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written as sequential set of strings of data.

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



data is added to the data set, it is witten at an "append point" at the
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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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manner . SOEERIBTI AN TEESFERS DRAW NGS The invention will now be
descri bed, by way of exanmple only, with reference to the acconpanying
drawi ngs, in whiehiriWdD35060686cLRCAE GBY2PEIm42(h a data set, the remainder

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

and

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 sequenti.el 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:



5 FIGS. 1A and 1B are diagrammatic representations of a prior art tape
cartridge and a nagnetic tape of the tape cartridge; FIGS. 2A and 2B are
di agrammewpD@3nepsesent ati ons of a prior art disk cartridgeTarizassrard
magnetic disk of the disk cartridge; FIG 3 is a block diagram
representation of a disk drive arranged5i n accordance with the present
invention; FIG 4 is a block diagramrepresentation of an automated data
storage library arranged in accordance with the present invention; FIG 5
is a diagr amm&iég. n@PLESaRt atd QNapfankhIFLeiRBSATHEESs \hi é:fpribfiesgﬁ:i t3pe )
partitions_and data segnents on_a rapdom acc a storage nedium suc
as that 6fF°H faaf% 3n‘%9§‘§,£1°\,\/%f‘8% ‘:ifsglgerrﬁflg%ec%%g\ﬂ Iéf he present invention;
and FIG 6 is an illustration of an index which may alternatively be
enpl oyed i n acces daacendvzBhatchdipresentici naersrorptifhGeLf 7, pr8onmdtodtke
fl ow charks. dephcling erRodidmals dbxide aPidiod ctzide,present i nventi on.
DETAI LED DESCRI'PTI ON OF THE 1 NVENTI ON Referring to FIGS. | A and 1B, tape
data storage nedia, typically enploying magnetic tape 20 in a cartridge
21, is well kidGn ¥ éF 3t3PFhGLaPEIYERiEAATTAGIER UF 2d&tsK EFtiscieresgd As
di scussedicabispce Gfthcele gisdentdatv@nsti@r,age simlarly stores |arge
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storage capaci'ty 04?95’ h& bcl@aﬁ]? tdrlﬁgrgaer“. rﬁgreﬁlers“g::%slgxeldoaig %vaeu,t?g%tc%sga’iao the tape
or opti catorhask 1 iknaryr #H§eded 18| eRgoramrEe BHde “PALTEATRY: cAY i EYe 21 is
retrieved and | oaded into a data storage drive, read or wite access to
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"BOT". Toedtwesych #sdekity 68 Efa PeprdiiPe YRFE % FREWRotid e FHRESSDt
| ocati on iafeddiendesiared data set, the data is read until the next data set
is encountered, and the tape is then wound to the |ocation of the append
point for the data set. . The data transfer_is jnterrupted i.l e the tape 20
i s being wound¢sihd8 arhd-{gléitga%é‘?? B& FedB T giﬁ%cf%ga%eaéi%reg%%dg‘tglg Is?)%t V\Ei l e
t he tape smeldusidnip \WECOB1a066 686 PET SR04t ound. Opti cal di sk
systens al so provide relatively sl ow random access

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 compriseé
lengthwise linear tracks 22, and is typically rewound to a prédetermined
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



bet ween tracks. Thus, many tape and optical disk systens provide extensive
data buffering systens to provide the data as though it were in a single,
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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



7 the transfer station only provides a data transfer interface with the
cartridge containing the drive. Hence, herein, the term"data storage
drive", "api03®60686 r andom access data storage nedi um', "poPCahliB®2/05420
cartridge", "renovabl e random access data storage nediuni, "random access
medi um', etc., all refer to arrangement$ of a random access data storage
medi um together with the data storage drive to read and/or wite data with
respect to the random access data storage nmedium In FIG 3, the drive 30
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i nt er nal arran enent Xﬁext rnal or i1nternal comand to a P urality
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of separ &8 /"BoFTEF2G n’ﬁ SRR BRI SO cf‘écr"rhtﬁ%lfﬁﬁy’feadliwn &4ch of
whi ch nayr#emsem deed y uadelr ébs etbnbyelhostadXfrittgatoraddt éSseshmmay be

provi dedif@f: /easdut! @gical, Uhich W thsdspech-rhe easfbda9§éd t@Sties under st ood
by those Qid/%zléh‘ée cloﬂtrttoqe Q‘rft E&%@vﬁosgogm%%dg?an OrQV!.Ltd§n a%gr eso%nedm; Ogl cal
units conpri'ses a vir addr 6ss pal% or-a "nexts er m nol ogy.
Herei n, the rﬁéﬂf&“&? FRET} r BOAITOH RSB Nsa pRd ftﬁﬁn%‘&éﬁ”?ﬁ)§ﬁtaarné°éach of

t he Iogl eaaimpl;lmtvatoomﬂpedtt@ tire oclrosdrel Bosdef 31ed3as. an "accessor” 60- 65,

or as a "logical accessor’ If Vi rtual address paths are not errpl oyed, a

| ogical unit, such a LUN [ ar lo i ¢ uctur e IS o_defi ned
herein.as an acgéagg/zvf'mte can? 1'53g1 al “ACEeTS or":’glc"l'%5 i TYRE ‘F]th ant

exanpl e, T¥¢fViRY tcﬁa‘lf‘a%i&df“é%§°ﬁa:tpﬁ’r%)tfmﬁo§1te ma@wztamfwr:wi eatt #ai end 45

conpri sescaceess @betiXict hecay kedneal s addness patdomoicdeestdaddd 3dsragad | ogi cal
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.



