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written as sequential set of strings of data.

a sets are

The data is typically written in a non-streaming manner, in that, as
the host processes information and fills buffers with the data to be
written, the tape is stopped and then started. It is not practical to
employ another write or read process during the time between writes, since
the tape would have to be wound or unwound to access another location, and
the waits in the original writing process are far shorter than the access

time to the other location.

Optical disk data storage media, typically employing an optical disk
in a cartridge, also stores large quantities of data efficiently. While
running in a drive, the disk is continually rotating, but track-to-track
access is relatively slow, so that the data is written in discontinuous
sectors on the same or adjacent tracks in a non-streaming manner, as
discussed above, until a track is full. Thus, again, it is not practical
to employ another write or read process during the time between writes,
since the optical head would have to access-other tracks, and the waits in
the original writing process are far shorter than the access time to the

other track.

In one arrangement, each data set may have a particular sequential

amount of tape or optical disk storage capacity allocated to it. Thus, as
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Once the cartridge is retrieved and loaded into a data storage
drive, read or write access to specific data sets is sequential and
relatively slow. A tape is typically rewound to a predetermined point
when it is stored, called “beginning of tape”, or “BOT”. To access a
desired data set, the tape is then wound to the location of the desired
data set, the déta is read until the next data set is encountered, and the
tape is then wound to the location of the append point for the data set.
The data transfer is interrupted while the tape is being wound, since no
data can be read from the desired data set while the tape is being wound
to the append peint. Similarly, optical disk systems require that the
laser be initialized to the media at a specific section of the disk before
any access is conducted. Further, the random access from track-to-track
is relatively slow, so that any data transfer ié interrupted during the
track-to-track access to an append point. Thus, many tape and optical
disk systems provide extensive data buffering systems to present the data
80 as to appear as though it had been in a single, continuous sequence.

The same issue occurs during write access, and the data is typically
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Further, only one host can be serviced at a time with a given tape

or optical disk. It is not workable to go back and forth between
different locations on tape or optical disk and try to thereby service
more than one request. Therefore, concurrent requests for data sets on

the same tape or optical disk are queued and served serially.

DISCLOSURE OF THE INVENTION

A methed, a data storage drive, and an automated data storage
library are provided in accordance with the present invention, for
accessing data on a removable random access data storage medium, such as a

cartridge containing a magnetic disk.

The data stored on the removable random access data storage medium

- comprises a plurality of data segments, at least some of the data segments
comprising at least one common data stream, called a partitionm, simulating
tape or optical disk sequential data. The removable random access data
storage medium is accessible at and removable from the data storage drive.
The data storage drive is arranged as a plurality of logical accessors,
and each logical accessor is arranged to communicate with at least one
host for read and/or write access to the removable random access data

storage medium.
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arbitrary manfn.er, _such_as round robin, a perfornmance vve|g
manner . BRFEF SDESCRIPTION CE°FER DRAW NGS The i nvention will now be
descri bed, by way of exanple only, with reference to the acconpanying
drawi ngs, in Whit€hiriting is conducted at any point in a data set, the remainder

of the data subsequent te the point at which the writing occurs is no

longer valid as per conventional seguential device behavior.. Therefore,
in one embodiment of the present invention, a write accessed context may
comprise the data segments comprising the total amount of data from the

present write to the end of the data set,

In another aspect of the present invention, the read random accessed

data segments are organized for sequentiél access by the host.

Thus, the present invention takes advantage of the wait periods
during the discontinuous read and write processes to utilize the high
speed random access of the random access medium to provide concurrent
access to different data sets. The present invention alsc allows time
sharing of such access in an arbitrary mamner, such as round robin, or in

a performance weighted manner.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, with

reference to the accompanying drawings, in which:



WO 03/ 060686 PCT/ GB02/05420 5 FIGS. 1A and 1B are diagranmatic
representations of a prior art tape cartridge and a nmagnetic tape of the
t ape cartwodgesoeBd GS. 2A and 2B are di agrammati c representPariGBig/osf20a pri or
art disk cartridge and a hard magnetic disk of the disk cartridge; FIG 3
is a block diagramrepresentation of a disk drive arranged in accordance
with the present invention; FIG 4 is a block diagramrepresentation of an
automated data storage library arranged in accordance with the present
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FIGS. 7, 8 and 9 are flow charts depicting embodiments of the method

of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

Referring to FIGS. 1A and 1B, tape data storage media, typically
employing magnetic tape 20 in a cartridge 21, is well known for storing
large quantities of data efficiently. As discussed above, optical disk
data storage similarly stores large quantities of data. Typically,
multiple data sets are stored together, or “stacked”, in a single
cartridge to take advantage of the high data storage capacity of the
cartridge. As discussed above, access to the tape or oﬁtical disk
cartridge is slow, and, once the tape cartridge 21 is retrieved and loaded
into a data storage drive, read or write access to specific data sets on
the tape 20 is sequential and relatively slow. A tape 20 comprisee
lengthwise linear tracks 22, and is typically rewound to a predetermined
point when it is stored, called “beginning of tape”, or “BOT”. To access
a desired data set, the tape i1s then wound to the location of the desired
data set, the data is read until the next data set is encountered, and the
tape is then wound to the location of the append point for the data set.
The data transfer is interrupted while the tape 20 is being wound, since

no data can be read from the desired data set while the tape is being



wound. Optical disk systens also provide relatively slow random access
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data.

As discussed above, many tape and optical disk systems are designed
to read and write the data sequentially rather than randomly. Hence, even
though a random access medium might be employed to store tape or optical
disk data, it remains likely that the data would be accessed in the same
manner as tape or optical disk, and making the read and write access

appear the same for both tape or optical disk and random access storage.

Further, only one host can be serviced at a time with a given tape
or optical disk. It is not workable to go back and forth between
different locations on tape or optical disk and try to thereby service
more than one request. Therefore, concurrent requééts for data sets on

the same tape or optical disk are queued and served serially.

FIG. 3 illustrates a data storage drive 306 which can read and write
data on a random access data storage medium 25 of FIG. 2A. In US Patent
Application No. 09/970,881, a data storage drive is also termed a

“transfer station” since an entire drive is contained in a cartridge, and



WO 03/ 060686 PCT/ GB02/ 05420 7 the transfer station only provides a data
transfer interface wwth the <cartridge containing the drive. Hence, herein,
t he ter mwoatas®sor age drive", "drive", "random access daCa/GRooHzge

medi um', "portable cartridge”, "renovabl e random access data storage

medi unt', "random access nmediunt, etc.,”all refer to arrangenents of a
random access data storage nediumtogether with the data storage drive to
read and/or wite data with respect to the random access data storage

medi um  kRe Rlbonsr thee Qi ¥ 30-La0P1d 8§88, a-hoadiunlQad, ar pangement 31 for

| oading a_random access. dafa medi um car f B G 2A and
opening the l%?‘tar all%mtg ’Eréecg:'éls"ée bgl?e “Feddrrt: técl;‘%%ess ua% Pt 593 39%s
exanpl e, tHe’ ear‘i‘?’f’a ragdonh @< eRAS| RN aareY mor "PAEtARABL her exarrpl e,

t he cart cedge.doay, beemcdedbweaaadorﬂoytcasrssadammtethgaam@dismor agenddnbpatass The
read/ wri t@3 AGGESsc. Unétltl 32:4M Y0 COTRRESRNEs %@nae&hu@m&bcgﬂ i $ ebesmd or
rapidly @X‘@gtogeéngé TR %he ge%aad stcgra} Qed %%'E egéaa%‘é 09%&%' rLYLL LY, for

r eadi ng and control Wit e cont r ol
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read/ wri temegats ol 185dfunilosd eeratigegeno AMedits lentlnpr o riadidg atbesscaarmnds t o

the readtwide NuhObartdehd 96 JLEEL. V|2ﬂgarﬁng%éxflﬂ§siﬂet Eb NG HaL o f Or
exanple, with %es pect o one or m)re Qsts he read/wite control

35 conpr FEE¥S BYit ™ ?)déf’ﬁd TETPSE BT 6F - AT FRTP Lo nih F&T B Or oY
oper at i ngetdré ivermd/ wriweg lac ces sauRhetiBZ ardblac dés stargrsdsecindy dedat a
segnent s dérirtdeyr ai dOITbANCES Sattialtoraber Agear e diremrdsd Ofrikd GacedA and 2B

for readi,pg. agdfQr WhiliisA0, Joﬂv@r&qgﬁﬁa@g&o \A@,;Jamt Bs. RLESENY ma&\agnsl on, the
e

read/ wite control i nternal arrangenent or ext er nal

IS organi ze
or interhat /8’6h?rear?8ad|trﬁ5h%%ﬁlshlfeaﬂ Fﬁi‘x‘ oF™s EPETHTEY 156G T %dlﬁ?uat“g %= 47, or
in SCSI veitingotisgyata | URdez thactenpfol whjxshdiwitbecaapal &Sel yaraddr essed by

host s. vhﬁﬁutabueéiﬂr@sﬁuesmmﬁcheas pr exgrdeg f-e8cLaeh Ad&gh&altoumpt with

respect h nderstood by _thos n a Each
host and;%édce,/%%&e %}éﬁ? d?géss?gdr?cc?éﬁ:n e unynanflg acn% :?Olvséén t\&lll r':tomm Jdﬁr ess

pat h, or 53¢ "SeR(1&ite rFosEsPl 1 8PHi T981 BRFFIVinde Rt (Frab e thévausabr: £RE virt ual
addr ess pudnpliEorwvighctedpest @ndneachnof hédre Bugi ea;t units coupled to the
host is defined as an."accessor" 60- 65 or as a "logical accessor". If

virtual addregs pa are no i C it, suc S _a LUN or
simlar |ogi ca srfa?%?"frﬁfcg 78 relrTB'L’dé/ hsdes h S %L Q mpﬁ?fcelsg%" or
"| ogi cal TeREEEERD roMAHiFs and fOF IRPer Hsitanthe éﬁ%ﬁr’ﬁ’?éte taﬁéesiﬁi mebal32aget ess pat h

of host kice3iOnanrgetOfficcattalpbdmedt4dSrom the random access data storage
medium 25 of FIGS. 22 and 2B for reading and/or writing. 1In accordance
with the present invention, the read/write control 35 is organized, by
internal arrangement or by external or intermal command, into a plurality
of separate logical units 45-47, or in SCSI terminology, “LUNs”, each of
which may be separately addressed by hosts. Virtual addresses may be
provided for each logical unit with respect to each host, as is understood
by those of gkill in the art. Each host and each of its addressed logical
units comprises a virtual address paEh, or a “nexus” in SCSI terminologyu
Herein, the nexus or the virtual address path for each host and each of
the logical units coupled to the host is defined as an “accessor” 60-635,
or as a “logical accessox”. If virtual address paths are not employed, a
logical unit, such as a LUN or similar logical structure is also defined
herein.as an “accessor” or “logical accessor”. Thus, in the instant
example, the virtual address path of host H1l 310 and logical unit 0 45
comprises accessor 60, the virtual address path of host H2 312 and logical
unit 0 45 comprises accessor 61, etc. Data read from the data storage
medium by the read/write access unit 32, or to be written on the data

storage medium, may be temporarily stored and organized in a buffer 50.



