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TA TO MAGNETI C TAPE FI ELD OF THE
I NVENTI ON Thi s invention rel ammmmm“ e of data to magnetic tape, and,

nore particularly, to storage of sygsiehroni zed dat a, entit
sending t WO WA s able to erase its data, knowi ng tgﬁi’gg‘}f’@@@g physi Zal ly

exi sts on nagnetic tape. BACKGROUND G THE | NVENTI ON Magnetic tape provides
a means for physically storing data which may be archived or which may be
stored in storage shel ves of automated data storage |libraries and accessed

when required. Data stofgdiig JhldolBasShe 0SadlieASRERL O permanence

whi ch all ows copies of t ata store menory or disk at a host system
to be erased, knowi ng that a copy exists on nagnetic tape. The avail abl e
storage speece oft THENBNVEMPN system is relatively expensive, and there is a
desire to rel ease the storage space as soon as possible. Hence, data is
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overwite't SS| todis.qften

desi r abl esﬁ”él"’gs?‘ifcﬁ?td‘n’rszéhlet 'ﬁ’ee’éﬁifalts"%%c%?%”ﬁf‘gzé}éatd%tcﬁpy f ysde?l hed as data
or other erifso? wRteetetWAItePR i s  subject to a "synchronizing event" or
simlar command requiring the tape drive to not return "Command Conplete”
to a witgackyrn®lorcmemBmekrIad an indication that the command has been or
wll, be successfully execut ed, wuntil it has actually commtted the data

to nedi a, SpeCl £l Cal ! X]!r)e rov:.des grl]n]ggx{scfc;[rag%'m.éﬁl} V\E LJ;.ngSldLga’ wllnlchnlgver I S

| ost, the data dXi be ay_not

r ecover abP® aF #ieh o SP &t ‘f‘aéf mmre‘%t‘f}rséﬁéagcﬁf hte?‘u £t °ef %Uta??t\‘?%r%u? fer.
exanpl e ofteragsy htyroite ZArdgpcesasat vhen deAiFede IﬂaF%ﬁ’ﬁ‘?"Rdc‘Bnﬁﬁﬁd““%rt h the
| mredi at endd tn S@pect oof" Prmankhies witieans Lovratortibe ofirthy dlats speyedti®  respond
i mredi at ehymorPUt dibftiead nbst bdcésPRraban kbeingornarrdcdpgsexieonpl et ed,
meani ng t Qr@tma&{}xléj@.;ﬁ SeRt 23911080 el 5 Qfadd EpdeO MBI HoBt Wybddnels

relatively expensive, and there is a desire to release the storage space

as soon as possible. Hence, data is typically transferred through an

intermediate staging buffer, such as a hard disk, to the tape drive, and

there is also a desire to release and overwrite the staging buffer as soon

as possible.
Thus, it is often desirable to “synchronize” the data.

vwgynchronized data” is defined as data or other ihformation which is
.0 subject to a “synchronizing event” or similar command requiring the tape
-7 drive to not return “Command Complete’ to a write type of command, or an
indication that the command has been or will, be successfully executed,
until it has actually cémmitted the data to media, specifically, the
magnetic tape. As the result, if power is lost, the data can be recovered
from the tape, whereas it may not be recoverable from a volatile DRAM

storage of the tape drive buffer.

One example of a synchronizing event is a Write Filemark command
with the Tmmediate bit set to "07. This means that the drive isg not to
respond immediately, but instead is to respond when the command has
completed, meaning that any data sent as part of the command is written
out to tape. A specialized case of a Write Filemark command is where the
number of Filemarks field is also set to “0”, meaning that the Write
Filemark command has no data of its own, and all data which precedes the

commarid must be written to tape before a command complete is sent. Hence,
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out to tape. A specialized case of a Wite Filemark command i s where thelUL 2006
nunber of Filemarks field is also set to "0", nmeaning that the Wite

Fil emark command has no data of its own, &nd all data which precedes the
command nust be witten to tape before a conmand conplete is sent. Hence, |