unit O 45 conprises accessor 61, etc. Data read fromthe data storage

medi um by the read/wite access unit 32, or to be witten on the data

st orage re0ioansoesmy be tenporarily stored and organi zed i RCa/dBoROS2050. WO
03/ 060686 PCT/ GB02/ 05420 8 The buffer 50 may conprise, for exanple,
separate fixed length buffers, or may e arranged as separately accessible
variable length buffers. In accordance with one enbodi nent of the present

i nvention, each accessor 60-65 is associated with one of the buffers 70-75
of buffer 5 and any one of _t r cDer 888 Ohgdn nR@deandber
wite ac?éesgﬁ%foer 9%&%@%%“{?5%?%’ :}gﬁg%%ﬁﬁg%ée%g%ga t or age fgedi a, as wll be
di scussenky herairpageers TRECHERY efTPITRI UMY e 306 %eélﬁf)ri $6s°T drive in a
tape library system such as nulti-host |ibrary system 300 of FIG 4. An
exarmpl e of a 1fapecldhlarytsysiermbsainber I0BM 34 ddeRatrai Stearage kbdirary. The
tape |library syst my_co i a1 hr 327 3vyeChy, dzeoVvddes
connect i %%C§s¥%:? sz)fglgr]eléss S?%e@%\%%ﬁg}ét%%%?éh%%%%%ds({rgl tinle storage
drives, #mtREUiMmg PRPESIFFSAEECTHIRY NfofFeIIRAT, TR AEUSF dHnce WTR° an

enbodi nette @Eméh@1present doveentdaon, stohesy aadimbee WaAdemmddeewssddat a
storage fLiMe,3Q, Which may represent one of a plurality of drives each
nmounted 1n a portable cartridge for storage and transportation within the
library, is also mounted in 'the tape library system 3?0 anggagnnect ed by
library contr8he 3892 $i6589% GRNETPorEPE38°° 33546 thé TBrary control may,
for exanpyeem, beudhi bs enuChirioet , 1i8ESty sortSeBPalof BEGr 4ge A eFTPEEL T @
(SSA), ag,Jmy;the, demge: £anaeshi ons: pdhe sdatayest.on:age. Nemieatageot h tape

and random access . data storage nmedi f A 42 AkEs Stored in
storage SHHNESEES™ “F?B’uﬁ?mep(fl?% inﬁéf?%}rg Cr:(!aﬂct s 350. I?oboérsO 354, 356 have

access toomwrbiors for al Leat the Weokesgs el Ik B4R S 55 E6I¥E or all of
t he tapeagidekesimndaidl iksge IRivdhenbt Bhawny, eodt riol 2a882dswie whes abusses 360,
362 bet weeh HQs1:S aaf3@19e o3 Ler@N @i A8 4P end HieheFaraBdr didoMeact@ss Hagar obot s

354, 356 store and retrjeve the tape nedia 21 Qre.and.ret rigye the
r enovabl ét‘?"?i‘ﬁao‘?ﬁ”ﬁc%%ﬁ’hﬂ%ﬁ B¢ SPAGE e |ea°(%:aarL ???ﬁ?egg’z% g?lt,he?stor age

shel ves BdZtednih o poxtabhe Fehpidee hier FERABELRY FARGRN SRS ditd St%r age
nmedi a cafifidgesis bosanduhtamibheedatme stioraagestienes ®0andrdnbedddand
remove t t ape La 340 and fromthe tape drives. The robots may be
adapt ed ?gb]iarr ncsogllce)cg? b30th tape nmedi a and random access data storage nedi a,

or may be specialized to handle only one type of nedia.
‘ 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



During read and/or wite operations, hosts 310, 312 are connected to the
tape drives and drive 30, and the library control 302 will conduct

novenent wormmedss f r om several hosts. In accordance w th. PCR&GRIROSENT
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 the virtual addresses
of the accessors 60-65 or of the drives, using the direct signal lines
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format 4 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.



construct managed in the nediumitself, or, alternatively, identified and
tracked in accordance wth an index structure. Referring to FIG 5, an

ar r angenewo 00f06m86 or mat construct for storing data on a PemBBRIRIOSI20andom
access data storage nmedium 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
Pat ent Application No. 09/970,881. WD 03/060686 PCT/ GB02/ 05420 10
Specifically, the data is stored and mapped into constructs of three
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t he beglnnln nts_of all the device I on
provi ded®>FA € ?e °5nFJiFev?%e Brd R el ""Fﬁéﬁf‘ irQGheAde?é% g E‘?Fé‘latcofr%t ruct
is recoréé%lnﬁérrpm sPevrad plaghallldevi bethb|wsk ofap 1REarwiddeescikd@ader area

"COBM' 128rmaftd fiawi 89 Ahadeast Qe cthabalnideVirgeoht Gekul@ae ey &DE"
130-133 fologagh Leahan 1bach, 0laBRls. deyiae Blackael elipnt A dentifies the

bounds of  the data recor , correspon |ng egion In of the
sequent i 5]1"? foﬁ‘i‘]?FbéP‘é?fHSB@%’él PRBCPHI% PO U?EB T GBE]ﬁsnﬁﬁ ¢&fes the
starti ngrppiont znvdisipevided he a rregl@ndﬁwcpebmkohan hepgwrgite@l sectors, and
may conprise format specific information, e.g., for performing high speed

locates or fOB ge%ﬂéll%lvgg C%%stBB@MS %eﬁ tcagm \]lf‘lil.gll’_.l:g aoclka%&\ﬂ }_rgcéQeBM_'l_hiBg I's

provi ded._whi ch ri ses e lnit
" FDBM' 1%5’%%? rJr§ unerany 8 GurF iRy “ﬁB?”i‘f’aflz%?éld ARy irg Motlegpidared, and

i nC||Jdesgth§1|@nw;pa|bqygkt¢k9meuﬂ “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



each GDE, identifying the starting point of each region. A first |evel
construct is recorded conprising at |east one format identifier "FID1"
141, and woaeBes@mBéy with a second, redundant fornmat i denPCriGB02/0FH2D2" 142.
The format identifiers each have a pointer indicating the |ocation and
size of the second | evel construct, thelglobal device block map, in terns
of the sequentially nunbered |ogical sectors 27 of FIG 2B. Still
referring to FIG 5, in anot her enbodi ment directed specifically to data
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i1l ustrated.2%:COMPLLAAAad dibe: |deBaL §PAeREE, ohhe data and the

constructs are recorded on a random access medi um and are distributed

anongst the tracks and anongst sectors 27 of FIG 2A in any appropriate
manner. The | PhEmugbegtientiatiedf oy rarrristiag is taddiltherrakbyuagcganiheedhtian a
stream obndata segmentts 170-rkébraddodlS Patent aAppki xﬁe&iih@n -Na. 2:Q9/ 970, 881,

the datass@amBpiss ahéndLr PR -dew 68y RAG ﬁgts sethgl Ll 2 of 3¢ dat a

segnents 170-176 are no greater in sizet none o mhlch span a
boundar y *BRtREEH® BBY?Te bl ocks. Further, for each of the device packets

of a device block, e.g., device block 150-151, a device packet header

el enent " PHE" Ths mheav:'r deduddribhercdayt cachl 0ckadieades11yDBHanl 8 181, In the