conprises accessor 60, the virtual address path of host H2 312 and | ogi cal
unit O 45 conprises accessor 61, etc. Data read fromthe data storage

medi um bywoOha/o6msae/ wri t e access unit 32, or to be wittenPom/GBI/0SED a
storage nedium mnmay be tenporarily stored and organized in a buffer 50. WO
03/ 060686 8 PCT/ GB02/ 05420 The buffer 50 may conprise, for exanple,
separate fixed length buffers, or may be arranged as separately accessible
variable length buffers. In accordance with one enbodi nent of the present

i nvention, ea cessor 60-65 d; a hflg@g fnqtheuseéfLr s 70- 75
of buffet® e‘sg £ ng Ny one Q?Q o SaR0%, tsggaféﬂtg gg_ read and/ or

t he accessors ’u% 1S
wite ac@%@@et#raﬁﬁ%‘i raénfﬁP&BF%eeraﬁﬁ‘Eﬁﬁsé%]ceeé’gr 8 ]set 8r age fedi'a, as will be
di scussed hereinafter. The data storage drive 30 conprises a drive in a

tape library 1SYst8MansHCh AScBllchibodi@sht ldebtiny ypreystemaddiof, Fe@ 4. An

exanple of a e _librar d at Li-byoar The
taptrarp ||%?C§F§°§%§t 81‘?11lns’aasgl°u¥§éc§21lg§ Fﬂg él@w%:o%%??o@?z&%vﬁf?%&fr gw deg

connect | @ afprongt of efé@t a‘fclfés?% mﬁ%ﬁslies a%"l e%l”fagn%Fdr{’ﬁFtYrﬁltg WoFage
drives, tmchudbnrgltapaddniaesss vota stronpge andiai ps aEder BRNGECHISER an
enbodi rregérquaft@,_pr esent invention, the renovable random access data
storage drive 30, which may represent one of a plurality of drives each

nmounted in a portable cartridge for stora eadtransp rtalon wi thin the
; g &

library, is aFed SRbantedssh Ehee CpePrbf et 300°%hd Rohinect ed by

l'i brary g;zm:ternol sud@2as Masti-dorhekibrerms s380sm BSQ afoFEfre 4I [ tﬁf’ale’f/a%ﬁt‘?fola may,
for exanple, 1191%151 Qx}secth@éW%la 159 8hos BhrSekbilge Siaage Amehidrect ure

(SSA), as, nma ce_connections r T t gragefmdhds both tape
and randdifg %?5e§’§te‘aa“faé’ §Y%age e Q% %19305 %% 2R, are stored in

storage stmiegbbor@y 2or rryuheat Fhe Iﬁwﬁr%ﬁsﬁsrﬁé’ks:*%%ﬁnd%’&&% %35%°*2986 have
access t @rseRe Mcl8indAlkhpofdrihes shotr ayewshehgesinddordatke gigome or al |l of

the tape_g] ‘{ﬁgnta%q! u&ier b&é@séﬁ 1 Thechbbr any B4k AlRoaWdebesiabusses 360,
362 bet ween h

oSt s e lape_driye iV bot s
354, 356S§‘f”6‘198 =ats o ?%’t Wgé?zl"emf‘ﬁeretpéﬁseenrre \24 gf?{ggaﬂt egfa‘:agwee{rg?%ee t he
r enpvabl eowrEedoin sapeesdlegatstdcade” ﬁéﬁ?a@ecéﬂ FFEYROTSRE L THE Bt UFage
shel ves 342xar@ndis 086 maaftdEmBViEnet heper e iinsall systandin® act essnaided &t or age
nedia cartridges tg,and fromthe data storage drive 30, and |oad and
renove the t %e media to and fromthe tape drives. The robots may be
adapt ed to transport both

Host connections 330, 332 to the library control may, for example,
be Fibre Channel, SCSI, or Serial Storage Architecture (ssa), as may the
device connections. The data storage media, both tape and random access
data storage media of FIGS. 1A and 2A, are stored in storage shelves 342
mounted in library racks 350. ‘Robots 354, 356 have access to some or to
all of the storage shelves 342, and to some or all of the tape drives and
drive 30. The library control 302 switches busses 360, 362 between hosts
310, 312 and the tape drives and drive 30. The robots 354, 356 store and
retrieve the tape media 21 and store and retrieve the removable random
access data storage media cartridges 26 at the storage shelves 342, and
load and remove the removable random access data storage media cartridges
to and from the data storage drive 30, and load and remove the tape media
to and from the tape drives. The robots may be adapted to transport both
tape media and random access data storage media, or may be specialized to

handle only one type of media.

During read and/or write operations, hosts 310, 312 are connected to
the tape drives and drive 30, and the library control 302 will conduct
movement commands from several hosts. In accordance with the present

invention, drive 30 is provided with several virtual addresses as



tape nmedi a and random access data storage nedia, or nmay be specialized to
handl e only one type of nedia. During read and/or wite operations, hosts
310, 312 wpaswemsected to the tape drives and drive 30, &cod/GBee/0b42br ary
control 302 will conduct novenment commands from several hosts. In
accordance with. the present invention? drive 30 is provided with several
virtual addresses as WO 03/ 060686 PCT/ GB02/ 05420 9 di scussed above, at

| east one for each accessor 60-65 of FIG 3. The Ilibrary control 302 may

change tBﬁsaussgalaelboagdramsasstotmé &gra&%ﬁsweésomn% Qt pic.the dhkves,
using the direct %Iﬁg | 1 nes_328. ‘?% n efart each Bhy5| cal
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the | ogiegal el wrs ﬁiQySIEgﬁidieaoaotrg@e mediudMrolind, t &ve chi-briagy aQnk1 oJs 302,

and/ or i e,@ssac ted . 310 2. es i;nve r ps_are different
fromt heg]b%ysﬁga&f gra ec?ﬁa am " 1 ll lo?lcaﬁ voc}él a so'(t%o%'{aagé ?r%agl a vol unes

26, 21, wWwWATERFors t@}bhawgamﬁ Gﬁd‘éieeéloﬂlﬁa% Heelupeshmay regdae rd tio "t ude
medi a | oatlethel hirafirhecdat-al stoar agel/dr iimeshe Bheodiastd GornexHo), 0312 .33Ches832

are made1M+&tg9§tmagg0£&cakfgr@9wftn%m éléophﬁzzai cgtmge Wht et B iRl efaal bus
380 of tge I'i brar (gtrol 302. 2?' |nterrlna a ? (?LVI g%&cgnne%l ons to
menory 38352 STBTHEREOR 386™eS| By 61388 8hd "a Wgﬂ‘o s The "Tht er nal

| ogi c 388ikxmryr oI rai ‘{q:hé@ludBQImeqlha%oaé?ﬁalmtéafihreydé‘émﬁé@lﬁaﬁ?uﬁlfllvﬁﬁe host s
310, 312 through nmultiple busses 360, 362 to specific tape drives and

drive 30. In ap.33R ﬁcéongfec{i?:%spfﬁseﬁ‘iz a@é!er&tdb%a ﬂo@@&&@cohd&%hﬂs@s at
| east data seg a_cqomon data st ream I Si ncgoéléﬁglﬁ”ltl on.

Upon océltrén °of11%3‘ WFFeth&c&%ts?n?JOrbuét:”q eg ttht?n £9%f an
i dent i f i 8de pakcerndlohup\pravivest eora@eegsmI b@lmabrmééés%pr0¢d$eoac@r$ﬁr ol | ocks

i’i port: Ol-Qfc tBE aelaL Liddpen, bxﬂléah%}(ﬁd 8ne GAPL@%E "1odi0 idmecwiﬂ'xto@s AL eESes f
ogi ca S The ntrol then es t ace ntext o
the | ock et ap I Pra o e h VAR et Abest? GHPEAE B g i
for the W?%eé &%Q:e§§2IfdgFE%ﬂlfaéc@é@o‘FmWﬁé‘néoﬁ‘tWGI 3Q:oncurrent I y aI | ows
read access to the data of the non-locked portion of the sanme or other

partitions byrgtherslogi ealRCERSIAL smnfamo&lhea %h&fola%&&%fléwla@aieast

accessor .which Ieo ked tahat artiti ogfeam d_upon con | et |ot Ol . % wite

access by th&“MTte atcess “Fo PEA “5eEEs%or Sea &5 PRREY 8ck| ng~df the

cont ext BFCWHe AL ¢ |"6‘ﬁtarﬁtfcﬁﬁ% 5 ¥ laptiesae I%chﬁgma’é’b%sﬁ? O her

wWite actasgifogi paktacoessorswitey eonrReHrT@itily akoedsont higre umitgue locks
a portion of the partition, called a “context”, to the write access
logical accessor. The control then accesses the write accessed context of
the locked partition at the removable random access data storage medium
for the write access logical accessor, The control concurrently allowg
read access to the data of the non-locked portion of the same or other
partitions by other logical accessors than the write access logical
accessor which locked that partition, and upon completion of the write
access by the write access logical accessor, releases the locking cof the
context of the partition and the write access logical accessor. Other
write access logical accessors may concurrently lock other unique

partitions of the removable random access data storage medium.

Partitions may be identified and tracked in accordance with a format
construct managed in the medium itself, or, alternatively, identified and

tracked in accordance with an index structure.

Referring to FIG. 5, an arrangement of a format construct for
storing data on a removable random access data storage medium, e.g., hard
disk 25 of cartridge 26 of FIGS. 2A and 2B, in the plurality of sectors
27, is illustrated as described in US Patent Application No. 09/970,881.



partitions of the renpvabl e random access data storage nedium Partitions
may be identified and tracked in accordance with a fornmat construct
managed iwotob@eoseei um itself, or, alternatively, identifi @dTaBd2/05420cked in
accordance with an index structure. Referring to FIG 5, an arrangenent of
a format construct for storing data ont% renovabl e random access data
storage nedium e.g., hard disk 25 of cartridge 26 of FIGS. 2A and 2B, in
t he pl urality of sectors is illustrated as described in US Patent
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format whi ch en%% s_sequential device block vari abl | engt such as
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points oFX@mlet hier deviceé blasskslif tiwethe egeemt antinesrpsgmededli n a regl on
devi ce bk@ﬁtlétnasﬁh hREBM' md2Qut 1 A S@c0oRskmbewal: cﬁ%ﬁ&&@tse&ﬁeﬂt@gpr&%gce

conpr 1 ead ar.ea 128
ancrzlrph:';t\sl: ﬁgo%tsg{)gg’gtk %ﬁ%l EgT og C;Jggg:a%e@%% Bﬂ $¥er‘m% ;fiﬁa&lfgfl\é or each
region. EXEHCGTODEP™PHEGE C eb?‘iﬁfﬁnﬁ%ﬁ@fﬂtﬁ BBttt F&3 eHErpBieds of Hhe data

r ecor dedr¢giopheande bf rreopddafi iy o egiom Bevitcer Pocsf matheRBBNfUBRAC I al | y nunber ed
| ogi cal sectors 27 of FIG 2B. The GDE indicates the starti ng point and

si ze of the.  hesianyin Leram.ol.dhe. Lagleal. sselols, andimy compri se

format specific ornati on, _e. @P ocates or
for rebuPtE NGt ROBME %hfeﬁ?‘?fhf"rﬁ% b62 8% "‘JF‘E)BEM 1?3@ 8¢ pr ovi ded

whi ch Cogiphage@sv1ce block element “GDE” 130-133 for each region. Each global
device block element identifies the bounds of the data recorded in the
corresponding region in terms of the sequentially numbered logical sectors
27 of FIG. 2B. The GDE indicates the starting point and size of the
region in terms of the logical sectors, and may comprise format specific
information, e.g., for performing high speed locates or for rebuilding an
RDBM. A format device block map “FDBM” 139 is provided which comprises
the initial header area of the GDBM 128. The “FDBM” 139 remains unchanged
during normal use and is not updated, and includes the initial portion of

each GDE, identifying the starting point of each region.

A first level comstruct is recorded comprising at least one format
identifier “FID1” 141, and preferably with a second, redundant format
identifier “FID2” 142. The format identifiers each have a pointer
indicating the location and size of the second level construct, the global
device block map, in terms of the seguentially numbered logical sectors 27
of FIG. 2B.

