, EF'F@E YBgrive is
al ways avail able, and the drive addressing is direct and i mmedi ate. The 11
LTt e rer 111 *@0002* 1 6 MAY 2007 WD 03/ 023597 PCT/ GB02/ 03743
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 ibsAY MY @LFY @PRRAXGEC PR %‘rfaﬁtly pesigref 6P HEehRSSEPRISTAER i ons i s
not constset the aeiengor trsbcn:tedis(m:tedldaﬂars@oragéSdHa#ee@f)iFiMefmmi‘a‘@s are 5
of ten i dlRandldif€ dehenddbiMRSusdge B shaHedr teachlidel eliec Rbsthapiliapyilone dsi ons,

o any hos! BRPLAGRLIAD ik 48 QRLLIG! AlcaYoldfhld/ @l HNARKE drdvedfid OW

drives fraom anot | catlon,

as3i gned FFFYdele ar éi‘tﬁel W"ggﬂi"ﬁﬁd“&a??fl 4 ta.%igg?‘re% e‘%:°5rktarpp %lca%mnsheeded
t he host ampphdstadnpdpcatdyn Haek isopagsiculsaly |actie ke smabiske C“QPPES’H itself 10
denmount s @ieeL Zkdnk lafdGthedrhdse| gp3Ibsatids, dndyéor rexanpler ifoablcoésthedat a on -

the ot heryggdddddl dGes AR¥ utd9f i da@ od ik FRrbitdFhAIGtFE s M2B8ed,
appl i cati.on cis‘é' Sheh SAHI L8 AL GRNET QULLIY uBli! BRSholdS Qﬂ\éh&%ndfés\éfg s for

both host ap I 'ons ost ap |cat|on owlin its needs, new
difves ca??ﬁﬁ‘f“tlﬁe“&sg?’d:ﬁé@et g* trﬁ&?a%ssﬂtts E’b‘IVFc’eﬁ o E"qr\/vlt‘f REGE=S 8NPt guring
15 at | eade ¢ther rastridopl i @aY i “Barrowinginof e driveaffAmeanather k98t appl i cati ons
are not alpbmnﬁdldi WeGld ré&fuiEe recaifiguringtdt deaiat thesdeviageddrene foRat her, a
_ vi rtual Lok M3t Yapb§1caQ§$@3l | etk \&hh&gl @ﬁmll@éiﬁoﬁatﬁrhﬁ it DEAgeedst, yiuwcal | y

di sk dri vdﬁs), 0] st(gre %8561%%9 ety VﬁothfQé}Jﬁ an%%& aLlRAg;queid N9 as

t hough. t & Tache st 0 rive and i's witing the data
t 85 por t alfitel gt atrst B?Sffgéppléﬁ?ttif’f‘dge The data may be reaccessed while in
the cache, called a "cache hit". If not reaccessed, the library. downl oads
the data fromrhhéoctRehexanglier age Host sappaidaticige aeapbu)dlagwed dixeat st or age

drive Selc%%tﬁﬂcbﬁ/iohh@itg% | da % %‘Eyrag\éh@flvdat Ratifer e&]U@Sitﬁdl'b)liﬁ]hﬁyhﬂSt
-applicati ogé_%]]lsgl?d tw?lc% Qotlow5 chhC%g & Stg::}'%ﬁ&l &ggt}glm;‘,sw sthe library

tri e testhe

: | oys
_aggessor drabﬁo‘iecfbvegcﬁré’g‘shctsﬁ pplé‘éaﬁ‘? Hg&H PP riths “an ggv%ﬁel abTe data storage
drive, operatdssatdyeragec @siysr and %d’tn%’dlgrrh‘tmﬁa‘t%é° CPSFF?‘ing‘B‘“‘GrFtPﬁ‘égedrl ve,

reads theadetisigér omhé kigta may be reaccessed while in the cache, called a “cache
hit”. If not reaccessed the library downloads the data from the cache ‘
) storage to a cartridge employing a data storage drive selected by the
25 _library. When data is requested by the host application, and it is not in
' cache, called a “cache miss”, the library employs a table to find the
cartridge.storing the data, operates the accessor robot to access the
cartridge, finds an.available data storage'drive,'ope:ates-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 heterogeneoue drives (drives of at least one different



30 cartridge and uploads the data to cache. Fromthe standpoint of 1tghgay 2007
| ibrary, the usage of the library conponents is efficient. However, cache
storage i s expensive and adds cost and conplexity. The cache storage nust
be sufficiently large to handle |arge. data sets and nust have good stagi ng
and destaging algorithns to avoid excessive "cache m ss" situations. The 35
host applications communi cate with the cache rather than directly with a

drive, and any host application can contend for use of shared conponents,

| eadi ng t o charasteppiéqliis peohitited ayithoutra magor repanfigyratiodrwhich wall recpmingdatedthe o

be repl aced; t J I : I ver from.th
exception g%ﬁ%’?ﬁ %ﬁ?a"teeg‘ggg‘r ;[?Hyl/t%? fﬂ% s oﬁg%&&v‘g 8}”9 g(gglgl‘eilhg%tl a%ml#atﬁ%ﬂathya t be
40 possi bl ds partitioned athbrgst @adafsi Igist ptocessoispbi thb pagions nAst castantlyieformn f
the drives are _ho neous i.n all. other respects, Upgrading, exchange or
sharing of eﬂwggﬁgﬁ% uge of dhe dHVE gRASIP Y I SOREHAR oA TETRAY
2007 3 schayagdessithé héok apRlidafioh iidk 8owed. hout a maj or reconfiguration which
wi |l accommpdate the different characteristics. Limted drive sharing may
be provided by a host application that 1is partitioned anobngst vari ous host
processors, but t p | £ . €0 Ly, 41 t their
use of the drive Tlshgs’azgh%ég és’?%;% té\;}j?(h’iu?}e %%@E@Sﬁﬁz@ga}o%ﬁ},aggﬁﬁ?%ﬂgp ?t%rél%%‘w

out si de of etipdoyschbred ppmpomdntom anefficientahdmmeed. Thus, a need exists to
provi de an automated data storage library system which enploys shared
conponents in an efficient manner. 10 Anot her need exists to all ow

expandigg host apglotiferhbaneifs td AW é)ﬁi’aﬁdﬁﬁg%@stra?ﬁﬁédﬁ%ns bhe DBREY td redéive
;additional drjives wi thout requiri _ntg@lr econfrguration of the host :

appl i cat i ortle benefit pEaddiieng dnvaswithent roguirigg recpniigurati@ced ths hest applicatiops 1 6
MAY 2007 %rﬁ%ﬁﬁﬁ&%.Of the Invention According to a first aspect of the
present disclosure;” there is provided an allocation systemfor allocating
data storage drives of an automated data storage library in response to at
| east one request for a data storage drive, the library storing a plurality
of 5 portable data storage cartridges in storage shelves and transporting

t he poritabl e data
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storage cartridges between the storage shelves and the data storage 1d§ MAE7
for nmounting and denpunting the portable data storage cartridges at the
data storage drives, conprising a drive resource provider, assignhing a
plurality of the library data storage dridves to a pool, and allocating and
deal l ocating the data storage drives fromthe pool; the drive resource 10
provi der, upon receiving the request for a data storage drive when all of
the data storage drives of the pool are allocated, indicating to the
library t o SHE nbion 5 portable data storage cartridge relative to
the request. 15 iﬁég : 08G: A
According to a sé%%ﬁr a 50;’24[ ﬁ[ro%% ﬁgﬁg&gﬁk}r{if%jlg%%% egé:‘eYs iz)g&é?%d\%%ed
an al | ocatalloativstslystemffor aliddatingtata gtodegealrstoo bageaudsmated dath storageliieagtied
data stora | i brar in respon to.at |east. one request for a data
st orage dr ?gsé’o n?%% %i‘%arf‘g?&‘ze E{)qB?Sﬁ ﬁ&r %d%F‘ §HLES GV thep@f"fl%'bslt%“%? Bﬂg‘leY 8be
cartri dges portable odaag)8tosd! vAGidERd ih lsREROERIVE irﬂetrﬂbebﬁtngthéaﬁ&taéleSma age
cartridges between the storage shelves and the data s orage_ drives for

gees

mounting SHEREFFASERH Betvsen Hisr standee skrlves anddha glatacwerags for mavatingt a
st orage drigy R i ORi HE

| i brary dat agg'? I(])lrsage gdt?léB gggaqlgggﬁfsgg%ecggﬁ gag%sgdgglg&g?%abgﬁfﬁg dgg%{ﬁ’ Pé@g{?ﬁﬁ t he
dat a st or agelriyeirgssyrderppavitére agsigning apluralite ofiheilibgary letarstoragsdrivesrto a podlat a

storage dri - al | .of . orage drives of.the pool .are

al | ocat ed, a?{%ép@%[ Ilng(jl nflgle'fﬂz)&fe’ nggihl%bia;% f/toﬁage ﬁ%’lvas §'ﬂ§5‘ W&Pr?f)ﬁgge dpGFesABre

.da'{ a Stl(»i’ aq;eo\ddﬂgl upaigugceieingtthey gequesttfiea detquesige drive \Qﬂenhiﬁgf 8@ dala storfage .