FEEEEET TET IihiVichinnMnkdlis Whikh réfbdréd td 4d a 1'$ychreh@A0 @QRTmahd4 as) 1slknd®@bo tRodehnfs
command is often referred to as a "Synchroni ze" command, as is known to

those of slkillinjithe the art. Anot her exanple of a synchronizing event is a
host selectable wite node knowmn to those of skill in the art as
"non-buffered wites", where an inplicit synchronize nust be perforned
after each record Amthuriektreplefaf ersynéteoniose cvertasmhng selsaieblstveriteingodgdmown

returned for _an i,t.e.coammand .until .t h s cesst ul I

medi a. Her eitﬂ?}‘%ﬁ%fmgl%ﬁv Watoa I]Pg@gﬁ%fe%g“?r%%’o e?%%’o‘ﬁﬁi{“é%%?@el%é ﬁgsrt%% i's
defined as gerfohheaaet e’ recdntl iswviritiengiraucthe datse r€oarmigndeComplens’ tsheot
result of a sg/nchroni zing event is ‘iefi({led. as a "sl){nch.roni zed ..

transact i on"retupiedi fpF ABUVEE SRPtRandauti die 48 inshersssiRily ypLen anpkdia- ¢ he dat a
is recorded sequentially wthout |ong gaps between data sets, whereas
synchroni zed transactions are stored in separate bursts for each

synchr oni zi ng everHerein whitiagaoy ide@abtards graup pé recotisher eiher wark indefineHas fext
transaction..This..requires. t dri ve. | ' o A R

the - synchr ofeaeatp Adul S et SfigaPf ity B HRREN O iR B fichrR

cl osel y fol |dafinadad hesynphireardd ngndacd@emsact i on. Tape is witten or read while
it is noved longitudinally at a constant speed. Hence, a backhitch
requires that the tape be stopped, reversed to beyond the end of the

previous transactiQugiffishlepRad ré@aitno neptettctapd Brihitatle dpa iorespded séquettivdly
original direction by the time that the end of the@lozrg&vi ous transaction.is

reached. As Wihoujrees geRsoBctypeR Katesesy whsreas PR tITans3eHoRs, AR PP In
process con Ssléﬁﬁ‘ateaau(f&@ ?dr%%l?%ﬁhro%@ﬁ@ Lyvedt, With® no@d¥dblel tim@pdrydasfore Wafingof
smal | synchroni ze

transactions are to be stored, the throughput of the
tape drive ithereducmdsadtiamat Thislrequircasthainthexappldsive faekivche after dtingg fhe

vary from about, hal f second .t o e - b i e
to wite synsé'ﬂflgﬂplfg%%ﬁgf%ggg lbr%{ﬁés/rag wgﬁgq?%%%ggﬁg?ﬁagﬁ%%\%}egsgl\xhﬁlg@?{ dﬁr%: ng
t he nunmber ofrefadighirtiedaesor. orTape iit iwigttdnher ssadcwhieiiz édntovedhdengifudmelly at a

SRR T VT T, SIS A5RR el B BRER AYFL R P
nmagneti ¢ t ap@elpadirtMeippalidos tratsabt®s tstopped again, and accelerated up to speed in the
original direction by the time that the end of the previous transaction is reached. As is
understood by those of skill in the art, the backhitch process consumes a considerable
amount of time, and, if a large number of small synchronized transactions are to be
stored, the throughput of the tape drive is reduced dramatically. As an example,

backhitch times can vary from about half a second to over three seconds.

It would be desirable to write synchronized data as transactions to magnetic tape

while reducing the number of backhitches for writing the synchronized transactions.
SUMMARY OF THE INVENTION

In one aspect of the present invention, there is provided a magnetic tape drive
having: at least one motor for moving a magnetic tape longitudinally; at least one
read/write head for reading from and for writing to said magnetic tape while said

magnetic tape is moved longitudinally by said at least one motor; an interface for
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read/wite head for reading fromand for witing to said nmagnetic tApgy] 2006
while said nagnetic tape is noved longitudinally by said at |east one
motor; an interface for [R\.LIBK] 681 128 SG doc 2 4 JUL 2006 3 receiving
data to be witten to said nagnetic tape; and a recording system
conprising: r@éeiviﬁ%@é?tﬁ t&BE wRitleh @6 s&QURIgREE Bips il 4 RicBrdimCsystedt cahpriding «dat a
to be witten to Said magnetic tape; at |east one recording channel _
coupl ed to derstom buffasoupied thshitidntesfaer Eymre data sube wriien | ta £aid mpgnetic
read/wite head for aperati.r 3?” LEer Meedubrh tivediki ng
data from §%Hedatalf'aﬁt8§%fe%érnélggbu e?lactogb%g?%sﬁrgg?\fg??g/n%pfe; and g{)c_qntrél | er
coupl ed to anttastaperedd/wdtedriad fatopeeisg saident baabf @, readivd tcalical daswritngdata