. I gL85 d
nstant eXAlmml 6 dllg A H9AMBOMDL! 585130 A0t £ BLOGKS ok it A

t ape sub: g)l ocks devi ce packets ar reater in
si ze thaf"a F5pSSUBHi 6Ek T%ed avnfti’de?kc?ﬁéT'I FadbEhoPP'spafita daB%)undar y
bet ween #eicges b17@ckse aThus, gdestiscelpadketthat 7 Jindnaenk74£ splich spantape
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bet ween dev. 0 0.and )l.RC sugh ;that devyi ce acket 173
isin dev?caleg%Y%y(:e B%O%S aéo]l dgg?/lcc%ebl Ei%ol% Se GEVPEEhI6ER Ji51 The

respect i VEGBYI FEED aﬁ@?oﬁéjﬁﬂdn éP’énjc?r‘ﬂl%e "HpRER h&ﬁée% RBBHE 280" ¥$ovilted in

the instant example, the data stream comprises tape logic blocks “TLB” 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.



t he respective device bl ock headers "DBH' 180 and 181 of the respective
devi ce bl ocks 150 and 151. The devi ce packet header el enents each

conpri seswansjoedBeat or of the |inear sequential format dataTafBoRlsi2devi ce
packet, in terns of the linear sequential, format. As specific exanples, a
tape |l ogic block 185 has one or nore si-blocks 186, and may vary in size
upwards from one byte, and a sub-block 186 has one or nore device packets
and may vary in size fromthe size of a tape logic block 185 to a certain
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conprise tape |ogic blocks 185, sub-blocks 186, or device bl ocks 150-151,
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US Pat ent ﬁgp cafﬁoﬁe%ﬁub%8f§7®9§§ﬁ qiﬁgghfgﬁléhygcégép¢o%ﬁ§u§$hay be

ar r anged TRHIEe fEHT PedfivBngayl Pe- gy et fppEonsa 18kt 18 PEgPehs may
be reservedufler 4 eleat el rédatens hey denyresrsed foofraleged@atas tHerdtd a s«zoMmDN
data streateq@bnd isPa&delil Hcomhdh Worakeidn-ABPld 68LiQR 1 N0. 09/ 970, 881, the
regions of a set, or a "partition”, have a partition identifier, and each
region of the partltlon is given a region sequence nunber. The partltlon
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for each“regiiohoms hstopredartitidre iGBDBNIELRS,. ad@usicht hyipardfi thomakdemnionf i er
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a. parti b fotBs: i eguence numb

such tha%ggﬁgn%%?fgc%on na I%E% ed aﬁ:enalnﬁg?ﬁgg : neﬁgcoraaﬁégswith
t he pres&RtrSoniR iticofPEY &f2er r| ng to FIG 6, an alternative form of

mai ntai ning partitions and associated control information is illustrated.
Thus, an indexndd0chs g@&eyﬁﬂﬁdme@mfmyfp@ galqu%@momayh&e Leapvabl e random
access d@é.gl % r@g e ca%um ofI iy o % artlta‘:log mg %tl fc{e g 1L
partitiops 42076 *Bact ddfa Segren fﬁi of "t h&* part Tt ] dr&tciissed

above, a HdF§n§ﬁF%5ﬁ?ﬁﬁ?lﬂbﬁeﬁﬁaﬁflWP@ﬁr ﬁuéhdﬁﬁF|H%%Hslt§%aﬁé%@eb%t one
time in asadkedhespacntasned. required. Rather, as in tape .or optical disk,
each data set nmay have a particular initial sequential
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.



anount of storage capacity allocated to it. Thus, as data is added to the
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storage | ength, and anot her stacked data set imediately follow the

al l ocated storage length, the data is witten at the next avail able

| ocati on. As discussed above, the constructs are not necessarily recorded
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subsequent, %{i in sequence ream
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170-176 or sequential access one en élnent
(A), the a5t £TFED &&at|IF Pﬁ%vﬁ‘?ﬁgtmeﬁff”digéﬁtreéﬁa’ér of access, e.g., in the
random access order of the data segnents, and the data stored in a buffer,

e.g., buffer 59 fcorlifnce3wi@as tﬁ@%ﬁ%&@ﬂs lﬁﬂ&lttlbﬁn dhe SHgeabgaRhsi®a10 aisby
means of pQINLELS .oy qg&p%% A tg]Q@T hut L&l 4! L RRQLNEYL emgglz"%“t?het he

data segnents are access In. actu I near  sequence at he

random ad€as£eqat s POt 4G TREGRUNY 251 HRdIEPoFEINS hS s qlen T8V TR BaFFE* 50.
The procédlr¥si of fA3LI owvedor rradueerise 9vens ity hie dath. t Gntdre erenbvedy e
random agapssndadraStorage edhdMct. efeteddd Bgaaddi tdcena | ¥ .50, FhGe 3 and

4, in anraacpoencgcpésst Besdyr %eeye ad WV EDLHPs, 3 R0 SYSI e 304, 312, PRY,

select a LUN for gartl cul ar
e.g., buffer 0 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



access, and a control, e.g., control 35, nakes the assignnent of the LUN
45-47 and therefore of the accessor 60-65. The assi gnnent may be changed
for each wo®mamenes®r the assignment nmay be for the durati omRCoIGRODO5420
connection to a host, etc. The control 35 responds to a read and/or wite
access of one of the accessors to an idéntified partition by, identifying
at | east one data segnent of the partition for that access. Upon the
occurrence of a wite access for one or nore data segnents of a partition
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es d e
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present ifﬁ%ﬁi‘?dﬁfeﬁﬁ?t Bh ?lt§et]EF‘e\?F€é’ nhex SpE2 PRS- 176 tape Ioglc bI ocks
185, sub-bl ocks 186, or device bl ocks 150 151, each of which conprises a