R\ LI BCC] 05217. wxb 1 6. .MAY 2007 6 According to a third aspect of the
B esent i SETEsoF e HoRk#e H16calrd drfiting 6 L Hey to hdBITISHOUBE PoRible
conput er r dadabdreod Reiridbe HiABleQo Md Bq@esPr 0gr anmabl e conputer, the conputer
program product havi ng conputer readable program code enbodied therein for
al l ocating data storage drives of an automated data storage library in s
response to at | east one request for a data storage drive, the library

storing a plurality of portable data storage cartridges in storage shel ves
and tramfsporting the portabl e data
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storage cartridges between the storage shelves and the data storage WWX%
for nmounting and denpunting the portable data storage cartridges all t 07
data storage drives, the at |least one host application coupled to the data
storage drives and to the automated data5storage 10 library, conprising
conput er readabl e program code whi ch causes a conputer processor to assign
a plurality of the library data storage drives to a pool, and to all ocate
and deallocate the data storage drives fromthe pool; conputer readable
program code whi dkrcording éa agsesong @spect pf dae prasentt disclopios; therseis\progideden

request for e 1frl ||, of t dat a st e drivyes of

t he pool araél@gﬁﬁ%ﬁrg?%ﬁc? ?(?fn%gg!ét@ {M&?? tr% eid61815§ QP?% aattgm%eéiﬁ‘é/ﬁg itgmlgﬁtgﬁfa%f a
portabl e dahaespbmseagat keasttone dermestefbai date stovadelizivepthe ¢ibtary Aeiap diphgalit§ of
fourth aspect ﬁlfﬁ he present dc{scl.osure, there is Prrovi ded an automated
data st or ad8TPPGr 43 SILRRFFHHIASGS 4R Sforags shieesnyi rapspertng: thsrportaBlepdatai ng
a pluralitsorafe SiMriigsd BERBEn Hd é’t@ﬁge 3hdvey Ald th¥ Rfa $HALAYRVENR) \ﬁ?oﬁmfﬁﬂg
storing a plurality of 20 portable data storage cartridges; an accesso
robot for tapddspenatingfhe pertge datsistoreget cartridges aidlee daiz storaggdsivbe compnisinge
storage sh s - QF ' ’ . ntrol . for,.operating
the accesser” ol ssHEmnl g rRuhO R ihifhns Bo 088 Rg Aol uuyBBRRE
control, assdgkiliogaangkherddta stprage drives lfiohr dreypodst wpostreceigiagdhé ¥r@esdt Joa pool

and al | ocat and .deal | ocati t ata st.orage. drives fromthe poal; the
drive r esoufllfl{dji|1 tOS PR, IS W ﬂbg]i Oggler‘gg’eg%aﬁ% ﬁﬁv?se%ﬁg% poglgre Q{I%Cé‘feél’ ndysetge
drive when t@tie librarlyhe holdtany $icun8ofa HokabeSdA4 stofipe RRAM dgerehitiab tPBRt&fest.
cindicating to the robot control to hold any nount of a portable data
storage <cartridge relative to the request. 30 [R\LIBCC]05217.doc: wxb 1 6
MAY 2007 7 Brief Description of the Drawings FIG 1 is a diagrammtic
representation of a virtualization systemin accordance wth the present
enbodinment; 5 FIG 2 is an isonetric view of an automated data storage

l'i brary which may inplenment enbodi nents of the present invention; FIG 3
is a block diagramof the automated data storage library of FIG 2, 10
togethes with host applications and conponents internedi ate the host
applications and the automated data storage |ibrary which may inpl enment
enbodi nents of the present invention; 15 20 25
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30 [ R\LBCC]05217.doc:wxb 1 6 MAY 2007 8 FIGS. 4A and 4B are 16 MAY 2007
respectively top and end views of an exenplary portable data storage
cartridge which may be stored in the storage shelves of the autonmated data
storage library of FIGS. 2 and 3; s FIGS.6 5A and 5B are di agrammti c

Il lustrations of exenplary drive inmage tables in accordance with the
present enbodinment; 10 15 20 25 30 [R\L.IBCC]05217.doc:wxb 1 6 MAY
2007 WD 03/023597 PCJ/ GB02/03743 9 FIG 6 is a diagrammatic illustration.
of an exenpl ary dhcpEdingdpea jthird aspestdeinthe wresentt disclpsuse e there ih puovided 2

Labl e i n acommid HORain prbict S s ohfBiuc A BRI eatye R X kR bl
depi cti ng aompubaditie womphtet heroprih guodifct t}meingp’b&mpmbr ireatablel proghanh code g
data ot or agetiadiel foentior desaihe 4 sGrageyieesls piomiied dactaires tRBPGE ng
e e 1L o et pre Ao ey S e
gﬁrg\(;ldi rGrtrant poftablgedata staregeneartrisices i siorages shelvesvand trensppging the mrta;blha datah

| ' ' vent s: ] 0 art
Gopt ot | g StagEartlagks Buipben (¥ stbfa QURHV A B Rte (WhiFe SR ol
drive resowndelemountingethe pbrifhlGdath starage2carttetizes sighe darg s&umtchi:ga,rtﬂe & l%tf
12A, 12B a 2C are flow charts depictin n alte i ve enbodi ment o
~the pr esen?’ gﬂe #\9 natppglﬁatpgrcoflﬂ%dd? itl%)ee&)attae§t8[f’%8%”b’?%@‘?c{jg’?t%ﬁutoﬁ}a@d (fatq gprage

| ocki ngiodatlbrary ocageisilig @fputer readable program code which causes a computer processor

to assign a plurality of the library data storage drives to a pool, and to allocate and
deallocate the data storage drives from the pool; computer readable program code which
causes a computer processor to, upon receiving the request for a data storage drive when
all of the data storage drives of the pool are allocated, indicate to the library to hold any

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

According to a fourth aspect of the present disclosure, there is provided an

automated data storage library, coupled to at least one host application, comprising a
plurality of data storage drives; a plurality of storage shelves for storing a plurality of

20  portable data storage cartridges; an accessor robot for transporting the portable data
storage cartridges between the storage shelves and the data storage drives; a robot control

for operating the accessor robot and a drive resource provider coupled to the robot
control, assigning a plurality of the library data storage drives to a pool and allocating and
deallocating the data storage drives from the pool; the drive resource provider, upon

25 receiving a request for a data storage drive when all of the data storage drives of the pool
are allocated, indicating to the robot control to hold any mount of a portable data storage

cartridge relative to the request.
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25 Detailed Description of the Invention This invention is describef “p% 007
preferred enbodinents in the follow ng description with reference B é
Figures, in which |ike nunmbers 30 represent the sane or simlar elenents.
Wiile this invention is described in terms of the best node for achieving
this invention's objectives, it wll be appreciated by those skilled in
the art that variations. may be acconplished in view of these teachings
wi thout deviating fromthe spirit or scope of the invention. 35 Referring
to FI GS. 1-Briefdlesernipiioniofdhe Drawings i rtual i zati on system 10 is illustrated
whi ch directs comuni cati on between host applications, such as host
applications 11, 12, and data storage drives 15 of an automated data
storage |ibrary FIG. Thea didgraminatid epaserationiofd virpaldiatiparsybhnean dadordAe

st orage cartrlﬂges 14 i torage shel ves 16 and provi des an accessor robot
18, 20 for YILHE BESERt SR B“ﬁﬁrtable data storage cartridges between the
storagesshel ves and the data storage drives. 1 6 MAY 2007 WD 03/023597
PCT/GBOZ/03743 10 At |east one drive inage provider 30 is coupled to one
or nore host appl©catis emsisametrtoviewnef #r eviotatedadati stogegeolibraty whinht meye
fixed virty V. ost application, while actually
directing g%ﬁ%@%@?@%@%ﬁgg ?hkgﬁh%ﬁt egn(ﬂﬁppllcatlon and data storage
drives of a pool of "n" data storage drives 15 of the automated data

storage library. he driyes. 15 of th | i brar t hus shared between the
host —applicati oﬁgg $h‘é ablx’ﬁ\% ﬁ?ﬁﬁrﬁ@ Bt A 3@?“%@3 &att% stoees HEgE 9 g HE: 2,
comunigat ieethenmliith HddCapplishtidiy aadRbMYbitd ﬂrﬁ%@ﬂedﬁ@ﬂhé hog %hpl%ﬁoﬁd%dfthé ed
10 sets of responses to the host application for each of the virtual

dri ves, s&EWn%aFPéit datgestaenge Lprary i mays ipplsyieak embiodimente of pibe aprasent
that all of,yhfigy:host's virtual drives are dedicated to the host all of the
time. Further, the under |l yi ng physical drives may be different at various
accesses, and drives may be added, deleted or replaced, all wthout 15
requiring a reconfiguration of the host application device driver. A drive
resource provider 35 is coupled to the drive inmage providers 30. At any
one tine, the drive resource provider has assigned any nunber "ni. of the
pool of "n" data storage drives to the drive inmage providers,
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20 and "n" - "nI' of the pool of data storage drives are indicated a@ f 2ﬁg
and avail abl e for assignnent. The drive resource provider 35 respJn MA
triggering event requesting a .drive for the host application virtual
drive, and dedicates 25 one of the "n" -8"ni' data storage drives of the
pool as the virtual drive, indicating the dedication for the drive inage
provider for the requesting host application as one of the fixed virtual
drives. The drive_inmage provider 30 characterizes the dedicated data
storage 30 driv&IGs 3 @sg rqsgethglw topapd ieoétViiQ}YS a&amweemﬁlawrwmbbced