Still referring to FIG. 5, in another embodiment directed

specifically to data in the linear sequential format, a comstruct, such as



the initial header area of the GDBM 128. The "FDBM 139 renai ns unchanged
during nornmal use and is not updated, and includes the initial portion of
each CDE,wDdafbi6Bei ng the starting point of each region. ARCTiGBIR/0FRUel
construct is recorded conprising at |east one format identifier "FIDL"
141, and preferably with a second, reduhdant format identifier "FID2" 142.
The format identifiers each have a pointer indicating the |ocation and
size of the second | evel construct, the gIobaI device bl ock nap, in terms
of the s g ogLcC tQr FG 2B Still
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addr ess @.‘e%mqlaﬁmun@rgg fclg,@cgfvgegeorhl 9$k§f #29- 331 and the region in
terms of the sequentially nunbered logical sectors 27 of FIG 2B. Al though
illustrated as conprising a true |inear sequence, the data and the
constructs ar@livghded vghratedantl onreicicdss ansdiairhinesd saqeencdi Sfhei dattaed
anbngst the theackstanck AEPOGRLoSRL! Of S 2dndtin Fdass2hedibnAina ARPropri ate
manner. fh SN I i I ized in a

st ream of %ar![lhgﬂgﬂi r?gnts I%l(ll)é?tf]f%ggslrr%hd%%Pa Aetflts %%p%l %?Foﬁlcﬁo%g& 970, 881,

t he dat aa’g%rgol%h?tse 8F%%er med "devi ce packets", called "DP". The data
segnents 170-176 are no greater in size than, and none of which span a
boundary bet weea,lidexi ceqbdacks. sdrust hiaka fOBa@AGBnOf1yt B@a@@yédte.npa%ket S

of a deV%&?eaQ' Qﬁi&atg &E&meﬁlt_es\”lq@—lms()(:kl ég P%.%%mth%gg?yc!aﬁsgﬁr% /?gch%

el enent "fH " pr ovi device ‘'t he
i nst ant exa%F% setgﬂﬁn%saﬁﬁe ST EAM €8ﬁ‘pﬁﬁ| Ba¥etape PoYit "BF ockghe' Pek* 185 and
tape subseAmseks 7PSBI6 B86. noTheedtevi be Sp&@kbéltas, amd dgefei peovhash npangs eater in
si ze t habowndhapercsuberd)| ackick8bloaRd addiid.Qnabl vade JHotnsSpRRM & phoundary
bet ween deyl aevhlogkse Thls, Q%cgeﬁl%%%kﬂos 1213 200, L4 SDLL L Bl ape

sub- block 186 and ataelodglc S0 23S to Not span a “élary
lement “PHE” is provided in the device block header “DBH” 180-181. In

the instant example, the data stream comprises tape logic blocks “TLBR” 185
and tape sub-blocks “TSB” 186. The device packets are defined as no
greater in size than a tape sub-block 186, and additionally do not span a
boundary between device blocks. Thus, device packets 173 and 174 split a
tape sub-block 186 and a tape logic block 185 so as to not span a boundary
between device block 150 and device block 151, such that device packet 173
is in device block 150, and device packet 174 is in device block 151. The
respective device packet header elements “PHE” are thus also provided in
the respective device block headers “DBH” 180 and 181 of the respective
device blocks 150 and 151. The device packet header elements each
comprises an indicator of the linear sequential forxmat data of the device

packet, in terms of the linear sequential format.

As specific examples, a tape logic block 185 has one or more
sub-blocks 186, and may vary in size upwards from one byte, and a-
sub-block 186 has one or more device packets and may vary in size from the
size of a tape logic blocck 185 to a certain maximum value, such as 256 kb,
whichever is smaller. The device packets are defined as comprising a
sub-block 186 or as a portion of a sub-block to prevent spanning a device

block boundary.



bet ween devi ce bl ock 150 and devi ce bl ock 151, such that device packet 173
is in device block 150, and device packet 174 is in device block'151. The
respect i WeOodaw6mwes packet header el enents "PHE" are thus alpse/gBooMsated in

t he respective device bl ock headers "DBH' 180 and 181 of the respective
devi ce bl ocks 150 and 151. The devi ce pecket header el ements each
conprises an indicator of the linear sequential format data of the device
packet, in terns of the linear sequential, format. As specific exanples, a
tape | ogic bl : ope. Qr. I 5 bl an v in size
upwar ds from%%ge%’?f? é{;@%ﬁdﬁge Sﬁ‘ga?ﬁg%%%lé?86°fﬁg§é %gg%nf rlrrgxfegl% gcér\l/i%{c% ackets
and may VaTSFiSA SiEPelPFinPledsstde §1°21Pdife 1BHgioc BTOER BiE5kE 054ttt ain
maxi mum eatuef shich asu236ekly powtiosheverrésiognelol-ar2. The devi-ce packets
are defined as conprising a sub-block 186 or as a portion of a sub-bl ock
to prevent spannin device . b k. boundar.y. VO Q3/0 6 PCT/ (3B02/ 05420
12 RI ternati v§?§° at%hges“ﬁé%%gslélg!fr%%ta E%&o% pI?]hlec atblroensgﬁt (}%2\9/2%8?%2; t%y

conpri se TRAFE PEEATE BFOCRsTABEe FFBrEtDARSSF86°T GRIHEF ¢ Hdck 198 151,
each of wkaglleconpeses ragporst ngn bef raseregd @ar 1Eatd? dabh sonasedesserddaed in

US Pat entr ARl bEatiisOPeNRa DY 3dibB8dta tsta@eanrnaegcam“?%ﬁox{mdi um may be
arranged in sets of regions 110-112. As one exanple, a set of regions nmay

be reserved for related data. Herein, a set of regions is termed a "common
data streant &F & PpattH APOMcatish N3 PAY&H SAppltheatIBAPNGE BF7098&L, t he
regi ons Obawmtigsétn” . ohave 2" partictierondentifver a apdrdachi orpicdernt iche exartanidneach
r ggi 0_nf Qﬁstgﬂ@gﬁad el L& selrSer@eVRGLAY [ e@h@rpa&egﬁ%ceqageg@gr ?J@Qa%gr t1 I3E) i 22,3
identifi e r equence nunbers,_.ar LQYi in the -
For eacht Faror dRetE e e R P B L % ot e P o
for a paft?¥aon hEyCHR @2%ily identified, and the location of a region in
a. partition may be identified by neans of the regi on sequence nunber,

such that therpad,tiche Qa-BY: Re1adntaekad :and, pRiNtabNed, dd.ac0e0Qr dance with
the pr es?&éntligyec{]t Iarqg’three{ eJali:ligig otfoa FleG'io 6’ina£] pa%#:;[.te:irogalgé V%efjpc{ rg}:oge
mai nt ai ni ng par?l'tl ons and associ at ed “Cont r'ol * HeAforimat | nrs SPF st at ed.
Thus, an®Y ieRs £f0the 5844 FeduergRdHRyT be Bt e dtish PRHe fiervwabPe random
access datzrketiorrageairediued 25 of FIGS. 2A and 2B, and identifies the
partitions 420 for each data segnent 421 of the partition.
In accordance with the present invention, referring to FIG. 6, an

alternative form of maintaining partitions and associated control

information is illustrated. Thus, an index 410 is provided, and may be

stored on the removable random access data storage medium 25 of FIGS. 2A

and 2B, and identifies the partitions 420 for each data segment 421 of the

partition.

As discussed above, a data stream may not be written in a continuous
sequence at one time in as much space as is required. Rather, as in tape
or optical disk, each data set may have a particular initial sequential
amount of storage capacity allocated to it. Thus, as data is added to the
data set, it is written at an “append point” at the end of the previously
written data set. Should the added data continue beyond the allocated
storage length, and another stacked data set immediately follow the
allocated storage length, the data is written at the next available

location.

As discussed above, the constructs are not necessarily recorded in a
linear fashion, and, as such, the append point may be provided at any

suitable random access location of the random access medium.



As di scussed above, a data streamnmay not be witten in a continuous
sequence at one tine in as nuch space as is required. Rather, as in tape
or opticawodBskieseach data set may have a particul ar initipall/Gesgusnoi al
anount of storage capacity allocated to it. Thus, as data is added to the
data set, it is witten at an "append pdint" at the end of the previously
witten data set. Should the added data conti nue beyond the all ocated
storage | ength, and anot her stacked data set imediately follow the

al | ocat ed St or Qghéxe”géh% tEhget‘laLPe LS 158 L &R gaLnd Qéwﬂeeé‘éna‘@da' ai8e ig

| ocati on. scusse Qve, constructs are not_necessarily recorded
ina |i r‘fé’a‘fe"fré§ﬁ|t61r‘? 93y 1na%h ﬁ%’PF SPRE® AP pEitd Optiet My 20E pr oV E8E at  any
sui t abl e arameloIt adeedstd doabs orvoit tehemavapdommdakeess thed pbimcaWel 308686
PCT/ GB02/dapd2fky, lahd-tihe heta @& datdlsetsmdatie haatkionhl elzed added air bit en,
the desirg isp1L0Jewmite the data in the sanme space as the original data
set. However, as above, the data to be rewitten may extend beyond the

al | ocat ed storage capacity, and the data set is split and the additional
data stored atRederriagard dBFe 4 6earti enamRef eF PRAY tion M@ comxdsare exaipl e, a
partiti Ol’dafnﬁéé'néﬁfmrde&a& seviRsa edqusegiment s rob dakgidavhnghiansaguence 422,

for examylguerino iGN NG PRATENL AEQUENCE: SOIPL Lass.l e Seguelce i thin 2

region in on e regi 0n sequence nu ocati on
addr ess 425" %nﬁ?ﬂ?@ssﬁﬁﬁnf%ﬁ&mﬁ%céﬁ%@ rra”ﬁ’ﬁe&lo%?&df”éféidﬁ?sst A& first

segnment cobwerigat athes rpedm aedrsdscoagred sekirede odppendipai seowhteatr data
subsequenrtrsHgNBRd dofiptRs SROUBHGR A2Rt0bs teraehdﬁibae@erneaéegmber BN thé
par tit i o gRs. Al 20 COMBLI 88c R ocdah@ ShLfam ! hggrelst iph R derd Bod.sLog e

region. in-accor e Wt present inven e or “optical disk
sequent i éillat%rsﬁﬁﬁ?“%&FPB#SOPr?‘ﬁéIeGa‘tnaasf’rI@é%lie§l§’ilrrul at ed by organi zi ng the.
read accessed non-sequentially witten data segnents, e.g., device packets
170- 176 of Fl Gn &cdk@insequant-halp:ae6es Snbsndibe, E@Sttaﬂenoﬁ%tﬂéleQLéwnt

(A), the data s &@Q?u;ﬁwﬁ J0sie ebil %@Q&m gd lmuggte%cs Sosfqag oy rbr“ the

random accéss order "o ta_segnents, ata storég

e.g., buffar BEHI=FPeR- S§qu%f§‘l§yé’e S enaﬂ%tat ﬁ‘éfr’i“ernésarer gngegyt .@?Tkebtf
means of 1pbi¥teers Fitn %recijeerﬂ,eauﬁrrtltaheam%éw the heabt hép embediarEnent t he
data segmenf shar&ataceessQd iMcastuak éimeantseguance aketlle of gNDVabli

random acGess, datdSLosags: edi wp éegnrﬂeggssta%e&' | B BLUENGP L N, hyffgr SO.

The procedure is followed in reverse Tn wit ]9
g., buffer 50 of FIG. 3, as accessed, and then is arranged, e.g., by

means of pointers, in sequence in the buffer. In another embodiment, the
data segments are accessed in actual linear sequence at the removable

random access data storage medium 25, and stored in sequence in buffer 50.