portion of a h@g&l@eu;;&r e, ThecoBigel thefc OBSr alesahhe skorahwr idre
access unht 3 ot acces slontnpae \é\gnllte a%%g§éseed gont eg_; zgr riting the data
in the aval IPABFE space. ~°8.§Y, 4% 45t & segn@n‘f F707%76°% iSRPAcEEF dance with
the pr eséh?‘:klsn%@?}t ﬁéh‘bla@k% HE6wrazt Pagidesblasbhdtfer 8t gagh Rfs¥eti nuous
manner, tb@raess rDboptiavi L% eedichr tentii2access by concurrently all ow ng
read access to the data of the renovable random access data storage nedi um

by | ogi cal accessors .g., logical "accessors "H2/LO 61 and "Hl/L2" 64
UM S " LUN 1" T4 REEOL RFL ORI TH Ea vt haF e Har T he Ol B REETH i ¢ o

access | o calite accessur coppkE O't@Owofting|t@e StaAin tthe dxgiflelle pparom
access nedi Umassatth asgmant®gretis.di sk drive, has only one head, the
concurrent access cannot be sinultaneous. Rather,

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



in the wait period between wites, the head is accessed to the read access
data segnent(s), and then is accessed to the next |ocation of the

di scont i rwMOWs/06w6B¢ € process. Hence, herein, the terns "coRCHGBRANSI42aNnd
"concurrently" are defined to conprise one access operating at the sane
tinme as, but not sinultaneously wth, ¥&nother access. The control 35
additionally prevents read access to the wite accessed context by any

| ogi cal . accessor, e.g., accessors 61-65 of FIG 3, other than the | ocked
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t he enbodi nent resent | nvent 1 on in a wite accessed context
conpri ses®thécdHtge: s‘ﬁﬁnﬁﬂ?’?xﬁo’rﬁ)l""?ﬁr’r‘fﬁ t He St otta?l EandaHt BEEdRHPFom t he
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the witg, a&%é @01 & g,t_;, tﬁec%8§ﬁogmo&rneo§%ttg%onneh@@%sé&ewiﬁ%kwgchgf t he
context to.the assi cess [gl cal accessor "H1/ LO' GQ of FIG

3. ErrbodF’Fr%rﬂfs i dﬁﬁ% &t h P?\X 58%?ed<§n ¥ W the res’é":ntdalt hvent ol are
i |l ustrapeeritaor GS. 7-9. Referring to FIGS. 3, 4 and 7, in step 450, a
plurality of logical units 45-47 are provided, wth each | ogical unit
arranged to C@H&W@bﬁﬁf&lowJﬁtﬁ@%rb%ta%cgg@byst]k% wihe E.Qgés(éahoéi@bis or
"LUNs" in_ SCSI etthm noltog1 gaxses gﬁ@gg on g f| xgcgn ba§| L0, raesad wite
control 3B°%F°“dara Stor 5t 55 &7 e BY t he
read/ wr i veltecppeessl 135 -cot %ESCEFF@ E%f{}lot" B¢ Oéoﬁ%"ﬁanas from the 1i brary
control 302. The random access data storage drive 30 is provided with

several virt uallnboﬂqgﬁtessggstheaheu%@sin Q.Q@oz.fcﬁlhce each &kﬁgbg@sler&!niﬁveﬂgléh? ~and
further vi rtggﬁs%gg?ée ?ﬁ e provided for each Togical unit with
ng

respect f£o° he | ogical accessors-60-65. The library
control 302 nmay change the ' V|rtual addresses of the logical units 45-4,7,
| ogi cal accessef&;ring tof Fiédhesdrd wes MskngtehesThi, r eqiluseYital of ilvgsca328.

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.



Steps 453 and 455 represent the typical dynam c assignnment of an accessor
in response to an access request, which nay conprise a read, and/or wite
access rewoaswedssOm a host. in step 455, an accessor is &RETIGRVMSL0 t he
access request. In the case of an attenpted wite access when a read
accessor is currently positioned in thelproposed context which would be

| ocked, or if another wite access-or is currently holding any lock in the
same partition, the wite command and attenpted accessor assignnent are
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conti nue J-heoughout the time that the host is dealing with, e.g., a
partition. Subsequently, in step 460, a selected random access data storage
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31. The nediwm226 rayisbpreebectdeby dactdesbradger dpRye be wBekretedobysthe
brary oagtenl 302 A8, 8,8 £3a v QLU 08 BANG o83 hOGLER 2 KOLILE:

sel ect ed by a host . Ref errlng , di scussed at ent
Appl i cat i*dn N&*© ey 46 g5, B (P EEF RS BoFoH °F Fart . SGE)B‘T\H fz%y itSe

exan ned ttipradertrinel Bbr apar titysbdrrlofoliure cedkiethadat rgisel vedwte one GDE
130- 133 pyng&tgL@db{,cH ho8&cCh region, and, for regl ons of a partition, the CDE
conprises the partition i dentifier and the regi on sequence nunber of the
region within_ the partition. Referring additional IEy to FIG 6,
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the data storage drive 30.

control 35 of

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



partition is created. Thus,, referring additionally to FIG 5, step 465
conprises identifying or generating the partition for at-least the data.
segnent (WO@3/06wewi ce packet 170-176) of a conmon data st PearGBOZiS2D ndex
410 of FIG 6 or format of FIG 5 also provides the physical |ocation 423
of each segnent and the sequence nunberl”422 of the segnent. Referring to
FIGS. 3, 4 and 8, assum ng that a sel ected random access data storage
medi um 26 has been Ioaded in the data storage drive 30, a host 310, 312,
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request. Reterri ng additionally to FIGS. 5 and 6, if the |ogical accessor
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index 410 is @iamwedawtuh@lrleaw FEG ¢ 5comt ﬁoll%’éh@flosh@ald&t?‘ae%spérlaﬁe
drive 30,peed@faBtld wicdcStREEE: CLELET ih RPN AT, WheOGDEGﬂmmmumﬁhe afdex
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reqU|red e Teclai e -133 or the
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rendering tEh inva S ermones whet a read

access is positioned in the partition (optionally, in the area of the
partition) to ieal ocldedccdsk 0 petngressdigsed sins enpartht Singpa 209ctdrentt her e