virtual dry cat a st e
drive 15 bdeafit ragggﬁlgllsl{lgengﬁﬁos app ﬁ%%:éa F&othg %ra% Vefﬁ ?fg?te‘grdfl@
Prior to destbregd litwaryodf HGSh2anhd¢d] drive as a virtual drive, the 35 drive

i mage provider 30 characterizes the virtual drive to the requesting host
application as "not ready". As an exanple, "not ready" conprises a fake
conpl etison res pormasosAanangta@@hgsaahStlé DRG0 RY eRehSlatyCdHRAmabe td18
drive. 40 I.n accordance with the present invention, the drive resource
provi der 330 aggosdance pathvhepresentembedimangr a data storage drive when all of
the data storage drives of the pool are allocated, indicates to the 1 6 MAY
2007 WD 03/023597 PCT/ @B02/03743 11 library to hoId any nmount of a
portable. data storage cartridge relative to the request. Additionally,
upon receiving the request when all of the drives are allocated, an

i ndi cation may be nade that the requested drive is available for nounting
a portabl e data storage cartridge, but is 5 currently unavailable to
conduct any subsequent conmand requiring a nounted portable data storage
cartridge. Thus, the host application 11, 12 is assured that it will have
a data storage drive, and can retry or 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 nounted and ready, the library
may be able to handle the comrand. The drive resource provider 35,
subsequent to providing the indications, awaits a request for deallocation
of a data storage drive and 15 denopunt of any portable data storage
cartridge at the deallocated data storage drive, and allocates the
deal | ocated data storage drive. to the
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request for a drive, and indicates to the library to rel ease the hqlﬁdmgf 0
the nmount relative to the request. 20 In one exanple, one or nore l'ib rzf)

i mge pro¥HBOBAB npy al so be provided for virtual |ibPEFGBE203ZId Wil |
conprise a set of the virtual drives gnd a set of the storage shelves 16, -
which are defined by a library 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 conprise a_ host
processor, sucdH®as ap 2 ABrRGaGhodldnstaatimre 38 PErPsr iiye grabtedsor, and
al | the apEpbidsate onsh therpreAentoemiddemérest processor, or nay conpri se one of
multiple applications running on the host processor. Thus, the host

appl i cations ar.e pi.ct e Qnpri Si a pr Sy, st em havi ng
o br ocessor 36 ooty L A0pEEsnBt SRR FRRIE Bal PR LB B TR 7o
an> exanpl%@Pl¢ dfp?ceEdangn YishtidreRedora SEPWLPeRtidge storage and retri eval

library for storing and 35 accessing data storage nedia conprising physical

vol unes of nagne! isCid apLlowCidrt i &St ingUs! eSodRed Bt In84netAbd @ Nael Vel Y,
the. aut 0%@F?%rcdmnt&h%&g@orléiQﬁx%%ﬁtJJ Ialifgéri'éfi&rm&' &%f%x?ﬁtohcfé ¢R4 Or age and

retrieval ary. or a tape, cassefte ry, etc., ea efined herein as
storing [OFY&hPE thE ARG G52 APrrI iR iRf Bii%a %f&&a?de drives 15 read
ah®l/ or wite 40 data on the nedia, and nay conprise a processor. The

library furtherec. coiai Siw éharobipictinlra kafoddderdtobf @pematha of Rheaccessor

robot 185,,:2Qne ARANG chl BIAENe FRNRIEHadA0rol8e,A6E G580 F ObOt 18, 20
conprises a gripper 1 6 MAY 2007 WD 03/023597 PCi/ GB02/ 03743 12 20 for

engagi ng a sel ected portable data storage cartridge 14, and an accessor 18
for noving t hEI%-i pHernddlicer 2 LoHrAge: dhpiqting agrerbadigepy ot g or

bet ween sbthcggef shelpresentTheveacioms §@r tholplivel esABcamyoaldeo ofconpriise a bar
code SCaRBLItridgerPhg Sh8idsar vision system nounted on the 5 gripper 20, to
"read" identifying cartridge |abels. The data storage drives 15 can be
optical disk drives or magneti C tag_e drives and, the fportabl e data storage
cartridges caf tohprifsd fA8Y (PPHySEPHIT BRSLTTREI MR MfaF b APt 0 &P or
magnet i cPrestnl, inventiort forethe doivearssogr¢reprevddew ®lfl BIGst brfage. 10

20 detriggering events; and

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 Deécrigtion 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 robot controller 41 and library manager 40, conprise at |east ohd MAY 2007
conput er processor and associ ated storage, and are coupled to an

i nput / out'BAOPHPYr face 42 and a terninal 28. The conput HCTHFRREIWSr may
conprise, for exanple, an |IBM RS/ 6000 processor. Alternatively, robot 15
controller 41 and library manager 40 may each conprise a conputer

processor, and the conputer processors are interconnected. In the exanple,
| i brary manager 40 conprises a conputer processor 45 and associ ated
storage 46. The term nal 28 may conprise a station for reading a data
storage nedi Uk 1det cas dribé appye @irokider IBDidChhipledOtdllge lorbiieyhomnager 40

- 1s coupl ggp g@mnanf& CONt L0k $rbiifek a4 HIYe0FH - at ﬂ&gtrcﬁlleafﬂdaﬁtrhﬁls of, the

drives 1 rar mana er 40 1S | cou coordlnates

t he oper é‘??%ﬁt%agfh%ﬁ%bt& each, g3t o PRI cationT H’E‘ f‘? Bfﬁ?i;{lﬁaﬂéﬁcﬁmﬁs coupl ed
_ tHf ough tchemunicatiippdietygent the hesthgpplicabloapind Battd skeFage drives PRe | brary
manager Pdohas -l Hdvaasyorage ageves dntcbasecavdtmeted gatst et@age riidtaryage 46

(typical ke @}@v@; 1%@:&@&@5Aﬁkaredeﬂu\ge&a%dfdeas&nEaPmt for tables and
progr ans. cces o be recorded on, or to be

ta S
read frofff? 1«??%’&“& ;sz)r(})‘?tarﬁ]'e 13"?‘3 Pr°s‘f gr age carttrhe g S14 are transmtted
bet ween €pEW@icardens yith ghe hoshdyt empiorts fedi teetikicariometadd fi*efhe data
iyrage previslef B3BporHee 4d bheahpst rephigeticdh0fcie kacte of edehviptndlaldrevegat a
- storage gadd kh&l@né MoberapplitatidiS isipgdonidelii with ti gfpdasadcepieal oy agvol une

seri al méﬁ@%'bst'%" vyxgu%%rlpés’ ar@ldtegf&gsd \{:gl the h&tt 156 40°Y; C\'](he| tt.ﬁneI ocation. 35
The host a Ilca ca lmX qoougl ereq: t he Ilbrary 17 by

ypi

one or r’rﬁ?1 g‘ﬁe‘fﬁdgjjlyﬁfl%rpnﬁ?j“aftl ‘Prtl‘ﬁeés ¥t applrtati on and the automated -
dat a stoF%f@f’@sF‘i"blaa‘i’y’ﬁN‘F B3 B | adsd éﬁl?%ﬁe?rrréﬁ’léfédfcéhbd’ﬁé‘?ﬂutl s a host bus
adapt er 5€uiridfy hnregwefiaxaatplon, off hize hostt abplbicatinyt éevise drdvner-i ses

I nterfaces 52 and 53 which each interfaces with the appropriate

connections tp £Yplgsdfdcb h;&oilcfér'\@/ Zo&lflé@cQ%Q?@ii% iRedd 93931&.3.2 43 13

library or to other |nterm=heF te conmponen 0 th St aanblcatIOI’lS

t
11, 12, chPhEmpane B BOR, eseeree chg’égeraqﬁf\lﬁéffgne & adapt er
conpr i sedny ofr eersVr o AnA fdtagIrovegeatives norbhe dghve awesmqvamré buffers
a@®d i nt epmbrnect "ONSE e pocanpf @abd sgotrmst dbiyse adapirdicB@dconpréses an 5
| BM eSer i@ apSlabes £k gabidnmeh®r € Channel Adapter. Host application 12 is

The drive resource provider 35 responds to a triggering event
requesting 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