notor, and said at, | east one recordin channel , said contraller i i,ng
means adapt dEPT §aidg@ keast %Pes]é?ffféntees ‘?“%asﬁﬂgtl’ﬁ garﬁeziaﬂ% a GourpleT Cgumw% it
synchroni zi Q%er%\’lﬁ@rsaiﬁ%it NG sCorcOITRAGathatledsh She alods, b@taidat Rattonehe@hdibge
synchroni zi ng event applies ("synchronized transaction") is tg be witten

to tape bef shenneh saidiengaileomc]using moanseasapipditpediieid FANGECIRSYINONFRG i s

conplete; wjite e L8t &elefeins ¥n GH@RSRE R M (S ¥hekh th
detected patetvél}%?f ?%2“@2%?@9;&F;étagetm%)réeg% ?%(%%?act) ls'a?d ma_tgngti c tape; Spon
writing eachysdirchisinpehernnpgke (i'symobmotzed transaghiom diigitodte withex todans beiure ar

| cast one _Bupair Ratp BORLBU Rkt i B PRl Bl B R ekl PR

| east one accu ated transacti ons

from sai d atsyh@ashiz@n@akabli@r of kedsduidtetnpaei cronapsidi n laass egedndler td said

anot her enbodi nent, where the magnetic tape conprises a plur f _wraps,
hisgEzeh!

( ality o
such as in dneanvds $3pS SRPD ALTHNE AR\ BY1F rapgaqtion; ror l‘félda%t leagt pme

controller, it &Ssaat Slta S0 BEu{uldth 8aid KDAIM N dPGarlshAbRAS lshians leaft ke
detected pattgren osr'?1 altnaF‘ge;sta%r’)\e cl)lf uthe “ﬁltur ality of waps that is

separ at e f r dmfferyandrsalpseghenthyevniesaidsicoemleted; tragsactinns from b leas PRs Prffopy

is fixed on the tape be i nal set of transactions are recursively
witten. Theto\ﬁgfiﬁlarq%lettg%%ggﬁnsa% u%f[lée%h wi t hout stopping, |eaving |arger than

normal gaps between formatted entities, and may conprise nultiple copies

or special constrycts, The .recursively.witten co .St - rm
to normal density ‘§&p8 h%gngchwggtr HXwa%tPﬁﬁﬁgn Fie %pgé?%lﬁré%gsér%g%}l%%ﬁﬁ%%e
control | er s@pREAIEAYLTDIsyssmeach leipnaho oinisz ed skitlriatisaat,itoncdntmitet, vaitbudtf er

h i R\!-IB ' ~
E)g / })623?319 gg&%@égggiﬁgan%n[chm\mzed tra s?a%gior%slof t%e %lggsctzed%at]tgr% oznogt(ieasy\gne of the

plurality of wraps that is separate from any wrap of the recursive writing. Thus, a good
working copy is fixed on the tape before the final set of transactions are recursively
written. The working copy is written without stopping, leaving larger than normal gaps
between formatted entities, and may comprise multiple copies or special constructs. The

recursively written copy is written to conform to normal density gaps and standard

format.

In a further embodiment, the controller separately writes each synchronized

transaction from the buffer to the magnetic tape, and
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identifies each separately witten synchroni zed transaction, for ex%ﬁdUéme
by means of an access point. The controller additionally identifies the
recursively witten transactions as the nost current copy t her eof ,

super sedi the identified separately witten synchro # sactions. In
an alternag?vﬁ’gﬁbodlnent the controller wites each i@%@'b i zed
transaction of the detected pattern fgsomthe buffer to the nmagnetic tape
by rewiting all the accunul ated transactions of the detected pattern in a
‘sequence, and appendi ng the synchronized transaction to the sequence of

rewitten accunul ated transactions, 1dgntif Lttene appended
witten syRENFSAF 8 CFEHSET |ongL AsTHE bhd XHQQMSE&% Qﬂﬁlreof for