The procedure is followed in reverse in writing data to the

removable random access data storage medium 25.

Referring additionally to FIGS. 3 and 4, in an aspect of the present
inﬁention, a host system 310, 312 may select a LUN for a ?articular
access, 'and a control, e.g., control 35, makes the assignment of the LUN
45-47 and therefore of the accessor 60-65. The assignment may be changed
for each access, or the assignment may be for the duration of the
connection to a host, etc. The control 35 raesponds to a read and/or write
access of one of the accesgsors to an identified partition by, identifying

at least one data segment of the partition for that access.

Upon the occurrence of a write access for one or more data segments
of a partition by the write access logical accessor, e.g., accessor
“H1/L0” 60 of FIG. 3, the control 35 establishes, as a write accessed

context, at least one data segment of the identified partition for the



renmovabl e random access data storage nmedium 25. Referring additionally to
FIGS. 3 and 4, in an aspect of the present invention, a host system 310,
312 may swbheswem8é.UN for a particular access, and a cont POIT/GB®205420cont r ol
35, makes the assignment of the LUN 45-47 and therefore of the accessor
60- 65. The assignnent may be changed fldr each access, or the assignnent
may be for the duration of the connection to a host, etc. The control 35
responds to a read and/or wite access of one of the accessors to an

i denti fi @9 L&égson Y LAenhi {3 %natir]RastR0ea dahRSegRe. ffidhe
partition n&e ccess. Upon the occurrence of a wite access for one or
nmor e dat ﬁc‘"seegﬁ 3 01°§°P4rtition by the wite access | ogical accessor,
e.g., accessor "HL/LO" 60 of FIG 3, the control 35 establishes, as a
Wite accessedne mme»«ionta:tt"l pasdinongs datrriserenbgld dhbe sieémiti,fmedlay
partitiop.fan the MO 0§9(”‘a%§aPsQ£4néﬁQ2/ 05420: A1) L8 @CLRSSea LheyLontrol

| ocks the wite accessed cont ext to the ite, acces | . accessor The
term " coft&xt™ Hei¥%eih "°n9u%t§r?pr| Y FE Rl *dRtE 8¢ sﬁha?gls Bey conpri se
a groupi AgFOttaat £18cRERtder Ipdier fetd Faoseageltﬁ §Bu eamdﬁo% Whlﬁlhctéle
witing wsiciogdooted & lakylypobride chargedadral 3&tkst hatrens befepgityrewritten,
the rerralrﬂfi%rfoi@é Eae%ﬁeate%b%béﬁguﬁnfhé réi@tpmﬁht%n,mlﬁﬂltEr&ce%#d| ng
occurs is l. o be .change n ac e [ e in
one errboﬁ?r%}:éenf@‘ %ﬁ’y CRE gstent | nE{/esﬁ?ments gol{]n\%fr'ﬁ 1%}&9 &E £acf‘ at&‘%lir%tmeé% Cfr?r%j?}
conpri sefEee t&at%%éﬁ?@’ﬁﬁ%‘a EOnPRg SPAPE Fiee tdBF%tlseérmunt of data fromthe
present wite to the end of the data set. As discussed above, with respect

Ej o FIG 5, kt[l@s'icg%t:%s%&gtaﬁmeslwmh rééﬁcerﬁ@m sV eny i“agltmygrfémwioge

evi ce packets ape |9 ocks su or device
bl ocks 1%% 2 P Fach’ ¢ r%th\ﬁl TH © g“(f’r Bri sdgvuﬁ'f Eac onEOOPEggrzca °F19-112. The
control Msoﬁa%‘-‘rratsé% hligeks B8/ v~ ?é"%c’?ﬂé’sﬁ BntX0-39L .t sagk ‘éhl“thhe wite
accessedcemitiexs ,a borci b ng rédendatm1in. t he avail abl e space, e.g., as
data segnents 170-176. in accordance with the present invention, as the
witing is conducted a di sconti nuous nner, the control provides

concur r ent agﬁ%scsonﬁf/o%5ﬁﬁlﬁlr°r‘°8ﬁ?ﬁe§7 19 SRRHYTFendoqete s8Rt 3% e 25T of the
r enovabl &he rptlorncgesesis coettext st mragel tiedl i then $aral dyitdal aedéedlsopBace. g.

| ogi cal eagCess0ista” fiuebts Goam." HL/ L2" 64 units "LUN 1" 46 and "LUN 2"
47 of FIG 3, other than the |ocked wite access |ogical. accessor "Hl/LO
60 of

In accordance with the present invention, as the writing is
conducted in a discontinuous manner, the control provides concurrent
access by concurrently allowing read access to the data of the removable
random access data storage medium by logical accessors, e.g., logical
accegsors “H2/L0” 61 and “H1/L2” 64 units “LUN 17 46 and “LUN 27 47 of
FIG. 3, other than the locked write accesg logical accessor “HL1/L0O” 60 of
FIG. 3.

As the typical random access medium, such as a magnetic disk drive,
has oniy one head, the concurrent access cannot be simultaneous. Rather,
in the wait period between writes, the head is accessed to the read access
data segment (s), and then is accessed to the next location of the

discontinuous write process.

Hence, herein, the terms “concurrent” and “concurrently” are defined
to comprise one access operating at the same time as, but not

simultaneously with, another access.

The control 35 additionally prevents read access to the write
accessed context by any logical accessor, e.d., accessors 61-65 of FIG. 3,

other Ehan the locked write access logical accessor, e.g., “HL/L0” 60; and



FIG 3. As the typical random access nedium such as a magnetic disk drive,
has only one head, the concurrent access cannot be simultaneous. Rather,
in the wawO ope6icsel bet ween writes, the head is accessed t ®@CrleBoestoaccess
data segnent(s), and then is accessed to the next |ocation of the

di sconti nuous wite process. Hence, heréin, the terns "concurrent" and
"concurrently" are defined to conprise one access operating at the sane
time as, but not sinultaneously with, another access. The control 35

addi tiongl Ly, pLeuept s, J.ead t%cgﬁf%aw dehenau fgakeltl@ﬁcceﬁ%ﬁd LBt BynRRY

| ogi cal ,”accessor Cessors her than the Iocked
Wite acBeses| 8@5%5?0’%@8&%051“ 4 ﬁther' Iﬁ%‘rtéhe GJOD,Ck 3 S%ﬁg%glca

PCT/ GB02/85420 45 prevents wite access to any data of the partition of the
removabl e random access data storage nedium by other than the | ocked wite

access |ogical, ;s ééc%ssfSanmLuémr&m%éspx%ggﬁa UG Sefer emgzs%h@f %%gfgxt

context to andt har in a se uence he confext Is advanced

to the néxt? &S‘F‘ée“§§gn§§ﬁt Con%ﬁ’fa 1hed di £ ghané’eah? Fthet ar%émf??&ﬁ?‘é%t I n
t he enbodidrefe bickt he chpnesknt fheveel |09nt¢><ﬁ whize irha spPPeneasces $88 cont ext
conpr i sesréfiptdatvdnt SRYARNIS cBONPEESE RGcéhedt ehrdlexamuptiofs dad @atsom t he

F LZS ﬁg;t %dénte%tg Ocoﬁnggl s:.%@dtl%f tEpaQL Q%Iﬂqts &t dattg efxrc')%x I:hec 99& ¢t w?@:M:eC Qérp;rh'es €

n conpleti,o te access by
the wri tén%é’éegge Id8§‘? CS§I aﬂgtcg?é F°n$ Bont ?né?rlSSI%’éesggx':t \Malc?ocekl ny “of the
cont ext pertitécmssigned wite access |ogical accessor "H1/LO' 60 of FIG
3. Enbodi nents of the nethod in accordance with the present invention are

ilTustrated i B & Q@mpfe‘tgonl%%f ehd i Rged QcELSny 3ndwand chéé@s $t8Ra450, a
pIurallt;/l of o [ relgrowdeg wth . each | ogical.unit

arr anged®f 58’6111} | ca ntémi ﬁeﬁeﬁles 0St's 1< ‘ﬁlntefcogl cals Gnrt e or
"LUNS" i Hr%ﬁc?@rsni?ﬁﬂcééyacct‘?ﬁwrbéﬁ/dﬁﬁeﬁo &% B9 Red basis in read/ wite
control 35 of data storage drive 30, or may be fornmed as desired by the

read/wite coptdahe3d 8k a% hbadkesuldcofa-co8mprdscdds pradhe ldhaldh

control cess, data storage drive 30 Is provided Wi th
sever al \a}F‘?tﬁ}l}lStrﬁ‘éa&e ggg § Teast one for, each logical unit.45-47, and

further virtual addresses nay be provi ded for each | ogical unit with
respect to eaebrdr@shg to FIGS. 3, 4 and 7, in step 450, a plurality of logical

units 45-47 are provided, with each logical unit arranged to communicate

with the hosts 310, 312. The logical units, or “LUNs” in SCSI

terminology, may be formed on a fixed basis in read/write control 35 of
data storage drive 30, or may be formed as desired by the read/write
control 35 or as the result of commands from the library control 302. The
random access data storage drive 30 is provided with several virtual
addresses, at least one for each logical unit.45-47, and further virtual
addresses may be provided for each logical unit with respect to each host,
forming the logical accessors 60-65. The library control 302 may change
the virtual addresses of the logical units 45-47, logical accessors, or of

the drives using the direct signal lines 328.

Steps 453 and 455 represent the typical dynamié¢ assignment of an
accessor in response to an access request, which may comprise a read
and/or write access request from a host. In step 455, an accessor is
assigned to the access request. In the case of an attempted write access
when a read accessor is currently positioned in the proposed context which
would be locked, or if another write accessor is currently holding any
lock in the same partition, the write command and attempted accessor
assignment are failed to the host. Altermatively, as discussed above, the

assignments may be fixed or may be made on a longer term basis.



formng the | ogical accessors 60-65. The |ibrary control 302 may change
the'virtual addresses of the |logical units 45-4,7, |ogical accessors, or of
t he dri vewowsiosngsé he direct signal |ines 328. Steps 453 amdTABM2/08020esent

t he typical dynam c assignment of an accessor in response to an access
request, which nmay conprise a read, andfor wite access request froma
host.. in step 455, an accessor is assigned to the access request. In the
case of an attenpted wite access when a read accessor is currently
positioned in {hespraResead.context M'lciquu\é@t’:” ds@ﬁelsog}f%adoa(ndl/gr gRother
wite access-or I.S currentlg hcldijnsgC ang/k I%?h % C{ata sane gartltlon t he
wite comfand and” RTERPTEd“EccessSTy §i garents are ot ailteg-t S"thé host .

Al t er nat iaFEP§sorads dsségased thb Areesg ﬁérO%sF%ﬁﬁﬁ%@eﬁa‘yc%ésﬂ ¥ed or may be
made on achenger thesughbasitde YiDe08h6068 boPCT/sCBER/iB5420:n16eld.  is |ikely
that a hqsteWildy.request a series of read and/or wite accesses in
sequence, as the host works with the data. Hence, once an accessor is

assi gned, the access through the assigned accessor may continue throughout
the time that TRESHESELY s Bedtim@®hi pheelecged *andynarritioA2tSabsegsent |y,
in step 460ium 25e| B tiedpraviidedn tac €igs Satats@osdder agere AR AW AhS ob26 358,

provi ded 459 %%3\4‘%@% 351:%&? gﬁeﬂ! 4 %deyoahgs ﬂyobﬂé 1828 /1n1328 afrE‘QlJ;Belmhﬁt

st orage shelf , /unl 6ad arrangenent

AP R M A IV RS S L e G L Lo L
control 3@2::@&/ goptrsi 883 apod iy stont arhimegearthoginsak laalinae vodehect ed by a
host . Refsgligw@ L £Fhest 5, and as di scussed in US Patent Application No.