'shown with an interface 53 which may conprise an adapter. Another exdfphAY 2007
of an internedi ate conponent conprises a gateway or router 56 having a
pluralityW20¥88¥ifaces 57 with the appropriate 10 conne®CTiGBo2/93343
i nterconnecting a nunber of processors,ijn a network, such as discussed
above. The gateway or router conprises a 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
t he presehtbradafrekoldr anyt meunsr ofj &t povtpble datx ghonagk |qartridygs redativetey " or -
"intelligend régieseh” Additdohdlage upbn Meckiving theereguéstayen @NViosite ot her
appl i cati gASes R PNGEAINOTS PfdicabidiPiay’ BIMHakS &ndt GChePFRESIA  EyveUch as
the Intel 960,80 b0 Becordance wh the present. lovention. ,ihe drive
i mage provi d&7% 2050 BAIPSP e BPFVRF €58 T8 B0 U % Ry “he. enbedded
i nSany of SYTRBSY unaypliabae | toncanducy Any Abpequepre@mEd EIRPHTEN? 50, 56, or
the aut omadwaded gattmbdt GangestbrdgearyrtiidgeAs Tme, ehanpise, agphécaiiondli mage
provi der s18QgalLulen eRGN 1L NARIE NRAKAL LAatdbCorhgd it ¢€, dhl WBh Rk} R _
associ at ed_ host aggl ication 11, .12, g}gd the drive resource proyider is
. ssye.its xt command rela e.to e drive. f £he ne comw d does
mco_rporafe | ntt_o a corgoner]f i 1t 61 medi ate the host applicatrons and
t he aut on¥tedeWafrs 2ebragedrire hearFspiy ot Fhet 8PTSARLe S8bUER* PFovi der must be
atl%a conpesrsnidgeoepimeehtied andatendyf thieelibiasy gay de d@stthbenddapteer s of
hosts, hasdmtgn® drive image 30 provider. As still another exanple, the
drive image provider(s) 30 conprise a conponent 50, 56 internediate the
host appl i cat iiql@(ém.)ivg'lfeslgrceandvtigeer gyt %Ggéeedergta g‘ Sr%x?%%%? tlhiebr ary 17, and
the drive resource provi der it conpri'ses a . onponepnt nt er nedi ate the
host bus HWAPtErney0 aFitHoR tredefid e dedliPeitior P ALALR (ATPEIAEr IV E %,
drisve i medrmoprtoef cdawspB0ale dahmpetaage cairteidde jatethye déallpeatgdsistipat ed host
~appl i cat i éegadel drihi2, @i@dalloRQted LNE dE£NOUATE {MtAVEREgSAr OBITPS itaes a
conponent yRfiedth@ofldt @REEhrdal i cslell a0ent INbAY dJ refdiGh @S Ad1Q b brary
nmanager 40. A s . urt boertheeréan;f)s! e conprises the drive inage provider(s)
30 as incorporated 1n a conponen t5(_), 56 internediate the host application
and the automated data 40 storage library, and the drive resource provider
330conpri ses dncenfperEmic, ghetdremenst bihrrey iftaga PEeGAekfe 4P itwagiFolte 1 6 MAY
2007.  Wp:03{ A6 7 vBEDACBOBLA3 €43 ahd will comprise a set of the virtual
drives and a set of the storage shelves 16, which are defined by a library
resource provider 39. Data storage drives 15 are shared between virtual
libraries, but storagé shelves 16 are preferably separate.
25 _ '
_ A host application il, 12 may comprise a host processor, such as an
~ IBM RS/GOOO 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 procéssor 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

_ stdrdge library 17 may comprise .an optical storagé and retrieval library

or a tape cassette library, etc., each defined herein as storing portable
data storage cartridges. The data storage driQes 15 read and/or write

40 data on the media, and may comprise a ptocessor. 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



The library imge provider(s) 43 and the |ibrary resource provider MAY @07
preferably both incorporated into the automated data storage I|brary 17. @
Each of tMO338%sors 36 of the host applications 11, 1PCT/GBOY®E4S0rs 54,
58 of the intermediate conponents 50, %§, and processor 45 of the library
manager 40 of the library, may be provided with an operating system and
application. prograns, and may conprise prograns for 10 operating in
accordance with the present invention. Each processor may be provided with
a dat abas?9 fpesperlinged pelgRedgRrtade daga siivrade icarirides 14stapdaafe

(typi cal | sccessory ab ok | RVIRNBRY ot piiCbeiwed® laestutiage heke dkiamasy drfiee tabl es
and progrfrs,, meweaegpge&ggé gﬁeﬂfeggrafﬁ@ JZEXS ?”PJ ot €160N50 Ghy JABL €_conput er

program products, conprising conputer reada program code. 15 The

conput er PrBE Nt RS dTREe B‘Ta“f‘ﬁ’e r&eﬁmlﬁﬁﬁéﬁfT%ﬁSWﬁmbé‘%’i}Fﬁﬁl d%ith an
appl i cat i srippe0gP arheatrkadt ddent lifpindheapradicddebedsor dhe dataystioeagruppl i ed
with a digdietd as0anCht BpMall deknanaks 23, m@adtfcomsd aesvedNardl thel € Of

manuf act Lkg Fralfiy oli& E@&%EA’ ecqrixrﬂg&%’éﬁn chom Gel asrkrﬁdé% &5 a’lﬁ]suée?a may be

received Tromthe ne e rece er sim means. The
20 requi rERETOLPS OPERRALs PHMAGREHE dTedidy rﬁ%ﬂfﬁﬂ“@%”l T Mt OF Iy FERSPRI gi t al
- representstorages of conputer executable instructions. The conputer readable
program code operates the devices through their conputer processor or

processors. Z@hgma%béﬁon%lmd 44%@&&&%;&@%& ) pg&&ﬁ@b@ aflata gt or age

cartridge is illustrated dwh ch or exa e %§e§ amagnetlctape
cartri dge°neT‘F1°é"p3‘é‘?ﬁ Fr°c1°§58°f4a%a§s'5°nufﬁ%nfl?ﬁgng S5E° €OPSRT &R Buter edge
61. 30 Fli@But/SAteH]inErEacy 42 Aadem SREMPPESS0f eI SIPHTREGBTIEBF V™), 71
that ar e cgepeisat ethrasdmybé Nt BRI Potthpratesyer .1 eslderseipelovi ot 35 and

Wik ch ar ecReihded 1t nd NedEy BnddBROE0 REP DRI BmBRlieRl a Rokputtr 1N Which the
drive re%%ées%opr%}éh%r S%Bﬁtéxh oaée!sg&%tgxﬁe A A&l g@éoed Lyes of the

pool. of torage drives he virtua ves of each ost 35

appl i cat iGA™ fheh&’FFVe'“Fﬁ’Pe?jé ‘[° 5?"B’§“Ffefya bEPRET BYPERP IFT 8% nage

provi der aspetiiapeid sabtagef 4m Theetehminal 28 swyr ewppigsy rdhatderd fopdaadig f or
exanpl e, scasth beddfags aeandh, Sicheach Hrdpye dikRgE ppaomder may access the
aggoci ated drive inmage table as needed. The drive inage provi der does not

need to refre t bl e t he Kef O nges.
30 The o | ve. PRscaCrad aireRey g L oyels i3hoRho Bk AR Lo Rkl
and related actions of, the drives 15, and the library manager 40 is

coupled with, and coordinates the operation of the robot_cohtroller 41.

_ _ The library maﬁager is coupled through the interfacé 42 to the host

25 apblica;ions 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 eaéh 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



the drive image provider is to report and provide responses for. A 6aWaY 2007 -
exanple, in SCSI terns, the list 75 may conprise a fixed address such as a
1 6 MAY 28003085903/ 023597 PCT/ GB02/ 03743 15 tape dri vePEURBIHEMS fier for
each of the virtual drives. The drive jymge provider provides an image to
a host. application of one or nore virtual data storage drives in fixed
ternms, and those drives are identified by neans of the list 75. The fixed

list is supplemented by an identification 5 of the characteristics of each
virtual dEbraryyerst® ether intermrdigee cempaneets. b P dde sy pPdiFatéons xed
i denti fi cat,i 02S sa¢td ab ipcz¢l EBEdS, FTCONGSHTHISERIBER CHRKNEL) Oftic. ampki a@mpteon f or

each of tHGLY dekUlprJEds’Es 54 SO Ron-SEPIMN E mehbls sENAh@GSEdLIL] K £8BY

i ncl ude an uni que serij.al nunber fo% t he éi rt As a.further
fofprd

al” drive.
exanpl e, e VITAFHCLEH 24t i 6R TEYP Y E‘éﬁ ?gaﬁpé:eédscfr OIS 8P t he
vi Bt ual dF¥EMyveSerger pfieviddi Gigehit Filwenfhannel hdapter: ydlostEppticahirrhe2 i§r ovi ded
Wit h charaelerdishiamSimfer€drel BElwidéh aad \pRpsilse ENEimebHr er desi gnati on and
a nodel nunber. This will allow the drive resource provider to determ ne
the fixed set of responses from.its d(g‘t %base. As. _an alter natié/eeW embodi ment ,
the drive i mad®°t%8 &BP ¢ RE Ht MO TEIGIF ™I BF oV Her fuy Teonpri Se. only
an i dent i¥ouger 75§ ¥ayineachlwptityaPt drrerfacemd? ke ¢ei RPTPRREES provi der may
mabnt ai N ddngecianacb efnitet¢amsedttng or nastelr ofy préasabowdr ive. ndAwothe sdeh ve
r ﬁSO:J_r ge & Qi’éc@@éedjéﬁsgv@at Eifhe Afd RS, qur&]gélecmﬁlisw‘ a pr%@efgayssq:ahudaihves of
the library t rrve. e provi rofor _ I ¢gat | f hose
drives arn<§¥‘ éY%SL?leeﬁ?'?ofr ?’egcfn?% ror x%r?pf’pee,rag}%L%KT,%T'n%Qgtsﬁét%r *I'n the
i || ust r atfd® SRARTAYeOT tTRBte™ ds the JRM-2108 SAN PR Eatssh CHME FiY ARSI cal
drive is tegnire@ibdy fas Thgrmesanitr pdaptedr irpeterAps gateyay\Nre Feprersldat’s that a
physi cal ‘Ghiatont ldr itaBSiggmnedwittul , BBELHoSe Gl 56N ] 3 2he assingped, as wil |

be di scusggdsioPdiePally;cdtgndrive resource provider nay also provide the
characteristics 78 of each assigned physical drive, such as a serial

nunber, type, manufacturer designation and/or nodel nunber. 30 Referring
addi tional |y {T8e mrecesgory 74, (i8 Doy ceuRyiFe SLpFRFPERAEORy sudA®drtPehe |ibrary
resour ce mpreeviider. 39 of FIG 1 maintains a drive table 80 of the physical
deoves 81 and their current. assignment or status 82. Preferably, the

table 80 al so thngldesict NA chNALagtEELS ihtsht8sh, 0tneac vedlimagegr Y SsCal
drl_ves, EE% gﬁ%}g?'the drive resource provider 35 may be embedded in any of a host
applicétion 11, 12, an intérmediate component 50, 56, or the automated
data storage library 17. As onme 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 coﬁponent
56 intefmediate 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; A8 still another example, the drive image provider(s) 30
~ comprise a component 50, 56 intermediate the host appiication(s) 11, 12
and the automated data storage library 17, and the drive résource provider
35 comprises a component 56 intermediate the host bus adapter 50 or host
and the library 17.  As a furﬁher 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 appiication and the automated data
40 storage library, and the drive resource provider 35 comprises a component

of the automated data storage library 17.