I's a confldiet ckBs the HiRCkeordheaResagRerByy hevd1BROEdRdot aailhes hast as  an
aocess Al S, ShABLeL R 6 A0%0:A0, LOCI0BLNAT-L B, 80N DRk, 0NS  as

di scusse Refew th, trthon is avall e cont ext of. the
parti ti Oﬁre('lflc?zblﬁalg the read :ana 1d Thus, step 208 determines whether a read

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



step 465 in FIG 7) is determned in step 210, enploying the GDE 130-133
of FIG 5 or the index 410 of FIG 6. For exanple, if the context

conpri seswa o3ogsent in the partition, the |ocation of thaPCTapmns42d423 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 segnents remaining in the data set subsequent to the data segnent
being witten, the partition 420 of that segnent is identified, and all

dat a SGQ%%QLJ_SOJ of 4hakeg{{%ﬁceorcogato@ $£L a0felife PARLLAL O ALL ;1 L ha!%“
e

determn t oget sequence 422 of those segments

si nce onl%® Wélgcb?ﬂl%ff’r lbeé"lp’o’ééf@lﬁsﬁefd Bﬁ’ét”ttllﬁ‘é o] aE]ﬁatpﬁ??‘iq} Fon,
shoul d t rest ogiteal %emarh@r antted anedssefac ¢R3% dontStteps £A53 RATHIFE5 of
FIG 7 swst ehe fbafa-@ne wite access to another, the WO 03/ 060686

PCT/ GB02/ 05420 18 control, e.g., read/wite control 35, det er m nes whet her
there is an existinglockfor t he neV\AQ/ ge uest ed parti 18 genln that
anot her  host MEET2 LY eftHY “RASRF it SEFER FHaPe coift e t* o™
portion téket kadcerreR?0 dAF%@rlna% iwperyer ohtne eﬁeafbfoﬂlﬂe%(‘«tln@flthefqiﬁeaﬁﬂUm may
be | ockedoate:anes dHeMReqiaRd Step 220 determ nes whether there is any
existing lock for any context of the nedium In either case, if so, the
wite access is failed by the control 35 in ste 52 f %nd any retries nust
be managed by Fh& HESt S2 9 o 56t He¥ 1ok F5°K b gareq R¥ %hc?n¥ Eie?si ned
in step 260siodp the apdranyt reirid20miss b okeaedoby Héleals%itgned wite access

| ogi cal accessor in step 225 Referri ng additionally to FIGS. 3 and 5, as

o XA e L% 62loc 8P ORRR0T. 60 1a8.DesD ASRLANGA LY 000855 B

ep 22.0,

| ocked to'a context 0 I n accordance wt
present PAYEHICBNE2Y he tGHed d° Evhearierel Yritsl FoRssr Jé?é?dcajcéég%ssfoa ’frhe dat a
of the remsyalzse rrufdommgcsdsisidatiaystorage. 3medd Bm oy ot bemplegilealcal

ACCESSOr S0y 6 AGLESSS asd#2hb S wrble aane's!_”-/ajtg is ©boxoBl 8Y @NLLNGKE e
access to any wite accessed context by any |ogical accessor unit other

t han the dPE%pséa(?f“?W roeKed - wite access logical accessor, e.g., |ogical
accessor "H1/LO'" 60, and preventing wite access to any data of the
respecti ve | ockeseqatibhdd @nc0fché heretemD\iabéa ibaANdom catees odat:a-<at Df age

medi um by,;orher. Lhan Lhe Logked. W Ikerac CeR% b g1 L8kon %eg§§§@5§a stBBage

control th in ste r he r W nit
Slum by otheg lo%?.baf)%eccg;s%srst, eg ?aadc/cesscgres “CCP 1 and “H1/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.



to access the wite accessed data segnents of the | ocked contexts, for
witing the data as segnents, e.g., data segnents 170-173 of FIG 5, on

t he randowpDagsoewss dat a st orage nmedi um enpl oyi ng any appeRGTGBRN542As | S
known to those of skill in the art, the append point are typically
identified in the headers of the data ad@ format control structures, i.e.,
GDBM 128 and GDE' s 130-133 of FIG 5, or table 410 of FIG 6. SpeC|f|caIIy
the control identifies an append point for the next sequential segnent of

the identified;paclild efe a%gt@ethgecoapw%%e%ﬁnweﬁ hg.rapdomiageess
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poi nt of ataeus dEnthd icontpdr €5 tndatedNDR037:06 858 & PCRPEBD2 f85420 9D Ei t her
as the dadaameftd he wentpsdcelisphetiagamwitten, or once all of the data of
t he context data stream has been witten, the location or status of the
context is updated in step 233 to identi he written ments 1n t he
updat ed parti t 76N 325 & TR RY P@aﬁ?%ﬁnbbéy ‘?trte%ﬁ/wt?haecc?g%d’fl\ﬁl:{e access
unit 32 s tassimplstiamhat@peher aptcadr b seatentizk cserpuential Pvr gani zati on
by or ganizkaginberlatiar s egieits in thieplntbt efssassoeiatiat wid hrite wite

access | Oawc%gé &_%8ggﬁsg5ﬁe§ga' e UT T80 LD ﬁngna 99%9@1 8CL885P75060 Ghral! G

3. In one e tais'witten fromt fer to the random

access data St GFEgEHREPTRTri FPT HBCHdSt "B TrEi BhE ‘a“redB’rlffcﬁr B FEESTAHAT t he
sequent i adccesganiczattiogngs sredivmliat @ bystredhscight tdydenappragesef WS Pat ent
Appl i cat | f4gudles12096:260: 8&konl 15 anRtNReEq D ACEAEBE , tHeh@aihaha-Fegaenienar e

witten fyr grﬂé SQMJ 969}15“7 oSEUence Qrder @&béd%eﬁte”?%{é@aﬁdrﬁgﬂwsa%% S
ge e he

data stor fum 2 data stream bein "ace or

added to "FHETSRXTSTiTG BTET st E5MS SRCTIF Hudea, reimgv?;%etf %t 2 Append
poi nt at dafte stewdgefmetihem #Sevi ously witten data. The append point is
mapped, for exanple, to conprise the beginning of a device block 150, 151