09/ 970,881, in step 465 of FIG 7, the.GDBM 125 is examined to identify

the partition of the desired data. At |east one GDE 130-133 provided for
each regi on, &FdeTFBE FREiT6ns® of"d §FaftiTrer’ Phe® EpESoRpPisasigmae-
partiti om9i/elécnt8|81’u eim aneb ©lde gegiron 7secuerDeM NAAby egémirlkd teddertidiyt hin

the partidhbofhrcRef &t %&n&@qeﬁﬂegnéééay tQ ELGe @ne @D%eimtlbyeﬂrﬁm&éaefgf ndex
410 is read romthe gedg um 25 b e rea %lon acg in ‘step

465 of FIG7°gna™t R8T ndéx 7% % o 8 By 1&‘7\/\/|D|t Omé’Bh?ersth%S of the
dat a storPééélH-Pvad%’GlfIﬁ?eaﬁ%sttheo¥eqlers<ftqye%PF®?erV\PfIthﬁawlpéqﬂéi@-md r ead
and/ or wtihteparaccss t Oreflerkbastdaitdegment tofria. dat alsddmaaimelkf dHae request

is to readged 3t & SQIFCALMOLL A nd@t 2, §4 rb«;ame trggd;&ﬁra@e'a%cggse%wséd as a

partltlon A data streamto be witten HHZ be a witeover of an eX|st|ng
dat a Stl’géﬁ? 465 of FIG. 7 and the index is stored by the read/write control 35 of

the data storage drive 30.

The host or library control will have requested read and/or write
access to at least a segment of a data stream. If the request is to read
a data segment or a data stream, the data is identified as a partition. A
data stream to be written may be a writeover of an existing data stream,
an addition to an existing data stream, or may be a new data stream. If
the data stream comprises a writeover or an addition to an existing data
stream, the partition is identified. if the data stream is new, a new
partition is created. Thus, referring additionally to FIG. 5, step 465
comprises identifying or generating the partition for at. least the data
segment (e.g., device packet 170-176) of a common data stream. The index
410 of FIG. 6 or format of FIG. 5 also provides the physical location 423

of each segment and the sequence number 422 of the segment.

Referring to FIGS. 3, ¢4 and 8, assuming that a selected random
access data storage medium 26 has been loaded in the data storage drive
30, a host 310, 312, or the library control 302, in step 200, requests
write access to the loaded medium, employing an address of a logical

accessor 60-65. In step 203, since only one logical accessor is allowed



an addition to an existing data stream or nmay be a new data stream |If
the data stream conprises a witeover or an addition to an existing data
stream tWweopaetsBéi on is identified. If the data stream i PCHER2A5428W
partition is created. Thus,, referring additionally to FIG 5, step 465
conprises identifying or generating theldartition for at-|east the data.
segnent (e.g., device packet 170-176) of a common data stream The index
410 of FIG 6 or format of FIG 5 also provides the physical |ocation 423

f h h ine t
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assum n t a-sel ected random access data st or age
nedi um 28’%%{% A5ERF° |16 atEd ]ﬁlec Re” dRE O EPAgEIHTFI VB CHEoT a hsT™ 310, 312,
or the |idsraple, comttther BR2cal peseser 2060 Fleeqereﬂ%stlmﬂiosla@cég%eslsertw
| oaded nedi &léelgag&)'&){i:élgacaes@ddrms@(ﬁe @atogienl IACRETSB0#cB@s 65 nbh Step

203, S1 NG ONLY 0Ne 001 62l , AEESSOL-Lo 2| QueCk MO0MOG080E P.GE021 05420

17 wite access to eac artition at one step 203, det er m nes whet her

Wite acE®8srBegtld apre oy SPﬂ%e%l‘ég’fereﬂe??ﬂl B4 r&%‘é?&?ﬁ FRRSSHIF °Bxéanpl e,
anot her |dgfeantabaessbradechasprt hehanggues ki dif fRogfitc abrbiddées SO FriyY: ber

assi gned n%%i 18u26688S £b GcHeNEr SAFRMARE i ohOFal hEcaMsbl € HREEHS Sep&atiil the
avai | abl e, [essage is sent in step 205 that the wite access failed. The

ques

requesti ng "agent may subsequently repeat the request at the sane or a
different |ogical accessor, change to a different partition and retry,

may inquire aRefertimg QQWEISH@ﬂ-YW’PeFF@ﬁJI Eatndaceissshes Iveter'le aFesReari tf the

Lequezt bB%ﬁQjJah(Bde 3ddid ienald, ytﬁéﬁl FLxG&teﬁ 2070 $he icbr tihe- imbﬁa&heaﬁ:ﬁdﬂﬁﬁﬁl’
as een_granted writ cess 0, N 7, t he
i ndex Qld'gl 5y ee%ﬁrﬁ%nr?éidg%% Fhe o+ éwrdl/ Tt rg%ﬁj{g’r %? 38 5%3: % %ngtg a‘;%? S(rjgoge
drive 30 whemmetrtelﬁtstpge%teéftw éFT%Pr%JéfnﬁBr%tWiwl%oﬁﬁ PiCYErSE 2heve:

di scussedcabiueate ttheai¢tgat esprhe. desy ragdispaet. spagy =dditednal fwfate

required @ fuilki hiy bghfeaafgme@ B BBe el 8d0reds fdromd NaaGDR1830:133nar the
| ndex 410Gf‘D Oéﬁ: g.ggex entr}g ma%/ %e a?i(ocateglya X Q%ealo qggf %coirrﬁléc per the | Ogl cal
I

format. acces ei ng conducted in a partition, a concurrent
write access has the potential of rendering invalid sone or all of the
data in and sulisequmdt at¢aesthis poitd gpndfctedanpargdriti oirnhed ngpnewytenen,
renderi ngvﬂ:.h@ d8ads ivRxatid pogém.s;al sieeperdd8idet evdliaesonshet han as redad

access is ngzlr{){eoge%ﬁgnq&ﬁng Poartkgtgocz@lénogkla@aiaélyma& tb@n%rw%@tgé the

partition nessage i s sent 1.n st hat there

i s a confisPeerifist kg Keaf d@k’alrléne TS agePnalf Sét?‘%rbﬁﬁ é"&e’fl?)ert Aec$idst as

access is positiomed in the partition (optionally, in the area of the
partition) to be locked. If so, a message is sent in step 209 that there
is a conflict with the lock. The message may be reported to the host as
an accessg failure similar to step 205, and the host has the same options

as digcussed therewith.

If the partition is available, the context of the partition (from
step 465 in FIG. 7) is determined in step 210, employing the GDE 130-133
of FIG. 5 or the index 410 of FIG. 6. For example, if the context
comprises a segment in the partition, the location of that segment 423 is
identified. If the context comprizes a group of segments, or, if as
discussed above, a context comprises a segment to be written and all of
the segments remaining in the data set subsequent to the data segment
being written, the partition 420 of that segment is identified, and all
data segments for that group or data set of the partition are then

determined, together with the sequence 422 of those segments.

In step 220, since only one context may be locked at one time for
each partition, should the logical accessor granted write access in steps

453 and 455 of FIG. 7 switch from one write access to another, the



an access failure simlar to step 205, and the host has the sane options

as discussed therewith. If the partition is available, the context of the
partiti orwQfsomesst ep 465 in FIG 7) is determned in stepCTARB20M2DOYI Ng
the GDE 130-133 of FIG 5 or the index 410 of FIG 6. For exanple, if the
context conprises a segnment in the partition, the location of that segnent
423 is identified. If the context conprises a group of segnents, or, if as
di scussed above, a context conprises a segnent to be witten and all of

the segrr%gtre‘rgle"g'g“ ng.id).the @@t&ostets supée@%@ﬁ@g whgttétetggge i segment

being witt rtition 420 of is identjfied, and al
dat a segr?é‘hf"slntgoto‘tlﬁﬁf’rgtrhﬁu‘bew&ﬁ’ ’6%&“855%3[ pi’)’F'%ttﬁgn'sz‘Ff‘ﬂr’rgoﬁh%tr BorHER

det er m nédstt eget hemrvpttivt bes getfirenceeA2fonfthehowategeenia. 2i9pstep 22. 0,
si nce onloy eme ceAtdext nmay be | ocked at one tinme for each partition,
shoul d the | ogical accessor granted wite access in steps 453 and 455 of
FIG 7 switch fromone wite access to an tq§ (%he MD 3/06%

PCT/ GB02/ 05423 18" E6AT 7017, O%tYg o (CREFHr ofEHS™ %8 PRet ST ifs “Whet her
there is tame, @xxdsthqmg2¥%@kt¢mln§$lévhnébﬁwth@%éét%ﬂ’ B’atfttllti@dr?f:kn@n?%g t hat
anot her eséxt 6t Ghe GR&HiANtIIY has wite access for that context or for a
portion of the context. Alternatively, only one context of the medi um may
be | ocked at one  tine, and step 220 determn nes g is any.

exi sting | ock FofiHmy cacséntb&r%oftfteh@r“ﬁ:@df‘%crﬁsslhs Pt ee‘{ bXa C?Ift“?g,“t he
Wite accesstirs2£ai laed dy réricomusgl b8Banigedsbeghp2iXstand any retries nust
be managed by the host. If no other lock is in place, the context defined

| nstep 260 of, LR o R ik ttéo% 80180 QRECGI QL %Fﬁééd 9RCL Mr 24P oBCGESS

| ogi cal accessor 7 ¥ erring a ditiona 3 and 5, as
an exarrpIPéi‘-”t’rfdg’Pc"'eﬁo 1ac3c9§§§‘6rt°66h%é§sb‘é’€ﬁ ‘é‘”s‘é:ieg?'%tfsﬁ/rjictgéc%ﬁcé‘ég%ssoénbnl s
| ocked t @'tap cxat exdefefrimdat@iisegmEnlstd 7064.7 3. ahd) 5acenradascerhe t Rotiheal

present i AYeLl OBy htagebé‘egntéétlgns@n&uté &RELYs, ahch OWS158@0 BEGeSSHQrthe data
of the renovabl e random access data storage nedium by other |ogical

accessor §2°2 Y Uctéd¥ors " H2/ LO' 61 and "HL/L2" 64, preventing read
access to any wite accessed context by any |ogical accessor unit other
t han t he respest iy atkedin ithe Beeess ihogitiah, @ECESEAD] @nfurrehony cal

accessor altwstgea@@%cc@&d B 8YeRLLNG Wil RAREESS rahBoY.cdad 8.0 tBfge

respective | ocked artltlon of the renpvabl e random
P ed&um by oé% logical accessors, e.g., accessors “H2/LO” 61 and “H1l/L2”

64, preventing read access to any write accessed context by any logical
accessor unit other than the respective locked write access logical
accessor, e.g., logical accessor “H1/L0” 60, and preventing write access
to any data of the respective locked partition of the removable random
access data storage medium by other than the locked write access logical

accessors.

The comntrol then, in step 230, operates the read/write access unit
to access the write accessed data segments of the locked contexts, for
writing the data as segments, e.g., data segments 170-173 of FIG. 5, on
the random access data storage medium, employing any append point. As is
known to those of gkill in the art, the append point are typically
identified in the headers of the data and format control structures, i.e.,
GDBM 128 and GDE’s 130-133 of FIG. 5, or table 410 of FIG. 6.

Specifically, the control identifies an append point for the next
sequential segment of the identified partition, writes the appended data
in the random access sequence as data segments of the identified
partition, and identifies the appended data as continuing the sequence of

data segments at the append point of the identified partition.



access data storage nmedi um by other than the | ocked wite access | ogical
accessors. The control then, in step 230, operates the read/wite access
unit to wWomaselsBhe wite accessed data segnments of the | echaBocosnext s,
for witing the data as segnents, e.g., data segnments 170-173 of FIG 5,
on the random access data storage nedi &Py enpl oyi ng any append point. As
is known to those of skill in the art, the append point are typically
identified in the headers of the data and format control structures, i.e.