35 Referring additionally to FIG 7, the library 17 of FIGS. 2 and :lﬁwylﬂﬂf
be arranged to be directly coupl ed to the host applications and receive,

for exampM® 9%%¥dtsts for the library to nount identifieBCT/EEI¥GBR3e data
storage cartridges 14 from storage shelyes 16 at identified 40 virtual
drives. To accommpdate these requests, thelibrary conprises. at |east one
library inmage table 85. The table identifies the virtual libraries 90, and
the virtual drives 87 dedicated to each virtual library. 1 6 MAY 2007 WO
03/ 023597 PCT/ GB02/03743 16 Additionally, the library may indicate the
priority 88 ofThehbibrary dsikge brdviden(s) atsd amhitbé Nbranyatedopbreapyovddewi r t ual

drive is.3aUtdYrbZadoBI bbéh iH&SRpratRad! @il dhéCautbhited &ftar BRirhe 1S
presented £ o the host applications by neans of the library image provider

43 of FI far"sqﬁach virtual library is assigned a set of the storage
sh@lves 16. The sane virtual library may be shared by nultiple host
appl i cati ons @Bachnytiooppsdeseorm 3€PAr etechasity aprlicdtiibnariy, i@, each host

appl i cat Imce@m tﬁer@e egythtaeu@emeam@ta&ﬁpoﬁénesdemt lsfsl a9algi8cddsol Ul
I|brar|esag hgg é QP L}l ST of storages (Iadv% 16 of FIGS. 2 and
te° ea ’h“Y F%a’i S THETY o &RY i B

3 assigne rary are n co 91, As is
known to qq?ﬁ%‘é‘“ﬁfsl’%k"i‘ Ianlalﬁ’PHfét%ﬁﬂt Progyeny: apd Fay REPKiEs UPga"’H“Saerormt ed
daba st orageatinbriar yccardyndgewizar thel porsedt bypvertdoh i bEaghy preneager mayidh t hat
each vi_rt;ualudéab&ﬁhya da8alB8| g:@e@lecalm@cia‘d Css5eb9 Ofisstwpnagaenshimeyes, such

as stora l 1!”:§ll 2no%6v$lr£ Gg\gﬂ?’ 1:?' &%nglorrt Me Lalxlar ékeérl@gg) arranged

by the i rar sour I’OVI Pref erab ’6%15 he V|rtual

|'i brari est®%a ﬁ%laln el%m? ShosTf‘e B 1 REEPHRECTENA Y ST TPE Bt °bf t he
physi cal mpre\qegpYtsr pfogrie PFeINChS v ceﬂrpreﬁirrsl &“P“Qelaﬁea@blas?rﬁ%ﬁﬂ“cf% in
cebum 97rheCGainpater paairam Prod@geofithey @sesmy lrevent tonhmdydbé regppldepogithof " n”
drives fQhn &pd@ciiich YHogldmdhmd )ét&%dbﬁi lage Providel PR ot AL, Aoese napprmRECh t he
reaut rentity 4f aublied k! dkoflld: ©28X AP\ B a8 AN IRERL AT T Ve uSET L

in only par |cu%ar Situations. Anot er exanple is a streamng drive not

useabl e “FBYfaé:ﬁ’é’fel Bt Be reEoT'Ee. F8 98 ’E’ﬁé"hFllpﬁEtBryﬁf"é?f thortés ™9 P71, 80
and .85 ofreF¢i38d HAm BB ngwarkl oF maygsbeexarnived bypthhet crimithri peanspRIhe| g
assi gned refuide@entr |fme theagerdgebhaiia 76 asmoriied lal tiaei srey"” fQre dgdtals | n
virtual |depfededitatdons -Elﬁeccﬁiibhﬁé& MWdclitable instructions. The computer

readable program code operates the devices through thelr computer

processor or processors.

25 : In FIGS. 4A and 4B, an example of a portable data étorage 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, 7
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 periodicélly from the drive resource provider and updated, for
example, each half second, or each drive image provider may access the
associated drive image table as needed. The drive image provider does not
need to refresh thé table each time, but rather may look 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
ekample, in scsI terms, the list 75 may comprise a fixed address such as a



be deal | ocated when rel eased by the host application or when the host] § MAY 2007
application i ssues a command to denount a portabl e data storage cartridge
30 nount e /287 dr i ve. Physical drive "DR1" is assi gneBCT/@B#3i43 i mage
table 71 for virtual library "1", and (s dedicated as virtual drive "EE
The "(L)" is an indication that the physSical drive is |ocked to the host
application as the virtual drive until specifically released by the host
‘application, and the drive will not be deall ocated when the host 35

appl i cat i bape dxivesLW tdentificrt fordesnhuof the portveddl ériveea Fhodaiyee dwmader i dge
nmount ed | prdvii@exproAded @ inhattdove® Hikt QipbliRSidS obfonkher Wb¥d wpdtuvhl brari es
means thaj,eal Brorhf® &i&&“i@%i‘ﬂé‘@c%re dnt;hos;@i ad3ta a§£ Qrdégﬁf%& wgs of the
pool equals 40 zer |n di hstg (g dri yes ofd 04) h%'e peen
Do gnad mseng g Ebe Jet o, , e Kea dhe ar e Yeregfee byl e BEReRE " 2
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adsi gnnermroviddr sparerprase oal Roridesthifasr Sitofer Byclewinhval 89ive.henddrive
resour ce fheOxtider inla§€ pratiRe alagSmaineadf thd@nsPateridtictess tortden request.
Al t er nat |M§Llya1 gg@,edrl ve resource provider waits a predetermined time
peri od, ring the predetermned tine period a request for 15
deal | ocation of a data storage drive and demount of any portable data
storage cart rifdgereatirivgerareurjeorEavdter dedi st o dgeredr f1P8 Benpr<dt es,

akp ocat ephybicadedutilvee aifetheddtbrasy drage driveeinage tdrevideguist the ebste
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al | ocat esscsPe 3RA! €16ahd 5506396 bk O cthi e ok €IS ents 2 indication
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 ags 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 curreht_éss;gnment or status B82.
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 appiicationa 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.
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Subsequent to the allocation of the spare data storage drive, the Idf ME&2007
resource provider posts a nessage indicating use of the spare data storage
drive. Th¥YBOEE" nessage may conprise a notification toP‘g TEHRYBI3 manager
that action nmay be taken to transfer a;gpare data storage drive to 25 the

pool. As an exanple, transferring a spare drive to the pool will result in
an increased cost for the library. If the transfer is nmade, the drive
resource provider adds the spare data storage drive to the pool, deleting
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for small data records. -

25 In the illustrated tables 70, 71, 80 and 85 of FIGS. 5A, 5B, 6 and
7, as examples, physical drive “DR3” is assigned in the drive image table
70 as virtual drive “AA”, and is in virtual library ®“0~. The drive will
be deallocated when released by the host application or when the host
application issues a command to demount a portable data storage cartridge

30 mounted in the drive. Physical drive “DR1* ig 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 reléased.by the host
application, and the drive will not be deallocated when the host

3s 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 "17. With



scenario), step 102 coul d al SO provide a reassi gnrrent of the formerly § MAY 2007
spare drive or drives to an "unassigned” status. No reconfiguration of th
library i WQRe¥0¥#97y required in this circunstance. 20 St BOT/GBHR/IMB be

enpl oyed for the situation where the u of virtual Ilibraries is optional,
and determ nes whether virtual libraries inplenented. If virtual libraries
are inplenented, "YES", step 106 determ nes the next virtual library to be

configured. If virtual 25 libraries are not inplenented, "NO', the physical
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i's used FB‘PSﬁqH‘é“"aF? SERLTAGHOS RV HimeoPeFHAd g S0 fdrEyesrepourceprovider

char act epiiesaten thefsprraidhtn sTeragB3ining tal te beausbtai ned at this point.. In
step 115, the relative priorities of the virtual libraries are 10

determined, feibRyadiRl €0 thY d1N6ca2YSt @M HREEFUrOr datdSstd3Pagd L RAtinee,

. ' drive resource provider posts a message indicating use of the spare data
storage drive. The posted message may comprise a notification to a system
manager that action may be taken to transfer a spare data atoragé drive to