of FIG 5. st eﬁle2§9tad§fc§£ah’{@a§§%xe"‘@ﬂﬁ%£ M}eé 5@ %g%éaé 28 PJ chhe. wite

access to.th artition en compl et'e exu dated. I'f not,
step 241e"é8%§r?28§t5[ FE*57%t BOpef ati6h: t'6 Phe ttﬁﬁx%t EBrtREREe vﬁ‘”tlﬁF % fge
partitiorgnd af ape2ofvigeky whittsexdateont®eet arrend Htiopsiderradd 233 conti nue
to wite edafigiddata @inpkhe BRRXtbegoitiext of Wpasviceopcat 150 af1 thherww.i be
access by the wite access |ogical accessor, the control, in step 245,

rel eases the |ocking of the context, e.g. segnents 170- 1173 of FIG 5, to
t he assigned tep 240° determines whether the Wwrite 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



wite access |ogical accessor, e.g., "HL/LO" 60 of FIG 3, and proceeds to
the next conmand in step 247. As di scussed above, in accordance wth the
present iwWo@aewRe the control. concurrently all ows readPadaER/05420t he
data of the renovable random access data storage nedi um by | ogi cal
accessors, e.g., logical accessors "HX90" 61, "H/LI" 62, etc., of FIG
3. Also, the control <concurrently allows wite access to data of-the
renovabl e random access data storage nmedium by nultiple | ogical accessors

as per the @ﬁ%ve?' Cgﬁ n_%e npinodol egyy 148 mgéémmb of ekmnlé@aq, a6EESS i S

illustrated in glnnln at ste;P) 50, V\Q%ret erea algeccssm
r equest ed=ai/ Gies POERY PogPtaPe HEReSSHrFI® éiréve o7 CA et EEsE6r S 60- 65 of
FIG 3. Reteraguagresiddottiegnald ynV@dm#@G@G%@i RETYARO2/ (B420=qu2et tWYFI GS.
3-6, iN $L,8P-i235n the; BM-d25 oaradondex pddfl dusaexank ned , bynd hey deeadismrite

control 35 of the data stora q,_ugfl gaSch%Qmdetlgrggengrmeg@,(emtI’éa_cr equest ed

context i"$°FH FAE FET UM an &y al e request rise an entire
partiti oFegpestedr Cﬁaf‘-?ﬁéﬁl aPAUgates 4212 ‘énﬂoﬁré(?l’c%nﬁr’f‘%sﬁag&ﬁfglg%mdaf’a
segnent etep F58l thadatberst team vhiid betaw ong segnent, etc., is requested,
or if the requested data is not valid, a rressage is sent in step 258 that

the context of 't h¥ par’tl |on oms et erm ned in
step 260pashplieyi Homt HerGhHE 1‘30“P337brlst ﬂ%tarﬁa%%fi &&o‘? eﬁo? UxSMAEPFf t he
cont ext G:QB’DCEDESE$0&33S@QHEB§t1ndet4‘ﬂ® pardt examplet heg kot abhogrtofotdrases eégnent

423 i's ideptifded ine %am%la@nttﬁétloegmnl §§S:h§tgié§;\a\9n@f42§e:g§r&8&1§tl(iﬁ.e@- dat a

set, the partition hat se £01 i S |dent|f|ed agd data,
segnent s FofPt KEFCGrobF s sou & L8t Cor*FRE Barft it on are tth pdret erm ned,

t oget her 48Pt ¢f tthet sequetcés YEptfiednoye sblyifeht SeINERtSt Epr F63C 98P ©F
control, ®¢g. setr eadmar pi i€t Bob .thdh, ddeterisdnessgewhet eth tther geduenan

exi sting Jock: f.or. t @g%m&qgt ext, neaning that the |ogical accessor having
wite access, e.g., gl cal, accessor 60 is locked for wite access to the

requested context, or part of that context. if so, the read access is
failed by the I@Oﬁteﬂ:oﬂﬁn theeprr289L amrdy t heerd|yoi te rRbRelt Rt SECETERSRas been

encount ergdehdNynd.al r:.lseaSn @uﬁitllag rmraged thye theretQsheaniing seguerdd al f or mat

| npl ementati ons, LI, s 10 g%&&:@' Rcks | LAYCT 960l Cacbad0 680:d AQb£A1 1Y
p05|t|one§ % In, a curren I'ocked cont
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



since sequential reads or explicit repositions are failed to the host.
Hence, an encounter with a | ock may be reported in step 269 as a

speci al i 2&0.03/vems86 of data response”. If no lock is in pl aeeTiGBO205H20
requested context, the partition is read in step 275 by the read/wite
access unit 32. In accordance with the ?present invention, the tape or
optical disk sequential organization of the data streamis sinulated in
step 277 by organi zing the random accessed data into the desired sequence,

for sequeplshiah, acgass BYrd RechQStn d Burfgade ACCESSHrRY dd1€adalRe5008MEMS Of
an identified partiti t he control addi ti onal I%/ identifies a

appended, h&ﬁtanagt?‘-hégl 7 et FFTET° Y par €11 S8n ™ TRulE PPA ST Ep ﬁ?geq%/eﬁlced]anta

segnent s W PHeEegont ext may be read, (A), in the nost efficient order of
random access of the random access WO 03/ 060686 PCT/ GB02/ 05420 21 nedi um

and :he gata ShQr sghueﬂc@ J?:uai@; se§ndhts prcﬁgrdaéﬁ,st@éa@q%egéequﬁﬂmb thteﬂ
ins ep is arran |

buf f er . T%’@ ST TERT &Y e*aé?é % éﬁ%n@g ?%10 ?%3 %ag%léstr%rar%f éf“gr"m‘* ed by
t he sequerfcEIhufberThg2 RogitipheofiGDEe £30st 33tvfseppent 5F d{hEOfJOW}?@ faigex 410
of FIG 6Gtrihe hLogalHeOnodftithed thstapdadidpstgTest LbthtdrecaonuBBedRha
stream and Lhe thp%%bQ&'eoﬁLyg%% éﬂ@%@%ﬁgh?tlo@&&% 5ot B8 guhsgquent