GDBM 128 and_ %hér 130+ 1330k c!:é Ghe E%om‘?éxtt @Q'felﬂ&%ﬁfxéﬂ Gor BonesPeai BECGU | y,
the contrql identifies an eﬁgp?t FOI nt for. the ne . q}cgn ntlal segment of
the i dent5'fi a%tapaftti}i Grne e thehp aesna ed data""'n © anaom access
sequence Hgtuatd S’@@W@ﬁt@‘toﬁ-st‘ﬁ@ai:%ﬁﬂ ?ft@@dz??artﬂ %49@ﬁlf3aﬁé}e|"(féﬁ’ﬁ?rf| es the

appended gahant@s i60tHa Opddt@dt fe-tsegpience of data segnents at the append
point of the identified partition. WO 03/060686 PCT/ GB02/ 05420 19 Either as

the data of the context is being wijtte of onc of the data of the
context data s“fhreeﬁﬁ%égref?éréﬁam%t ’f”é’rji:te’fﬁ?é' %%éteag/ Wr&F’e HEPTS6F fzh

cont ext iz apdumedata the iepR33r rpticéndifhy sedmenifdy repenigeyinPs in the
updat ed pakthiiien. cHhaatat2gaédtean oy BeE ek | ddseaidrpdt e eadinitd € access

unit 32 sg...3s 1toﬁé§admkééseso&hee tgapeou%eppﬂo' 9@4 164;%18@9&%@5& o OF Gapi zation

by organizing t ata segnent ffer aSsoci at ed th the wite

access | oyi c&t 0&80@'&?8?‘“6”& rgthe ﬁﬁﬁe"rs V’ﬁltéiﬁ’ﬂi qr(?@l o b’éfcieéfsg% hBOrad’fi"ﬁl G
3. | n oneerbodiztendtorbbe mgdtan ils e tmosn off brebhecrdaf f&T ateesehebuytatidom
access dage@ugﬂ&@ag@rgmejkwmohnlg henimsta &fyf hedenbe Adenhafind e 88, paaht t he

Aol | cat | G Ner 66,570 Bk oF e e P Ve Bl P RO e, SR

n anot her nents are
written f‘?rdﬁ‘??rhérﬁ‘ﬁftfh&rb‘fﬁf%eﬂhe“ﬁ%‘éen&fed%?deétatt 82 BV P e P SR80t A6  es s
dat a stordge stedrgmmR8iud2S.data streambeing witten may replace or be
added to the existing data stream and, if added, is witten at an append

point at the gady ;?J Eléﬁeaan EXir%“%H/ t‘%'xﬁéﬁgeﬁ%ﬁ:@ orTB‘é @&?&%ﬁnﬁbﬂﬂé nt is

mapped, for exa rrse t edi nnj devi ce bl ock 150, 151

of FIG 5*&tHy ?ﬁW &éf‘éar“m Aed Me?dr‘?éP tiﬁe‘”’v”\ir‘itgﬁ aotpé"PaatfiPSH FIPhet WTte
access tedt he tharriaviiows lyasrden &dapl ctredappradt i ol nfevaegadat £k | f not
step 24lafiyed)ces ddmprivd tRe QRetatingNot @ BEE daeKiockOmMEeX isMasehirie .t Be
partition, step 225 |ocks the next context, and steps 230 and 233 conti nue

to wite
Step 240 determines whether the write operation of the. write access

to the partition has been completed and the index updated. If not, step
241 advances the write operation to the next context within the partition,
step 225 locks the next context, and steps 230 and 233 continue to write
the data of the next context. Upon completion of the write access by the
write accegs logical accessor, the control, in step 245, releases the
locking of the context, e.g., segments 170-173 of FIG. 5, to the assigned
write access logical accessor, e.g., “H1/L0” 60 of FIG. 3, and proceeds to

the next command in step 247.

As discussed above, in accordance with the present invention, the
control concurrently allows read access to the data of the removable
random access data storage medium by logical accessors, e.g., logical
accesgors “H2/L0“ 61, “H1/L1” 62, etc., of FIG. 3. Also, the control
concurrently allows write access to data of.the removable random access
data storage medium by multiple logical accessors as per the above locking

methodology.

An embodiment of the read access is illustrated in FIG. 9, beginning
at step 250, where the read access is requested at one of the logical

accessor, e.9., logical accessors 60-65 of FIG. 3. Referring additiocnally



the data of the next context. Upon. conpletion of the wite access by the

write access |ogical accessor, the control, in step 245, releases the
| ocki ng oWotoheemsent ext, e.g., segnents 170-1173 of FI G 5pCraGRASA8SI ghed
wite access |ogical accessor, e.g., "HL/LO" 60 of FIG 3, and proceeds to

the next command in step 247. As di scus¥®ed above, in accordance with the
present invention, the control. concurrently allows read access to the
data of the renpvable random access data storage nediun1by | ogi cal

accessor %b I?IG% '3 |6Ogllzgagte a£§'568§19é’ %D IH%!Z'E:OSr @.;:de}g wlll)l—l :@%’ﬂln%&%y 8 FIG
3. Also, the control oncurrentl)%géallows wite %&CF dl o data of the
7 p

r emovabl ErMITRT £OBEEY 3Fath FEE 61iGeSTEaT UM bYS FoGE

PcAf"AeCessor s
as per t heeatrauestedic kpmgpxt mbt hedtﬂeogydenaleﬂnbed‘ré}ieﬁt gihet fravegadi®dccess i S

il ust { atg@%fl’leﬂl@en@lr@%@kmlﬁg 1At St eprZdiamiee 4218 &x&ﬁdaﬁ%&§§1565 f
request ed .at. one 0gi € 0 s 0
G 3. RAPELT OR A S&H“‘% or‘%gﬁsfu%%ggo%%%%‘% 205} éﬁ? & /ﬁ@,@gﬂgg&l Ggl o 3- 6,
in step 2853uesthd. OBW 195 BFIYeHHRX 921D issmex JAt Tibd ab‘?lesfgﬁge Felthwift e

control %Sepfzstshehadatae:sa osagevdiidséaB0 to determ ne whether the requested
context is in the mediumand is valid. The request nmay conprise an entire

partition 420. oL, PALLL CHLAL. ARl A, dele  ANALIRY £OTRILRE nd! Dk EdBEA e

segnent or a £l f5 stream [P he ng segnent re(lq/_ueste
or if thearetfiest BForatten §5hor V| a “e? ﬂe%&g‘éeﬁ éns%tﬁp ?‘H’ §‘P%1r? 288 t hat
there iswae aml Lsb-dataor Ithet heledadia,. Imaexample pairtt ke eantettccomgrgsgala d,

the cont %Em&{ Eﬂethepgéﬁﬂlft&&? Che omest e 465 nkp A:égﬁengkzssléieaerﬁmfme@ in
step 260 -133 gr t he .i ndex %19::1 Lor &xapn le.;lf the

oyl n

cont ext crénb‘?ﬁ §8§t%‘ §‘er§’r’féﬁ?s |an9f?1ué°8 rEPETEH, OF e “Focatt on of "t hat ~Segnent
423 is i dantef ithet sephenthéscimpexiisdontd 3€s dat@rseerﬂeeﬁs §e%ridAt 6P Pxdat a
set, the qpastddii &N tnd26k-0fi  idatrs egeRNMeteSnimdant iddeetsr afith alhk datuance
segnents far r rr data set of the partition are then determ ned,
t oget her 4v%/|9t?1§ Qﬁgesegesc%%genn%es' 422 of those segnents. In step 263, the
control, e.g., read/wite control. 35, determnes whether there is an

exi sting | ock Mostdrhads cohbesdantrobari-ag rhzd/vwhee dopgidaPs adeessvirehavi ng
wite ac%éﬁhexetﬂere |1ggaxcaklsﬁ(ﬁ§emr £&0 thst lcosked, homingidmacaesess to the

[ oaMeSt PG GO Xl e o AL ngfwr;ggtac% BLeXlg | hogRfa, tNReLERM 68CELS8k
failed by Phe con th ere ort
for write access to the requested context, or part of that context. If

so, the read access is falled by the control in step 269 and the report
made that a lock has been encountered. Any retries must be managed by the

host.

In sequential format implementations, it is not possible to traverse
into, or to be logically positioned within, a currently locked context,
since sequential reads or explicit repositions are failed to the host.
Hence, an encounter with a lock may be reported in step 269 as a

specialized “end of data responsge”.

If no lock is in place for the requested context, the partition is
read in step 275 by the read/write access unit 32. In accordance with the
present invention, the tape or optical disk sequential organization of the
data stream is simulated in step 277 by organizing the random accessed
data into the desired sequence, for sequential access by the host. In
read accessing the data segments of an identified partition, the control
additionally identifies any write appended data as the identified

partition.

Thus, in step 275, the data segments of the context may be read,

(a), in the moét efficient order of random access of the random access



made that a | ock has been encountered. Any retries nust be managed by the
host. in sequential format inplenentations, it is not possible to traverse
into, or WO obBmedesgi cal |y positioned within, a currently | @echaBoconext ,
since sequential reads or explicit repositions are failed to the host.
Hence, an encount er with a | ock may be feported in step 269 as a

speci alized. "end of data response". If no lock is in place for the
requested context, the partition is read in step 275 by the read/wite

access Unjdy32. kA aeceatd@eeeré/a th 4 Iaeffem eseNt, bhieRtidNastNeetaRe MMy
optical.- di sk sequent :%g or gani zati,on of %d data stream is, sinul at ed |n
t H

step 277 B¥™ Orjd’aﬁF‘az‘i S FARTASRT accdss & "FaCa"T RPE TRE! 08 PR SEqiience,

f or oequere b@ifegecess by the host. in read acceSS| ng the data segnents of
an identified partition, the control additionally identifies any wite

appendted gat ﬁm@sst nbdestt attae@egttattltﬂ ®he dt;*egsstreg? sltsfefae&ﬁmédteydat af
segnent s e con st e order o
random ac sie%‘fanf?tém ?‘Ilggé? cfc§§§ LS} t@r&%{‘) FC%J’C%@QFO ﬁggl um
and t he ddt 81&t 6r edhienlecaydpt eaf, the d.l:—”stbdﬁf:ersese?ntaef aé@esete@? @ted then,
in step Zffeadh,S addildRy€at@of).of bBye NMRRAE bifOIESE &a8h 4 B HUEBERichB T he

buf f.er ty & eam.i 1 ned by
t he seque% eélﬁc%n{%)g?perﬁ% &?%?h%%@]lgohgigégejf @QE?onS%Etor oféztaﬂgkﬁt ex 410

of FIG 62%hétYocation of the first data segnment of the common data
stream and the | ocation of the append point for each of the subsequent

segments is prﬁvgmeeyertﬂaeu@& OtB)bytttéteawcsetﬂna&sadﬁ Q88edRd of thhe
i ndex 41Q.. L oxa@ {T% )ch? the glaha Q&?r&%eé‘é %a%SCsec%gg% In
IS e ran al a

the tape Or op uence at the renmpvabl om access

st or age "t?&d?‘ﬁr‘?FZS‘? % 91?1{ eﬁﬁl‘efdﬁﬁo‘iﬁenﬁaltﬁteg fppradSof2 e WBLPRERE No-
Appl i cat icorioND.8s1 a7t BBH, irandgsdroreth bnfgegaeénce in buffer 56e. Once
organi zed, the control provides read act:ess to the read access | ogical

accessor for the_r e uestldngthost ?% tem 310, re]a'c?[ or Library control 302 in

step 280.. Step "85 det er m'nés p]t’cﬂ'l entire data streamof the

request Ha’§lf?é‘eﬁc?%'5&dr f9r hBe rege%ﬁlzeewgav%mee Re 1af* Gpsration to the
next contextrali Bh2 nin thep pant i tskop,288t @pe2ohedetitythienade wheirhedathhe next

cont'ext isstr!e% lé@dtheaggqéés%pﬁaszz)éen %LZd QHQfm,CQéEpi LY S at:!.gances the read
operation to the next context within the partition, step 263 determines
whether the next context is locked, and steps 275, 277 and 280 continue to
read the data of the partition. Upon completion of the read access by the
read access logical accessor, the control, in step 287, receives the next
command, e.g., from a host.