- 25 . the pool. As an example, 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 compriée 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 reﬁuest to transfer at least
one spare data storage drive to the pooi, 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, virtﬁal 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



relative priorities may be determned for the virtual drives. The 16 MAY 2007
resultant- relative priorities are posted in colum 88 of FIG 7. Then, in
step 121, WOHB/¢5PYe resource provider arranges the driveP§HEBR/ B e( s)
70, 71 for each drive inmage provider. Jhe master drive inage tables are 15
mai ntained in the drive resource provider, mapping the allocated and

dedi cated drives of the pool of data storage drives to the virtual drives
of each host application. As discussed above, the drive imge tables may
be accesgsdomita vigtpalsdeiveois wydbkabde by Thire the VW imgerfe thatotherer w11l '
peri odi cael ¥ Wai@Minthe adadvse st Ragelrazvd bavdnderava@lardacin dheé wernarage 20

provi der AsEesS i ssoci ated drive inmage table as needed. In step
125, the c]igi%%alrary re‘s:ource 3r90vi der determ nes whether all of the virtual
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not all fath h2ovadet ailvel i 13r af iths Haveryberrofcenssi qumed,3, ¢hefprocess cycl es

back to 6P gh@6nd Pnd&ILNLaGON-Qiuat i on of the next wvirtual library. FIG
9 illustrates the process of the drive inage provider 30 of 30 FIG 1 when

a host application provides a command for a virtual drive at step 135.
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t he host tapplibeatyi o5 .actdaliheregoimednih cbirstciiteumetargedet ri ggeri ng event, the
dso ve image provider, in step 149, notifies the drive resource provider of

the event andgigdenbi flhpSet BE1%LEd Y8l bl MR uaNdn Prk d8BLIdeYor S Ja0St

' appll Calllgggaries is optional, and determines whether virtual libraries

. " implemented. If virtual libraries are implemented, “YES?, step 106
determines the next virtual library to be configured. If wvirtual

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. 1In stép 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 8D.



5 1n step 140, the drive imge provider |ooks up the virtual drive' %ﬂ 5@5
drive image table 70, 71 of FIGS. 5A, 5B for the virtual library. % 6
det er m neYQPER2BY7 t he command of step 135 requires a 10PEHEBIZHEI43drive to
conplete the response to the event. Fopgexanple, SEARCH, READ, and WRI TE
commands all require a physical drive. An I NQU RY comand does not require
~a physical drive, and a response nay be provided by the drive image

provi der without a drive, and the response is provided in step 137. The
drive i mage prBvEH 12®spbndunber ofi¢intiidedrives wnd gl f£98ddrj ve, and
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PCT/ GB02/ 03743 step 125,

. the library resource provider determines whether all of
the virtual libraries have been configured. If so, or if wvirtual
libraries have not been 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



21 If the host application has issued a MOUNT comand to the |1 b¥ BuMaY 2007 t
then is Iikelézto i ssue a SEARCH, etc., command to the virtual drive. The

comand n¥P 882358t ei ved prior to the update of the driveP(HeEBEBHUB e by
the drive resource provider. Hence, E drive image provider, prior to 5
y

drive resource provider dedicating a physical data storage drive fromthe
pool, in step 142, determnes fromthe drive inage table that no physical
drive has been dedicated to the requesting host application, and the drive
i mage pr ostiedkestr epgiépatsiono TRetheccprmgnd wgnmsvte&pﬁlqe&a&qgeﬁlw e¥enh f ake
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storage cdttPedg@P At *aPi ve i mage provider reports two types of "not
ready" fake conpletion responses. In one exanple, if the virtual drive is
indicated in thesthp v@,i megeriablimagespmaidemyosks’yp the vdrtupd dniggeinls

provi der Jep@ritg MA@L dalB€e Vol t4abs GHrby € shS sBCESE Bk LEARMY . 1ibRargn
alternative exanple, the drive inage provider reports "cartridge not

present" at the virtual drive. In either case, the "not readg response i's
not an indi catSten Kadetaryinee freEherd thb crRa8d RfnfEet 13° BETHEPS 3t is a
faom of qowshrad deijvectd oomtlasedthe rregpensef td lthe tewent- ea%?(;nsxamwe:Upon step 136

i ndi cat i ngakbiat RED, p’éhes WERlE Edrin¥ad S11 @QGiireda phycitaBsiriae. | NQUNGMRY
RESERVE, o RE- 5& th 3 $hfiysicad o%sé?U%ﬁ@@ @&%xx?se In_klﬁbedgﬂovedédrmge
as e a
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char actertiysfli‘ecélrb‘fe EFRISVPTT O G TVES 13 n“t edrrve’l Bb‘frov‘ﬂfd 71 25
of FIGS. mAster5B37. R¥feefriveginage ppresiderprespruds] 68, thgt%i&riﬁﬁdr‘é%‘r‘%l to the
0GEUrr ENGié, afd templ@r tig cRar@nteristizds a6 thechilpd fodm Zhi(Ighfe emmﬁand 161,
a RESERVE ,,e0Hg0Ng l@%xc@r 58, rs%qU&Stani@%lézﬁr aeelkdn CREADYICAhaagRIAB " are you

there’ have(nﬁg-%ﬁSt ’llV\foe gaoxﬁdwii tbérO%thog‘t ra%gaec%q:ugn lk 5o}tqglg[glhtya? stJﬁ:@er equest

will recei v drive resource

rovi der an
provi der G5ET¥ITE S ROEYED 1334‘21?"309‘3‘?—*"6.“"99}‘%‘" } AR SONE cHARENRd recei ved
di rect | y doymardewiilhhayey beqyy pxdvited|to| thgr aﬁfl}farlft is provided to the drive
resource provider as a direct triggering event. 35 In step 170, the drive
resource provicddgtande! @afl a8 ddeny iatistakiolbhd @ed it idh 6h o bl@stxbalggerl ng

event is dﬂ%@r{geg J?.).‘t&aliedzrlggl'@x%t &::ﬂ.g.eg]%t.tggerlng events, and comprise
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
iﬁage table whether a physical drive is dedicated to the virtual drive of
the command. If a physical drive is .dedicated to the virtual drive,
“yEg~”, the drive image provider, in step 143, directs communication
between the requésting 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.
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Upon step 136 indicating that no physical drive is required, such as
an INQUIRY, RESERVE, or RELEASE command, etc., as discussed above, the |
drive image provider responds as the addressed virtual drive, employing

_ the characteristics of the virtual drive from the drive image table 70, 71
25 of FIGS. 5A, 5B. .

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. 1In
step 172, the drive resource provider determines the drive image table 70,
40 71 of FIGS. 5A and 5B for the virtual drive.
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i mage pr rcdettarhdiréugi ng that the drive resource provider is waiting for
az2breed drive. various optional alternatives nay be enployed to allocate a
physi cal drive, a gl hsalt ddRe |idSkvai@atle) gsdcar tratpresant-by takldadated drive

to be 25 dggllRcpiRiaeTNED @ea) 85 N1 yRTeANRe dnsbitasaskibenei aaf ter, and may
be “virtual drive, dedicatlng 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
§B. 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 stép 185. In 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.



i npl enented in any order. If step 180 indicates that no drive is avagipblgy
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virtual |d Beedd @sivelhus, if step 210 determ nes that the requesting
virtual library or virtual drive is of high priority, step 230
Various optional alternatives may be employed to allocate a physical
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 toc step 210. Step 210 relates to the situation in

30 which virtual libraries or virtual drives are assigned relative
prioiities, 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



20 determ nes whether use of a. spare drive is authorized. \Wether ofgmay 7007
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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 ailow time for a data
storage drive to be deallocated and freed, as detected by step 243. 1If a
drive is freed as indicated by step 243, connector 205 leads to step 185
-of FIG. 10A 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, “Noﬁ, 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
3s 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. In step 254,'the drive resource provider compares the

incremented count to a predetermined limit, and, upon the incremented
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drive is freed, as determ ned by step 282, the 35 process continues to
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~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
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 dealloéated 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



10 a function conprising a usage of a drive is identified in step 135_LU,AY§MH,
in step 311, resets a tinmer for that drive. Then, step 312 continues to
track theWMa®¥238hd i ndicates if the tinme period has expP¢HEBOVRIAE,
detriggering events conprise a DEMOUNT,trequest 315 to denmount 15 the
cartridge fromthe virtual drive and nove the cartridge to another point,
such as a storage shelf; a RELEASE command 316 to release a reserved
virtual data storage drive; and a drive release indication 317. As
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event is %térf&éﬂlewm’tq‘?é FEq Ut P?f‘d°ﬁostm °oFfi TPCGHIRE] 157¢| LTBEE P Fed
" from t he xdmmeidn dogptifsinB@ Stagp S8 ddverim pdantifiedhiy shepdiQalehed. dat a
storage c@af bfdgdge1, SesdtBUNeRer Bot RBadlaryea. TiHes, Nyp A 2dedntimiezeey for

exarrp_l e, c{rrag)mttl'xgetlmel:‘ l%.ngr%dgé %§S§£0Ehé1§19£ pEL:L%d ﬂas QXBEWJW command wi ||

have resulted In denount of the portable cartridge by the accessor
robot, such that step 35 325 indicates that no cartridge is nmounted in the
drive. The ot Ifsher dettiggefdnp rRyeBYR FPRPLES BEMQYNE (hedwitth3 S SO rdeapry

castri dgecnaDemtrettident:om chiel vErtanl driye ROd rooaTHhe S@rar igrDUN hnothker 3

cartri dgg,dige, mauai %g a @tm@e Arewea REIBASH iU @SN €6 rRIQNLAEr i ndicates.
to the librar % hg tri I s to be denounted in,step - 40 1 6
MAY 1007 eﬁ\ﬁf‘éﬁ‘ BY7 OpET E%‘??g%ﬂ% 7% A nTstep q?% e grlve r'esour ce
provi der AgefisnpFenss 2bavs- oy P%’@Ui"ﬁdﬁ’é"“a’tdab? éwwal#u 5Pvided; tspho LB or { he
virtual candvis nor af oommbhd rpheiveddly tiy dvieve finagecpvadd- 34 tepli3syot he
pbysi cal el ve. fhel DfbrdE},Vapse socHiGend) Y iDERGUNThEdmand) 8éemBak, the
deal | OCEHﬁ%?sIin &ggaV§iorage drive dedicated to the virtual drive, initiates the
demount, and informs the data resource provider of the command. A RELEASE
command or a command requesting release of a virtual drive is received by
the drive image provider in step 135 of FIG. 9. The drive image provider
25 determines in step 143 that it is a detriggering event; aﬁd notifies the
drive resource provider in step 149. 1In step 320 of FIG. 11, the drive
resource provider determines the virtual drive for which the detriggering
event is intended by the requestihg-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 qther