exanpl e by r‘i‘\?&'ﬁso“oﬁneﬁ‘r‘c?sﬁc’f"éﬁ’entgﬁ ?/ﬂ"ltf°el1f)%1§§dltéc’6£1§’sme(’)‘l”%%{ e control | er
addi t i onalkgurpideit ivkitdasn tthenspeid s py &h§ mOff ichErent F?Pdn%c?‘f ons as t he nost
current cepertdirneahe iseperisadiengratély wiideent snckonfzpdr jretseqtiane- appended
written synchroni zed transactions. Thus, the present invention wites
synchroni zed dat g, Lo IRANGL idinodl ARE, WAL | £ £ 801G AledshgachUNDEr  Of

backhi t ches for roni odi nen 0 ntion wll
now be deS¥PBEEIGZeDh I IR o™ 8?%% %et“tfd pmefrhipr%e ghree{r)fcftft'lfct)!)trL K‘g

acconpany "Agrediaitatgy, ”e‘BRf‘E‘Ff EBESCRI?T"\‘W’GQ TRREORAN SGS™ I G 1 is a bl ock
di agr am ofewecraypette tapesdrenre. Wt [FPpendlgh Bl evnchiggézsdarPPIaggE ™ whi ch t ape
drive nmay tbngakereiinct e presest acaunelztednransp¢t@ons? identgdfginggr ammat i c

i |1 ustrat i 0f enSIHACLHpRMe2 04k 1 Bhth syWbtirbh Piad Gt asaBEigne bis c-ht apet enpl oyi ng t he
prior art C[IPJeQ?@Qll}Pgé{er\%E hf&a&&nbltecﬂeﬁleansl:dfcaan 1§cﬂe§erﬁedj|wa:g:rea[5'9§atdrC

illustration o oni zed 2 i r;ggp e =) | oyi hg one
enbodi rrent‘ac'i)eﬁ"sstpﬁ’l resen ?rn\}gn add% }3%%9 é&ﬁti %el Fechfh) fﬁn;pI | ustration

t
of synchr ¢riZed td%{’tsa"Wi‘% ferthe d‘ﬁshﬁ‘gﬁféi“i €°‘Eyaé rg?ﬁjl s‘%ers HH @l°ternative
enbodi nentideftifisd yereidsert and aprendgdorEit FRIGEYShY °§1?dd§ré§?aéﬁ%?§fl c illustration
of synchroni zed data witten on magnetic tape having a plurality of waps,
and enpl oyi ng HRPALAL §reRGE UNWBLdnNErikas shidnedrieas amaapsnigpetist ori ng a wor k

copy in a“eggg’é }?ﬂ‘éeredwlw 0 SRR BN n Afend S0P ERS SPchicAVARAL 4B, 2 4 JUL
2006 5 FI | ow chart depicting an enbodi nent of the nethod of the

resent
P Embodiments of the invention will now be described, by way of

example only, with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a magnetic tape drive with a magmnetic

tape cartridge which tape drive may implement the present invention;

. ERYe
FIG. 2 is a diagrammatic illustration of synchronized data written

on a magnetic tape employing the prior art methodology with backhitches;

FIG. 3 is a diagrammatic illustration of synchronized data written

on magnetic tape employing one embodiment of the present invention;

FIG. 4 is a diagrammatic illustration of synchronized data written
on magnetic tape employing an alternative embodiment of the present

invention;

FIG. 5 is a diagrammatic illustration of synchronized data written
on magnetic tape having a plurality of wraps, and employing separate
accumulating backhitchless wraps for storing a work copy in accordance

with an embodiment of the present invention;



i nvention for backhitchless witing of synchronized data; FIG 7 i 4aluLl 1§05
chart depicting an enbodi nent of the method of the present invention for
accumnul ati ng synchroni zed data for recursPvely witing the data; FIG 8 is
a flow chart depicting an enbodi nent of the nmethod of the present

invention for witHig6tibe ﬁ&\ﬁ%‘ﬁﬂh%ﬁfétiﬁg A6 Y R Eh AR e Ghethbof The Fﬂeg%ntg
is a flow chart depicting an enbodi hent "of the nethod of the presen

i nvention f anvertipn fordacklatchlesuwiiting efisyaghionizedidated data of FIG 8; FIG 10
is a flowchart depicting an alternative enbodi mrent of the method of the
present invention for witing the accunul ated synchroni zed data of FIG 8;
and FIG 11 is a fAllGw7abar flowepbatdepgting aandnscbidiraait «f the heethed oo dhoprebdin

present invention for recursively witing the accunul at.ed synchronized
data of FI amwt%@rmwlmn%@me%éat%f@ TERRFERNTIYOKT 1S @Fr‘\rg‘ﬁg to FIG 1,

a tape drive 10 is illustrated which may inplenent enbodi nents of the
present invention. The tape dri veﬁ@r ovi des a neans for readi n(g and witing

information with AdSp8de a Bow ohagepictng apeeneadimenioef the methed of theipreseamd
associ at ed t'%igy&%ﬁﬁ& the hod tgéi?yng%!ﬂiz%ﬁ d%&%%ﬁl@d??r' ng to the Linear