Thus, the present invention provides concurrent read and write
access to simulated sequential data stored on a random access medium,
locking one or more write accessed contexts, which are comprised of at
least a data segment of an uniquely identified partition, to a write
access logical accessor, and a read/write access unit accesses the write

accessed context for the locked write access logical accessor.

As the read or write media accessg i1s conducted in a discontinuous
manner, - concurrent read and write access is provided to the data of the
removable random access data storage medium_ by multiple logical accessors

- other than the locked write access logical accessor, preventing read
access to any write accessed contexts by any logical accessor other than
the respective locked write access logical accessor; and preventing write
access to any data which i1s in a partition which has a write accessed

context by another logical accessor.



read the data of the partition. Upon conpletion of the read access by the
read access | ogical accessor, the control, in step 287, receives the next
comand, wWO@3/06de8Om a host. Thus, the present invention pPeTiGReg/osancurrent
read and wite access to sinulated sequential data stored on a random
access nedium |ocking one or nore wi @ accessed contexts, which are
conprised of at |east a data segnent of an uniquely identified partition,
to a wite access |logical accessor, and a read/wite access unit accesses

the wite accessgdioORt-exdntf Ohvdnbeod Qeked Whidiegacsesse QgL Gal-188£€ss0r .
As the r e&grig Mel ?s%g!i.rﬁm%gcleesa% Iar?d %g{ligeUCtgc?eslsQ atodlu &%@t ! Q%OH§ h manner,
concurrent read and wite access i S prOV|d85 0 the da a 6f ? e "Tenovabl e
random actREEE THERSIGEAGS et JAPBY! AEFIISPPITBgFe A%t §S&E R} her t han
t he | ocketraseste détemsnt olfiteatetac casisprovigeeventlaigpdr eas: cacpessal diany
Wite accesseftankexdss By a&NYeds@0bahoaCceSaQ aother tharend RB1E6SRASHI VE

| ocked wife aceess.10apcal.qgeessor; and preventing wite access to any
data which is in a partition. which has a wite accessed context by

anot her | ogical accessor. WO 03/060686 PCT/ GB02/ 05420 22 Thus, the present
i nvention takes a#leatt afeskofl tivethmiart perdeotianddibtngl tdraativscomtdingous
read and widrenpneaessey b dibldyese inderhighlcapaedvd ARERPA6RRS St Ofnet he
random accegssNB Wi {0 RLAWHIL £ABCHLCM 288 GRS, L, dsIJoeggf%n éageaq,set S
and provides sinulated tape or optical disk Sequential access 5 at least
one host to the data of the renovable random access data storage nmedi um
Those of skill in the art understand that alternative mapping arrangenents
may be enpl oyed, and that alternative arrangenents of the LUNs and of the
random access data storage nedia nmay al so be enpl oyed. WD 03/ 060686 23

CLAI M5 PCT/ GB02/ 05420 1. A data storage drive (30) for providing concurrent
read and wite access by at |east one host (310, 312) to data storable on
a renovabl e random access data storage medi um (20, 25); said data
conprising a plurality of data segnents (170-176, 185, 186, 150, 151, 421),
at least sone of said data segnments conprising at |east one partition
(420); said renovable random access data storage nedi um accessi ble at and
renovabl e



fromsaid data storage drive; conprising: a plurality of |ogical accessors
(60-65), each said |ogical accessor arranged to communicate wth said at
| east onewbaswedess read and/or wite access to said renpvablGBrastom
access data storage nedium a read/wite access unit (32) providing read
and wite access to said renpvabl e random access data storage nmedi um and
a read/wite control (35) coupled to said plurality of |ogical accessors
and to said read/wite access unit, said read/wite control: responds to
said read and/or wite access of one ofrsSakd | ogical accessors to one of
said partitions, identifying at |east one said data segment as conprising
said partition for said access; upon occurrence of a wite access for at
| east a data s@giffit StORI8aU PAEN | FPearpaiting wnchyronereid sed drieyi cal
accessor saccegst bplatshesst ase aowr i Beoacuessed devntextablat oh eAgtnSable One
el d B e e e el el ias ™ | For oaid
said wit S cont ex 0 i e
wite ac leus%;%g eo(r%a '—ieés)a Sar ¢ nﬁtaaglla’ﬁi %?é; éggc’ezgsuﬁ’lsg "tolactess aitd*Urite
accessed EYHt Bkt°FGr I¥E GeFREke FWPF t T rdcredg2phensf Parai BidrogRedls said
accessor sremyRely renddny agpersatiesa sapchgecaetivmi §@castigieS atiNddd tancPbeM de
read and/ oforVebi® dacsesorhss sgdbdd dafgri@ingal d [ﬁm)vab!g lrgrclggm 3;??23 data
orage nediu i-d L ogi ccessar an_.sai . _
chesg one ofn%gii;ialg%{o&e{ycg l%glégagls%rg%segﬁfsevgsﬁt ?Eh’g Fead “Actess 1o SETTFFite
accessed TORPER? tﬁyc%[%anL‘é?ﬁec‘é{’rt]‘hééééﬁﬁr1%ﬁsl’ie?n€t Raft TR d- g3 R ofr tige
access on¥EEssH dafdglararadecessionsaceand dateventreag medite access to any
data of said | ecked/witkeaazeeSsmipalid)t pesviakng deda rppyalLsdosm access

data storgage Bﬁﬁﬂﬁmbka%&?racw@s“ﬁ@i del, a@%egeWuimF €y CESS one of said

| ogi cal accessors,; ?vpd upg?r%sggpgl etron of sald wite access by said | ocked
a

Wwite access one ofs&rd 355cTRESTT &0 FHIRREERILEY PT) HeKicAy of said

Wite act¥sSeertontea st sapd/ rotkedeawrs meinccesd wad/ ofitsaiahtkoyi cal
accessory. WO 03/ 068666nd4 BCI4BR2ADB42Mb2 wrA datsest OF agR 6f isweq (30) as
cl ai med i 1bg@hal Moles QN 8 RSl sal @AW LA CABLEO) £ 4 BD)xe 2dditLONALLY,
upon Occu&a!’t%n(s:eegm%];lt aasr %gtglpral%gr?gsssalg partition for said access;
upon occurrence of a write access for at least a data segment
of said identified partition by one of said logical accessors,
establishes, as a write acceésed context, at least saild one data segment
of said identified partition for said write access, locking said write
accessed context to said one of said logical accessors for said write
access;
operates said read/write access unit to access said write
accessed context for said locked write access one of said logical
accessors; )
concurrently operates said read/write access unit to provide
read and/or write access téAsaid data of said removable random access data
storage medium by other said logical accessors than said locked write
access one of said logical accessors; preventing read access to said write
accessed context by any logical accessor other than said locked write
access one of said logical accessors; and preventing write access to any
data of said locked write access partition of said removable random access
data storage medium by other than said locked write access one of said
logical accessors; and )
upon completion of said write access by said locked write
access one of said logical éccessors, releases said locking of said write
accessed context to said locked write access one of said logical

accessors.



one of said |ogical accessors (60-65), determ nes whether said read access
is to a data segnent (170-176, 185, 186, 150, 151, 421) other than said
data for wbioslémscess i s prevented, and, if so, establishesT/caasnead
context, at |east one data segnent of identified partition (420) for
said access. 3. A data storage drive (3 as claimed in Caim1, wherein
said read/wite control unit (35), in identifying said partition (420),
additional ly organi zes said data segnents (170-176, 185, 186, 150, 151,
421) of said pagiid isearige geguenz® heorclségereriri Glaiactesbepsinsaidf at | east
one host (330,134 one 20, (35N, RuBYERLLNG, S@bsh beakrateLsF & reddidbonss ey

access context, additionally prevents.read, . 12, SEONEALS:
subsequeft®i ¥ §’3f'%dl§gﬁﬁ%n38 6 sai %tomﬁ)t'egc%%ﬁg?(% b A

4, The dagg st or age
drive (36F & acPataeaIrerta(aTnt1s: Mher 6i%f’ sii’d *HealfWr PERSCERATT 67 Unit, in
Wite accessimg saich datssbgmeatented7nti76if se83:staghishes) as15Eead21) of
an identifhed.papt 1200 £A203ta adghidht osrlahyidendentedf b@s ianorappend fpoi nt f or
t he next seguenti al segnent of said data segnments of said identified
partitiof® WiTE8" appended data to said removabl e random access data
storage nedium (20, 25) in a random access sequence, as data segnments of -
said identifizedapartbrasndrived (Belenei $iadzed drdCiipehdedtedzi®asas® cont i nui ng
Sgi d Sfeqli%agﬁnxqfte&@é:ﬂroﬂaﬁ@é S@GNE NS i @éntSd@i thoappah dapoitibn of428ai d
identifie artition, . ; r LV JasgL| apgredsbn 1Ghai m 1,
wher ei n saafigtlﬁnﬁyé%\if iofcig%al%gr%lt%l g%lt% ?12 é&% @r7i()§p)6 a§seq ent i.al toIthjlstset of
random dcdesy datd Beehhents™ £78UET8, “I85° faejigﬁfeﬁ%%? szfﬁ%)a .ang '
wher ei n sakdhosnddia adtdss adat dnspeavagelngedthirezd 2co53° FRySAEEnPritse
addi t i onalcce pardoht é:01)S a{d2Apndiayi pupvehte lrand adéor tal 47er datd webyerdsr anged

data set s, and wher eins SaidesRadl Wali 56,50t dpkektili t (35) additional ly
conprises an.  1ndex identifying said sequentially arranged partition as

such. 6. A data storage drive (30) as clained in Claim1, wherein said data
st orage drive The éaupkedrass &iyleuf)i &y Iriged dnHoSt® 131B°Te3122 %her ei n
separ at e eaegwifreh@aitsonneiias sioc vattedantdshise paidtdatanegmefit s diL#0 113§ cal
accfs?gg ?8(52818?5) 1£<p,|r 19K | t491ﬁ®@§§,id@ﬁgitm§rﬁrmi§@and (£2ad/ maiytgoxcafmw F! t

uni addi tjopally assigns. sai | acges tality
of | ogical acc’é’{éas?gjr%'::1,6)4'5%1%1 d Pg?’é‘% Sﬁ%n;égﬁa?glgdn%%oge ggg%e%% egllgi d Isgélacal
accessor 243 stRImarEY i EH- S afertR6std EBRPriSthg the source of said wite WO
03/ 060686 25 writes appended data to said removable random access data storage

medium (20, 25) in a random access sequence, as data segments of said
identified partition; and
identifies said appended data as continuing said sequence of said

data segments at said append point of said identified partition.

5. A data storage drive (30) as claimed in Claim 1, wherein said
identified partition (420) comprises a séquential data set of random
access data segments (170-176, 185, 186, 150, 151, 421), and wherein said
random access data storage medium (20, 25) may comprise additional
partitions (420) having similar and/or alternatively arranged data sets;
and wherein said read/write control unit (35) additionally comprises an

index identifying said sequentially arranged partition as such.