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 virtual drive for the host application. The drive resourckb MAY 2007
provider, in step 343, then indicates that the drive is freed,

decrenent i@ 03235470 "n'-1. Optionally, if spare drives aPETHEBOR/O37¢x, step
340 determ nes whether the deallocated drive was shared drive. If so, 10
step 341 returns the drive to its original status, decrenenting "n" to
"n"-1. If the drive was a spare, the system operator nmay subsequently
respond to the nessage of step 260 of FIG 10B and add one or nore spare
drives to the poaittep [3B0] tdeddrive reasuncet pravijsar éeternires theedidive vignage esour ce

pr gwt dgr pa?%eeds 7?|er9£& Ysi QrSERoB43e \.{ﬂ'tglearﬁéis:oxt h?r 8D Bgsikalar e
upaat e | e ur |IS,0rI1.dl Na status as a spare
Gridote abhed 000es dbelon Ehy hykichs sy

drive in drive |ng the drive as freed in the
drive table of FIG 6. FIGS. 12A-12C represent |ocking and unl ocking a data
st orage drive TRQdtivearesoutemprévidenrtyen Stiepstép(830{ dehGocilds rhpresents a
triggeringr&yvend virltﬁglocirlgé GorlGA h&t“@ﬂapﬁ@céh@ﬁl Vend Sirf QO¥estuele W th a

| ock. St e?ﬂ Oéle 1n sq.gl Vﬁlaeq:thendn &Qe;q:%agfthelglveolé Epe 8ded| cating the

drive to i'ses adding the "Il ock"

to the dr F‘?Féef‘%ftfllé? "HS 69 ['"Fudt r FPEHPBY I ¥r F?/eSP“BR:E’“‘EﬁG Lig 9'%1’11"&54 eS8 of
FIG 6. .29 Seepndids ghethip( thd XRajl bppabed @ Sveq wake shagygledrivg. evémo,300 of

Fhe 11 jstfpr\@iﬁIQre@hrdEiMﬁ asiveeleasedriyinhhachosd, @mlexh&@u@nnwttoh a
rel ease of, "t 'ﬂe oGl dg‘le eP.ll By, o&ﬁyrﬂgmg@g@w mﬁg &11%%%1&0 step

300, and rlses a term natrion es a rel ease
.of the 30“?'5(5’ d tpfthegmessage |of i tPs2§%PEdIEd 18§ FHe2 W PV °F S50 L8 Dr ovi der

in step ﬂlllzf,eSaHO threrdel-vell &bt alr8G ofs MG a Gpamst épive2(theefrizsent s a
det ri gger temguese provd@6r @iroddeds diteadlyCtv @645 3450t 1€ @lPp 338, ahé alaBdse of a

| ggk, sucneaa &t%%&?&%ﬂ&g LB ARl to %sd&&s{,{mn&%tw%h@r the drive
|slocked ?I’I’I the. dri ve&ble 80 of (gim. I f the

n r
drive is not Iocﬁléd'g‘ ‘fﬁq rocg%ls(e’ofst' 3 elﬁglc?ﬁbn% S ST & e S conduct ed.
If the de¥ive jale REKEE- &nd not unl ocked in step 412 of FIG 128, the
requested event is conducted in step 425, and the tables are naintained
unchanged in simep. 428,1220rdgtatedtheodOngahy Qnl biahh BefBEfsaboces t 0 t he

-O?%t appl i £atyQRuarl 1§er%§ 1QQZp 4¥\P Q3£1Q,23§z%7r 5Lk gﬁgzé Q3 (g 28 JOf Steps

t he above rocesse tered 1 n sequence
FIG. 10A in w 1ch a drive i8 requested with a lock. Step 401 is

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 1s released by the hoét application with a release of the
lock. Step 411 may occur immediately subsequent to step 300, and
comprises a determination whether the command iﬁcludes a release of the

30 lock. 1If so, the lock is released by the drive resource provxder, 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

3s 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.



conbi ned and changed in detail as appropriate. Wile the preferred? b MAY 2007

enbodi nents of the present invention have been 5 illustrated in detail, it
shoul d beWQPB4235%t that nodifications and adaptations t¥¥EBRO3Udbodi nent s
may occur to one skilled in the art i L hout departing fromthe scope of

the present invention as set forth in e followng clainms. 10 16 MAY 1007
WO 03/ 023597 PCT/ (B02/03743 29 CLAIMS 1. An allocation systemfor
allocating data storage drives of an autonmated data storage library in
response to atTheexsps efcthecabnyet pfogesgesbmayabe adteredgin demaece&id |ibrary
storing aoRbiedl iddy citingb@rihaddtairlalsaappibpriage. cartridges in storage shel ves
and transporting said portable data storage cartridges between said
storage shelves, and said data storage driyes for nmountin nd unting
sai d portabl e "85 th¢ SF‘éﬁeérE%re’(“;‘?c{}ﬁ'g%ts 8% %‘ it a s or é%leﬁ%i‘ﬁ ggésn)

coRpri si AdlustFatediin \detads ol EB8opohe dePareas sirghitRGL L P8 #1Y of sai d
library adaptatsdm ageahdsé easodidestspony ocandtaldnecstiilhefl andhdemrt| ocat i ng

sai d dat Qi RS @&ﬁ;gﬁjgv%mf FMsSGiedo P @Rk ; predént Ejﬁ\ie)ﬁeidrﬁﬁﬂweeefditm\/iind_er,
upon rect%\égoqgo%@ d.equest for a data storage drive when all of said data
15 storage drives 3f“Sard pool are allocated, indicating to said library to
hol d any nount of a portable data storage cartridge relative to said
request. 2. The allocation systemof Claim1, additionally conprising a
drive 20 image provider coupled to said drive resource provider, which,.
upon receiving said request for a data storage drive when all of said data
storage drives of said pool. are allocated, indicates that said requested
data storage drive is currently unavailable to conplete any subsequent
command requiring a nmounted portable data storage cartridge. 25 3. The
allocation systemof Claim1l, or 2, wherein said drive resource provider
additionally, subsequent to said indication, awaits a deallocation of a
data storage drive and denount of any portable data storage cartridge at
sai d deal |l ocated data storage drive, allocates said



30 deal |l ocated data storage drive to said request, and indicates t o IsfaMay 2007
library to rel ease said hold of said nount relative to said request. 4. The
al l ocati orWQY¥28M7f Caim 1, 2 or 3 wherein said drive PETERYBIT4DHr ovi der
additionally assigns at |east one of sgid. 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 |east one spare
data storage drives to said request, and indicating to said |library to

rel ease said hold of said mount rel at$¥&"% o sai d request. 40 5. The

al l ocation systemof Claim4, wherein said drive resource provider,

subsequenty 10 £2iqd, a&q!ug,@tsy% 8 L1 RaPIBO8I! el el PPLROT, and

awaits a deallocation of a data stora drive an enount ? MAY 2007

WO 03/ 023887°BET ERERAETAIS BE™2Tny" FFE%‘SF Loyt 4 e8to PRYF TN Er FHg® at said
dedd | ocat datalaterageoiviye sdid débragmdstor ingdarplngakial deippentebts #F?ﬁsd tinme
peri od saistoxhgal daweaidges inOLithge s&é]lv@éaa‘xﬂst&aisﬁbrdeﬁj lsetbpectatibé Aasé or age

drive to gabh E%Q@].Sitdges %Ie§@eenség1%e%§£@e LRe BRI dndl 404 @;tass;uodagé nme period,
al I ocat es Sa' 3 ?cpartnoun 1 ata, $L.oL39%, Lgi’de?%&a%?é %aEae%‘éQ (f Ndyid4RYN said

aIIocatlon of orage drive t0. sa request, es to said
library t8trefiggsas Hagehﬁ’f’d’eﬁf ceWRTISiRfAint rel ati ve to sai d request. 6.
Theo al | ocation systemof Claim4 or 5, where said library conprises 10 a
plurality of vardrieé resdiraei@svidespciasistang a phuthlaty beastiddneramyquest for

a data st awaggt&traggeanm do Y pb&M Q:ld Qpﬂchaﬁgd&t@déélqeaagﬁnglrdawsiaes sai d
-automat ed dat g, § 5956‘9@?r+ | bLay ¥oc§ dxlg.lvgrQsosyceogﬁq\{/k%éxu%polnl braries, at
al vVi'rt ua

| east one 0 ura rari r|or|tythan

ot her of Z&fdViAs Fﬁ’aﬁ rF‘?“SFgrf]% 3 3k SHpET8 I §‘é|w(5‘eﬁﬁlg ot i% Bur ce
pridvi der atktiape siravesy ofl add moraé@rsaldo?ﬁrtieér iingieatingitd qﬂlrltuéraw beary of
sai d requesid by mauwttabA aSportagbe data/eroxmgd, captidgefredatide ta whdml |ibrary
~is of saidefiegher priority, allocates said spare data storage drive to
said request, and indicates to said |ibrary to release said hold of said

mount relative to said request. 20 7. The allocation systemof Caim4, 5

or 6 wher®in sHied2HACHEIPBEEPROT Thadhi e APl on SPMRFiFiRgG andie a count
ed@dh i nst &mge previldereqempded ite saidcdgive dresherreapioviders aytd clatigont or age '
drives of resiidinfgosdidaeequabt Goatedata edage efrigdivlien RAI efesdidddaaunt to a

pr edet er nEtﬂ'?rd.gJ: idm.\;es QFQai&IEBQ]. %@L CLllocated, indicates that said requested
.. ..data storage drive is currently unavailable to complete any subsequent
command requiring a mounted portable data storage cartridge.
25 ' '
3. The allocation system of Claim 1, or 2, wherein said drive resource
provider additionally; subsequent to said indication, awaitse 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 étoiage 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 reasource
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