segnments 1S provid or by t ocat 1 on address 423 of the
i ndex 410229fH “fot her errbodl ment, (B), the data segnents are accessed in
the tape or optical disk sequence at the renovabl e random access data

storage nedi Lm ot HRr JenbBYmeHED| O, NEnd hGciBRBheE sOhrd aacé@eeaire&he
Appl i cat :jt%B 0891c/a%7915§<8%e -S1:0LEd ﬁeﬁlo§a%qgeﬁa%%oég }SQQL.I, edfaté e

or gani ze t he rol provides read access access

accessor T B8 reGuesty FEPHOEPI SRS BIFPITD O3 ¥he JIS ??Wﬁrﬁppléﬁ?ﬁ%%l“%*oz in
step 280.09%pe) 8285 =@t eraredes: whetder irhéuéfdr €. data stream of the
request has been read. if not, step 286° advances the read operation to the

next context wthin. the partitio 63 determ ne et he t he next
context is |loc eﬁ Oré’ﬁ 1.;5«?&0 EhergnQ%?pr&'&g c%n c|Crel?féSctaomr éad the data of

the partitoEofRl BBeAPSOBNIetrd FegretHias fesy %iY(,S(‘Eé%s”By 1¥ecr rédg2 Bt cess
| ogi cal aceessioBp2tivestcantzeol , skep SABEpIABFpideacehatsr tthe amXtre @aAMANd,

e.g., fr%@am%ttheTQH@estthﬁa&ﬁoeémteaaHV%@tﬂ&n Q{éﬁVbQ@%dGQ&%‘érE@Eeéc@ad and

wite
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 seguential 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.



access to sinulated sequential data stored on a random access nedi um

| ocking one or nore wite accessed contexts, which are conprised of at

| east a cwDa3wemysent of an uniquely identified partition, PCO/GBOMOSL2e
access |l ogical accessor, and a read/wite access unit accesses the wite
accessed context for the | ocked write aééess |ogical accessor. As the read
or wite nedia access is conducted in a discontinuous nanner, concurrent
read and wite access is provided to the data of the renovabl e random
access data stM@getm@@kgé&lemnti&l %al’:%'a@@ént@g@eﬁ:sgﬁcs wa@t heh-1b&an the

| ocked wrif8,906858: 9@1 BOEE%58a RLEY BILLNG.L A, BCCESS. L g, 30y Wi f €
accessed cont xt's Fcal accessor 6t her ﬁ e esp ec%?ve | ocked
wite accBEd Bijidé’al a‘%f&s;és £he FRBIT G ﬂ@dl\)\?“l ? Pra‘é’cd@s §°1f-%‘r5ﬁ‘§ft dat a
whi ch i s &qregspar Hiffagnnt whitehsdtas andwwrdvedae cEgsbakedcoadeext dpyianbtdhek

| ogi cal agerRss6ial M3/ DHARBCRETI(BAILD2426he A2 H4Sthd RENPRB83E Mandom

i nvention,takes;advant.age Qf;fhe wait periods during the discontinuous
read and wite processes to utilize the high speed random access of the

random access nediumto provi de concurrent access to different data sets,
and provides si nuFeasedof ggFélbrinophd cab widskstwaduemti altegoeess bypmngl east
one host t Oadrhegdahas ofayt be dnpr@xabl ehdr andoE taeaesse daiﬁlg&h@:[@gef n@adi um
Those of skigus bl LRewy &ameg&te@@ddattga;toq &@&gvngy"ﬁps@ Bk ement s
may be enpl oyed, and that alternative arrangénents o UNS "and of the
random access data storage nedia may al so be enpl oyed. WO 03/060686

PCT/ GB02/ 05420 23 CLAIMS 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 renpvabl e random access data storage nedium (20, 25); said
data conprising a plurality of data segnents (170-176, 185, 186, 150, 151,
421), at least sone of said data segnents conprising at |east one
partition (420); said renovable random access data storage nedi um

accessi ble at and renovable fromsaid data storage drive; conprising: a
plurality of |ogical accessors (60-65), each said |ogical accessor
arranged to communicate with said at | east one host for read and/or wite
access to said renovabl e random access data storage nmedium a read/wite
access unit (32) providing read and wite access to



sai d renovabl e random access data storage nmedium and a read/wite control
(35) coupled to said plurality of |ogical accessors and to said read/wite
access urwpD,03®6l686 read/ wite control: responds to said read/GBudosnowite
access of one of said |ogical accessors to one of said partitions,
identifying at | east one said data segnent as conprising said partition
for said access; upon occurrence of a wite access for at | east a data
segnent of said identified partition by one of said | ogical accessors,
establishes, as a wite accessed contexyiarmgt | east said one data segnent

of said identified partition for said wite access, locking said wite
accessed context to said one of said |ogical accessors for said wite
access; oper at 8s93&i gtega/ Hivee (30 c &% PEATIYing weceEEnsaichd\pid eribecessed
cont ext faccesai by lagckegbtwend eroaccess, ane) ofo siatd dregiial on ar eessSRbsse
con;:urrent_»éﬂaotapgé@ts_esdéﬁit gtc')'x]‘c%@g/rﬂgdjiﬁﬁ 85Cess Uiy hiQeDION) O ind eaadt and/ or
wite acc sai ata of sajd r % e_random access _data _storage
medi um by‘sot aé?t%é)i%dgiﬂgaglsg *rféc 12’86??% ggén’ 313?’(1 P8eked wiite *ad€eds one
of said | BYICEF HCeSRGr §THET THPRE Pt dCaes e oParailiaw i(£20) agxisssed
cont ext byemmvpelogroddn accessdrtotsheradehagdismi ghdegekieid wt i dnd réeees8% one of
sai d | 0gi £8dm RECL TR0 SStorbgk REEVENLLRG iWihd.e access to any data of said

| ocked write a ition. i.d repoyable random access .data storage
medi um by_ot hegclflﬁlgﬁjp%’it é%%@ﬁg%l \%r@%: Sesoéﬁceelagjsgodee%%h ssﬁfL%Clolg(l)%aflcﬁfcess"r
accessor sTERIC U IO CTUHPL G 0H OF seif dtwh§asE R ESET FprsErad rebleadvuitet e
access on¥EEssk galdgieparadecezwiomsacaees ersesstsande [iedkimg of said wite
accessed cont extreh@/&fitd haGkeduwiti {£)agE88910N008 Sl PriR0b&Ass to