6. A data storage drive (30) as claimed in Claim 1, wherein said data
storage drive is coupled to a plurality of said hosts (310, 312), wherein
separate ones of hosts are associated with separate ones of said logical
accessors (60-65) for write access, and wherein said read/write control
unit (35) additionally assigns said write access to one of said plurality
of logical accessors, said assignment based upon the one of said logical

accessors associated with said host comprising the source of said write



PCT/ GB02/ 05420 access, said assignnment made only when said identified
partition is not currently accessed by another |ogical accessor. 7. An

aut omat edwoaBacwseOr age | i brary (300) for storing and retriPeTiGRp2/05£2pe nedi a
(20) and renovabl e random access data storage nmedia (25), at |east one of
sai d renpvabl e random access data storage nmedia storing data conprising a
plurality of data segnents (170-176, 185, 186, 150, 151, 421) at |east sone
of said data segnents conprising at |east one partition (420); said
library cQupLi SicD9i 8sRdMedt idake ni1st Mageashebhyas r{3# 2pri Oricat Df inng said

tape media and . for storing said re bl ndom access data storage
medi a: at“FEERT Y oRE G5t A 2t %Irlog%gr 'roiggégl( §g§£%s clainmed in any one of clains

1 to 6 for providing concurrent read and wite access by at |east one host
(310, 312). to datacskosediaon sardsatl ibwast (N9 fensvebing rethdehTiEyéess
data storage fRdhUfBest 9id Rgmslabae GRARGH SicBgsA dptalrsebidge aéadat(asisegment s;
at least oig, r9ole (354 - AB0doikOLa R0l LdMsaNL L el YL Mas@i oL aRe antiPdi
and for stor| ng and retrieving sal rem)vagl e random aceess data., storage
medi a at SEPH-EEEr age sHeIVedt ahY FEFTSadt g A glé'm)w hg sai & 'r éfidvabl e
random accesslgatasstorhgeidedita taumapes roprisand adat st oragertdrirve; a
l'i brary canbfolsab 302k re8pRbaskis@nsai d robot and to said data storage
drive, for opera ﬁpag.ﬂ??léjf 00t Oh31,0L €32 dogt FdRYRy RLE {RREnedTBER at
sai d storage sahé_’ ves, 1o store and retri eve, sal d_renpvabl.e random access
data st orgesHEdra St IsHTPVEbT AFe TharvEs, “uid> TG Foad and renove  said
renovabl e randomleztesse data HOoreR)EriErli (30t Gaptrifedm s 3FY W5t A Sffhge
drive. 8.1 AcnethedpfetapipbaintgetDrend rnt wrigadeards i be Besbssiehyost

| cast f“&’sl*aﬁ)sélzg?"é&dag%?s)zto&@d dal gu:5 0f AlL6: QR dTRIRD &elg@nd@&asaccess
ata storage nedi um - -, sai ata conpri si . rakity a
segnent s S¥F7BEF7ES MESET™ f‘gé?meB?talng‘przrﬂ% ?a{)ﬂ?reaaégy s%grreét})af S(géa[?e @%:I'at a
segments conpfti 3EwAF ape |xeRstE Ghé PR | 19roRt 4 2e)ands 5P IFEA &BLS FPRAdom
access dakeliiaSird age sEBLinyRALC cessidylieg ataidmemoeaheabimiohr amregs détta st or age
drive (38Qﬁora§@'|mgdg§tah_ogaltﬁ) gp&#a%:e nsg:.tetlbigs Stepscef 10@&%3%?2%(04’5@3 @ag d data
storage drive as a pluralit ogi_ca ccess - . gfach. sa

| ogi cal a’%eéf‘(?g%%re 5?rrpéé’r‘?gaé%f:et% %adtr?nﬁ%rgg? eme\z/a\nl%ﬁto g%?(f at ﬁ@eas(%a one hogt f or
read and/®#iv@fite access to said renovable Tandom access data storage

medi um i n respanseatyocantread(3d/ orupked tte exicessbasf aghdoofaishiddtd ogi cal

storage drive, for operating said robot to store and retrieve said tape

media at said storage shelves, to store and retrieve said removable random
access data storage media at said storage shelves, and to load and remove
said removable random access data storage media to and from said data

storage drive.

8. A method for proViding concurrent read and write access by at least
one host (310, 312) to data storable on a removable random access data
storage medium (20-25); said data compfising a plurality of data segments
(170-176, 185, 186, 150, 151, 421), at least some of said data segments
comprising at least one partition (420); said removable random access data
storage medium accessible at and removable from a data storage drive (30);
said method comprising the steps of:

arranging (450) said data storage drive as a plurality of logical
accessors (60-65), each sald logical accessor arranged to communicate with
said at least one host for read and/or write access to said removable
random access data storage medium;

in response to a read and/or write access of one of said logical
accessors to one of said partitions, identifying at least one said data

segment as comprising said partition for said access;



accessors to one of said partitions, identifying at |east one said data
segnent as conprising said partition for said access; WO 03/ 060686 26
PCT/ GB02/WbB42060spOn occurrence of a wite access for at | @asiGE20508
segnment of said identified partition by one of said |ogical accessors,
establishing (210), as a wite accessed context, at |east said one data
segnent of said identified partition for said wite access, |ocking (225)
said wite accessed context to said one of said | ogical accessors;

accessi ng (230pors@acdunwente Fceessidd zossexiorf st 1$aF6 4 Seked=astte°t access
one of saj g l:08hGalcGHeE 01 b MRCUST eaLd Yioak tanwkngesseas, astdr siiid e

aceess latfordd dgle 38Llacheimabl o AN A0Gess. %@EQ sbeEages nadisum by
ot her Sal(2:| dgical "Taccessors than da | oc eg%c\qérllte ess ;one of sai d

| ogi cal &Bewddded Parb’r*e‘@@nf?’ﬁj%%é@}“? E58°Hec Wit & Accessed
cont ext byceawypd| ogiteat toaeziak soe Lot dkt 19%%%“@3?%‘&% wite access one
of said | ogi cakce?268SBB0S; saARAwitRYfcisBE Wohtextatoessid Ologhyd dat ge of

sai d- | ocked |%e ofag%edsslo arhi LiQn.ofs.sai d renovabl e random access data

CeSs
st orage redr U an sail ed w.ite access one af, said i cal
accessors; an&°ﬁ%ﬁeﬁﬁjr?blaé]r?“blﬁ‘g ‘feagaf"HJ(V\fl‘freltﬁcaccecss Et §3] d%l %%%fds%/\]ir%?t

access omemcwsblsaiaddppgiceats Aetesyerage F“é‘li{éﬁsi"h@t(ﬂzﬂaalga}‘i?lf:%kl ng of said

Wwite aceessedsconhexdid Dogaiddwtioekedkaskidre atceds brecel agaeshbdregi cal

accessor xgent’AT%TEtzlagp 1%§dcéc§yeg§q:d B %Em;B ac¥nial forsake 5t epy abgical
concurre t? read ad i tional Ié/necggp algefdglggpn occurrence

of a rea@°“HEE]S t@firo‘fﬁ?‘no? sal ogl 'eal® accessors, determning (263)
whet her ~ gafebsoreadndceey st g aratedat:%ﬁ%eamw PhePE (AR O5FGE IXEEE f or
whi ch acees&sd sartpreventfedaidmdpovabls ozandgh algkpshidaga (2853ge asdiaw bad

context, o@fiezl easi Lne 161‘?&3@ v&%g@'eemcegé A8 bilentd ficgdc-Paktiddsons f anasai d
access. 10. rTEt hod ? 1.on aj, 58' N larpcgss \@Peéag.ldnlécﬂﬂeq #1188 Q«Lfcecss one

identifying SBfd Com ¥ i ona es organizin sal dat a
segmsntsoéfsa@ai%lglp‘*&ﬁ-t?cﬁeéﬁoﬁ"i SRfREheE 126?) §€h‘ﬁé‘7‘?ﬂ‘ﬁ% Sécsé's‘g *§ai d at
| east oneccésst], candxt it said letleyl ofittoncerasentd ;wfaﬁldvvﬂmgjlcﬁéad access,
preventi ngecesak-d read access to said wite access context, additionally
prevents read access to any data segnments subsequent in said sequence to

said wite context. 11. A nmethod as clained  in CaimS8, wherelnS|d ste
p
of wri te9acce§%W?EP°d as claimed in Claim 8, wherein said step of concurrent

allowing read access, additionally comprises, upon occurrence of a read
access by one of said logical accessors, determining (263) whether said
read access is to a data segment other than said data for which access is
prevented, and, if so, gstablishing (275), as a read context, at least one

data segment of an identified partition for said access.

10. A method as claimed in Claim 8, wherein said step of identifying
said partition additionally comprises oréanizing said data segments of
said partition in sequence for sequential access by said at least one
host, and, in said step of concurrently allowing read access, preventing
said read access to said write access context, additionally prevents read
access to any data segments subsequent in said sequence to sald write

context.

11. A method as claimed in Claim 8, wherein said step of write accessing
said data segments of an identified partition additionally comprises the
steps of:

identifying an append point for the next sequential segment of said‘

data segments of said identified partition;



said data segnents of an identified partition additionally conprises the
steps of: identifying an append point for the next sequential segnent of
said datwosggeomess s of said identified partition; W 03/ 0@0E8B02/H5420

PCT/ GB02/ 05420 witing (230) appended data to said renovabl e random access
data storage mediumin a random access s€quence, data segnents of said
identified partition; identifying said appended data as continuing said
sequence of data segnents at said append point of said identified
partition. sai gefZngAmRl hgﬁbeaaegldaicm ggl@rahaoaﬁlem%a{ n.galdqbdentified

partition . gouprj seq ial data set o ndom access dafa segnments,
and V\/ner(sal n g’g. dﬁgﬁ omga%agntra%xsn data” sstegu%ngéa"rr%a CURTHRY 8 StpPise additi onal

partiti ons %Fh@d SPRFYEF2and/ or al ternati vel y arranged data sets; said
met hod addi ti ohdddtyfriorgpeasd rgretedsdap of gvatittudhai 93¢ daseduadex oEOsEaJﬁaCh

of said paitd te@RmitsSH GaidARHehd@BELT %Enga.laaicﬂanQQi%%nEéﬂ eYo2r ranged
partition as such. 13. A nethod as clained in Caim8, wherein said data

storage drive is couple to a plurality of said hosts, wherein separate
ones of hdsts ArEt hﬁ‘%sa(‘f‘ci:b‘"l”é‘ﬁd\/\irt [r1aEh&r ateraifesadd Jé’é%llﬁléélmtlém?essors
for wite dwreéses a aeaiienhizleidatz el wietrhotbraddidsiofetal yegenps 288 the step
of assi gnimgetnesaiaf ramiofl d2gksalataCoRssed et aaﬁ%%a.sl&aﬁéit'igﬁﬁ the one

of said | Mtgaionsag%@og§ma_ta§oaq4d%§dalveae;,§t§%ﬁd, D98, oMLl sLNg The sour ce

of said wi assi gnment na &a %Eent’l?l &d
partition e Aot o hordr éEYlﬁPmBE %g‘geﬁleoﬁt%BFH@mF%ﬂP@al arhdgggs dpr each

of said partitiomns, said index idemtifying said sequentially arranged
partition as such.

13. A method as claimed in-Claim 8, wherein said data storage drive is
coup}ed to a plurality of said hosts, wherein separate ones of hosts are
associated with separate ones of said logical accessors for write access;
and wherein said method additionally comprises the step of assigning. one
of said logical accessors write access based upon the one of said logical
accessors associated with said host comprising the source of said write

access, said assignment made only when said identified partition is not

currently accessed by another logical accessor.