25 incremented count being less than said predeternmined limt, all ot StNAY 007
said spare data storage drive. 8. The allocation systemof Caim4, 5 or 6
wher ei n s¥WOP3@WRINE resource provider additionally, subsBGUERIZE3sai d

al l ocation of said spare data 30 storagg drive, posts a nessage indicating
use of said spare data storage drive. 9. The allocation systemof CaimS8,
wherein said drive resource provider posted nessage conprises a
notification to a systemoperator that 35 action may be taken to transfer
at | east anepextialilsdate sfoxayestagtpifigedtt vaid depldgraredotita %P aqte

al | ocati ofirisystaE) aff &hAng £Aid\Hredaiermieddtitel nripdsaid ceal jpcetdcder

addi ti onally, £ espPPRdSed Qada LSkt da0adtadBEd Rbe drileablsalfereghady 40 data
storage drjve %,g sal.d poo':aai%agqsonatf lsgféttél‘r?‘él”?e?i%dﬁj aﬁEQ&ae:ngéansép%ége drive

to sai d ptt® BEPETIRG CaPd §ara st orage € as’aspare data  storage
drisve. 169aVAYStZEEde SWEYDSP GRS FPIPRSEs 302/ WPOP4 18131 P T PR AR | BEAL i on
syst em of sédragendiOve whesaed rregaest, ditidieateesoupeid 1ppeyY dex reksasedapssage
addi ti onajdi¥ £ORBIA $8SntA rBNLifd €8td08 fdyatsd.ailure to transfer said data
Ztorage drii vedto said pool will result in future wunavailability of spare
ata storage drives, and wherein_said drive 5 resour.ce provi . n
absence of- a r’%’(‘iu‘élslf’c‘?%mf‘r?ﬁ%?'%lpfa‘ﬁaluéé‘sf’rg"'ne"hesrﬁa?ael%dlaltgggﬁ grg'gpgrég%?i ve to
saiod poola pderaties ofavirtuskilipnrsihes GesRAnsivase sadfcitoleashi PpFEFartty of
library dpdraasdagsageradd deseassaipasyeteatalshoimydataptemge dniees chat said
assi gned snar £, Al @aSiRag6rdid 1esrReCTRa1N3SEaged of Vi@edA. The
al | ocatiop, system of ANy Qe Plea f’ylﬂ?al:!it% Qeldi r WRENGLILS8) G nilfe¥e
resource pProvi der adél I ona FY I ndicate hiat a_f al&e conpl et i;on,. response
is to be HrHE¥Hdeihahoriespdnsadid §1EHR ]r%ﬁ?ﬁ €81 A v SRR PRocat T on_ et hod
f as al | ocesontrednteriden edditignallesiespraines F316 AT et o satbray@ i brary in
response iibraty loeastidoneuesqiest dom stordat dritor ayb orliweéf sgddd library
storing a,pleusahibyar9fiDOF tsabk igRdaprsdr@tRgel thtéd @8BS sharestaraage shel ves
and 1ransporlide A o RALaaRLSIal e BIACRAS €8ThEL daBSCidigenesal d
storage s Slves and saj ata stor age 2Q drives for mounting and denpunting

 sai d port%ﬂﬂdeh(ﬂ'gt%f §f1bc} g‘@'éntcé?]tathf'ﬁeg g salid reques
20

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
3s 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.



at said data storage drives, conprising the steps of: assigning a Z)IELNAXI'ZWy
of said library data storage drives to a pool, and allocating and

deal | ocat W03493387 dat a storage drives fromsaid pool; 2BCTIEBR/B&S3ei vi ng
said request for a data storage drive g\?en all of said data storage drives
of said pool are allocated, indicating to said Ilibrary to hold any nount
of a portable data storage cartridge relative to said request. 30 14. A
conput er program product of a conputer readable nmediumusable with a

- programmabl e cBepatlecativai systemplit @aiprifgreherpirodatd dhivel repogvemput er
readabl e pragaanpesada wiEhacl aguitheiAip dorpridkl oCabl1tgcataba thhorageukd i ves

of an aut t t [ e request 35
for a datg st%?safgg %rl ?V%EQ%ZLF%A# ﬁltly’e & bERPBOGS vl %S‘Jﬁaﬁ; f%e d

orin ural it ortabl e
dat a st or W3R gRS SP?\”SF%%@E“%%I‘V& %‘d[ F’g §b’6rstaﬁ%gdr§‘é$d portabl e
datSa st or pgpeuces Prévides bBeenneksensaiod %trGﬁ'éfgfé shérgnefenmy LefcH W&t a st or age
drives f osparaudithngtoasgd deiveutd isatd pacl] pevdtablseidlaisaigimentagé axaléadstdges

2}) sai g g@:&@o§§s‘35§-gﬁup§1ﬁ¥§%ﬁ 51?r?rﬁhaé£@§$ra@@&iz}i0§§ aapéyaksaiatmlts%gal ed to
sai a Star lLve n S e | Drary,
&r Es, N)%g%ﬁ%ofaléfg rrputsgr re d F&I gg ﬂ@L@s %LQ %g y

conpri si ng: r ead: rogram code whi ch causes a
conput er PPSEEEE8r to assign a plurality of said library data storage
dri%ves to a pool, and to allocate and deall ocate said data storage drives
from sai dup.oolfnheSanemmibersy@eadablaelypdsxfegéamlsndewdfmi th ehbersés sridonput er

- processorgf;Qe éé@%kcerﬁ%ei&’érngdé@h&aﬁﬁﬂliﬁéicafteé tBadal 8a)1&t Bénpd6e hi ve when
call of sald data stora e dr.i,v S o g are aIIocated indicate to

sa
'said |ibraf §’°'f oI5 anffr%ﬁlﬁ respomret téfgl & Hara st orage cartridge
relative to said request. 10 15 An aut omated data storage library, coupled
tasat | east. orre AUSKawippl methdd Gy altonpingidatp stoplgarddivey offardat a st or age
drives; 1§1t@m:ﬂ:'e€lr&ﬂt'atéﬁ:ogggesﬁmﬁg? i9hedepBSsd 06 3t DddsBGord Pdedd ifby Of

portab' e gaba ol 4aGE;ves am'dﬂ%@§ @&asgeasgﬂrcfa&mpsff%&hgﬂlamgrtI ng said

ortabl e g ca st gr age and sald
51
dat a stor%ﬁféa?ﬁ'Fﬁiﬁf %ﬁﬁ in sto ge she ves and transporting sal port e

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 pluraiity 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 portablé data storage cartridge relative to
said request.
30
14. A computer program product of a computer readable medium usable with
a programmable computer, said computer program product having computer
readable program code embodied therein for allocating data storage drives
of an automated data storage library in response to at least one request
35 for a data storage drive, said library storing a plurality of portable
data storage cartridges in storage shelves and transporting said portable
data storage cartridges between said storage shelves and said data storage
drives for mounting and demounting said portable data storage cartridges
at said data storage drives, said at least one host application coupled to
40 said data storage drives and to said automated data storage library,

comprising:



a robot control for operating said accessor robot; and a drive resggﬁﬁz
provi der coupled to said robot control, assigning a plurality of &l W
library data storage drives to a pool, and allocating and deallocating said
data storage 25 drives fromsaid pool; 8aid 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

hol d any nount of a portag? data storage .cartridge relative to said
request. 30 [ R \qumrgg gledgegraw(tfpde which causes a computer processor to assign a

plurality of said library data storage drives to a pool, and to allocate and deallocate said

data storage drives from said pool;

5 computer readable program code which causes a computer processor to, upon
receiving said 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 mount of a portable data storage

cartridge relative to said request.

10 15, An automated data storage library, coupled to at least one host application,

comprising:
a plurality of data storage drives;

15 a plurality of storage shelves for storing a plurality of portable data storage

cartridges;

an accessor robot for transporting said portable data storage cartridges between
said storage shelves and said data storage drives;
20

a robot control for operating said accessor robot; and

a drive resource provider coupled to said robot control, assigning a plurality of

said library data storage drives to a pool, and allocating and deallocating said data storage

25 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 relative to said

request.

30
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