accessor Ssai\éor%vgﬁgg%nggla@ggsj ggéggtoga e2me<fiu91at%xd5t orage drive (30) as

claimed in Caim 15/\Ahecr ein sajsd ead/wite contro aé;%S), addi tionally,
upon occurrencg 6f a4 redd AEER 3(355 CHRESDIOsE T POYILAFY fEceEGRE (60- 65),
det er mi ne¥°SRfiePTePrrd divd spEhdeadowste dcsetd uaitatsals erpadmritd 7@nt¥6): 185,
186, 150, 151, 421)reoidheds tdeasaisniread datsod arishbcheaCeeshel St RREYENt ed,
and, if smgiest abbbshes, c@%n@ §£adia GRRL 8Xbns ?tidgﬁé%yéﬂ%‘eatdi‘éé%tsggen%ggd of

an identified partition (420) for. said access. ata storage drive
(30) as clained in Gai i “Wheralfh BaFg-ion 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 accessed context, at least said 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 accessors, releases said locking of said write
accessed context to said locked write access one of said logical

accessors.



read/wite control unit (35), in identifying said partition (420),
additionally organi zes said data segnents (170-176, 185, 186, 150, 151,
421) of swibd3fpems8éti on in sequence for sequential access IPgTaHA/05£20] east
one host (310, 312); and, in preventing,said read access to said wite
access context, additionally prevents read access to any data segnents
subsequent in said sequence to said wite context. 4. The data storage
drive (30) as claimed in Claiml1, wherein said read/wite control unit, in
Wite aceessi ngdsel drdaige segrent® 470176l inl@Rim]B6 whesgn 3593 421) of
aR I dent irfegc?ﬂurggétc}otnitg& (420) %ada@l@liiohiagml byen beanirehée®ran ]'ﬁa@mfengyt for
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sai d sequeneeof ssaidst dalassegaBMatabs sai theappend poititief (s20)d for
identified,partition. 5. A data storage drive (30) as clained in daiml,
wherein $4id *G°Géhtified partition (420) conprises a sequential data set of
random access data segnments (170-176, 185, 186, 150, 151, 421), and '
wherein said # dadomtacamssrifet 436t eragjeipediiantido, 1 25Phredp Edthri se

addi ti onaleaapaikbtésol 440} havi ng saediayimndAnt paktierinat (4zel y arranged
data set sy AN ANP1ehD, SaLd.Jeadlor LLgoDt bt 1435k saddit] amal | y
conprises an, I ndex ent1fyil n% sal d sequenti %“ ag(r:ésasnged Partition as
such. 6. *ALyatfa 8t dPAGE drPvE® F38Y°"S8 i arRet i O arm 1, whereln sard data
storage dinevieosts (sbupBed) t end phupzEvERyinsf said debesey=310,52342) 1 fher ei n
separ at e 2868s bnbosd, Saddit 1a88061 pteednyd trhad eparad eoomes defa sagukedtegi cal

accessors, (60-65) {00 Wil A6668S5 220, Mher &inkes@i d read/wite control
unit (35) additionally assigns said wite access to one of said plurality

of |ogical accessors, said assignnent based upon the one of said | ogical
accessor ¢ -assdteataih \ﬁF?JFﬁQI@a@’ﬂiVﬁoé?(O)cB?rﬁ]ia%?‘?fg ipHeadBut c#PefeiBattt Wit e WO
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150, 1517méﬁgé& (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



at | east sone of said data segnents conprising at |east one partition
(420); said library conprising: a plurality of storage shelves (342) for
storing swDd3wepes nedia and for storing said renovabl e r 200@BoAOSL8S dat a
storage nedia; at |east one data storage drive (30) as clainmed in any one
of claims 1 to 6 for providing concurreht read and wite access by at

| east one host (310, 312) to data stored on said at | east one renovabl e
random access data storage nedium storing data conprising a plurality of
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renovabl e r andomleztesse data St@FM%@él‘r‘ﬁadP&){naéc‘éjeﬁs“@ieBI“é"' aEY £RG PerfgoH e
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access for- gt 9 East™ T2 Segimen sal entified partition by one of
said | ogl%f&Weaccessor s, est abI ishing (210), as a wite accessed context,
at | east said @onebdatvacsegment3os) saipded to said robot and to said data

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;



identified partition for said wite access, locking (225) said wite
accessed context to said one of said | ogical accessors; accessing (230)

sai d witwoaswessed context for said | ocked wite accessPom&RIR/0SEDd

| ogi cal accessors; concurrently allow ng read and/or wite access to said
data of said renovable random access data storage nmedi um by ot her said

| ogi cal accessors than said | ocked wite access one of said |ogical
accessors; preventing (269) read access to said wite accessed context by
any | ogi cal apeessonsrepthert sheritsaiebekociardarliepat fcats g °Sai d
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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;



identified partition; identifying said appended data as continuing said
sequence of said data segnents at said append point of said identified
partiti orw0b3/06088¢ret hod as clainmed in Caim8, wherein saiPdTiGReawsfed
partition conprises a sequential data set of random access data segnents,
and wherein said random access data stof’age nmedi um may conprise additional
partitions having simlar and/or alternatively arranged data sets; said

nmet hod additionally conprising the step of maintaining an index for each

of fa|t d parti twﬁmﬁaﬁ)i %@@g&&i%t%faé Qgioﬁégﬂov%sgygﬁ%aﬁk l¥card %an?g t
partition chq:13.. as claimed in Caim erein sail ata
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for wite accegssntignthanheidiappeaied dmiahed caddirtuioaaddiy canpnises tda step

of assi gnéstadsefentofatsahia |QPeedlpodGC @SS Wdnlk €7 ALLESS: Raged upon the
one of said logical accessors associated with said host conprising the
source of said wite access, .said assignnent made only when said
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accessor . comprises a sequential data set of random access data segments, and
wherein said random access data storage medium may comprise additional
partitions having similar and/or alternatively arranged data sets; said
method additionally comprising the step of maintaining an index for each
of said partitiomns, said index identifying 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.