Tape Open (1 onnat. "An exanple o single reel tape drive is the | BM
3580 U triummagnetic tape drive based on LTO technol ogy. A further

exanple of a single.reel tape drive and cartridge is.such as. that
G athssed in U S g O aBY i ReR00e «fbiadEE St B EufRe oF g prosn
1995. Anot hehveaxamirev@ingdths bo@ineildte@byricBigiAdidde IfFIGhs; | BM 3590 Magst ar

magneti c tape drive and associ ated nmagnetic tape cartridge. An exanple of a
dual reel cartridge is the IBM 3570 magnetic tape cartridge and associ at ed

drive, IBMis a 1@l 86 Lo cRILARYKir anl M&B@@Bhfgﬁ\?rﬁtbﬁihe]{ﬁ&% 68hé" 21

a
SG doc 2 4 JUL 2006 5A As is understood by those of ski inthe art, a
magneti c t apEeserlrinyndige farwridegiheiasasngated syohratizadedptiee ] G- 8pandi4 wound on
one or two reels 15, 16. Also as is understood by those of skill in the
art, a tape drive 10 conprises one or nore controllers 18 of a recording
system for oper at iFiG. 1hes tdlpev didrt depiictirgcanerdbodimeni b htheamathnd ©f the pesared

froma host .syst.em.20 received.at an interface 21. The tap iye may
conpr Lso - a TR g T sey S B v Sl R onies - BRE 5 T
PCT/ GB03/ 00178

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, a tape drive 10 is illustrated which may implement
embodiments of the present invention. The tape drive provides a means for reading and
writing information with respect to a magnetic tape cartridge 11. A cartridge and
associated tape drive are illustrated, such as those adhering to the Linear Tape Open
(LTO) format. An example of a single reel tape drive is the IBM 3580 Ultrium magnetic
tape drive based on LTO technology. A further example of a single reel tape drive and
cartridge is such as that discussed in U.S. Patent No. 5,432,652, Comeaux et al., issued
July 11, 1995. Another example of a single reel tape drive is the IBM 3590 Magstar
magnetic tape drive and associated magnetic tape cartridge. An example of a dual reel
cartridge is the IBM 3570 magnetic tape cartridge and associated drive. IBM is a
registered trademark of IBM Corporation.
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6 standalone unit or conprise a part of a tape library or other su%éygtémﬁ
The tape drive 10 may be coupled to the host system 20 directly, through a
library, or over a network, and enploy tH& Small Conputer Systens

Interface (SCSI), Fibre Channel Interface, etc. The nagnetic tape cartridge
11 may be insertedgsip &mrstt@dziebglrthy& apskmaﬁmﬂeoa@eg R¥gelig tfaﬁé)%ax%d £1%0
that one or nore read and/or wite heads 23 of the recordlng stem r eads
and/ or writ éemprsasrariengdnofanagnatiespra 14 meound wa eregeretwocraekspkb, 14. adlsotes isape
is nmoved |l o ' I y r e t net

compr ses. a g arEbaRy esRr SRR BinfREC, WBEURVE 16 SmbRSe ARG S| BRGgers
formats, sudB @fsa ré@rdin® siystemasor a;iemtmg tIhBEtapet deiek $n aceordsnic@ngiRll domngands

ser penti ne back d forth patte arate S,.,as is known to those
of Sk iR ediom Aoy SSerraslureiuSt Robantcare Tt e FrpeRE VA CompSs
recordi ng system conprises a wap control system 27 to electronically
switch to another set of read and/or wite heads, and/or to seek and nove
the read and/or wite heads 23 laterally of the magnetic tape, to position
the heads at a desired wap or waps, and, in sonme enbodi ments, to track
follow the desired wap or waps. The wap control system may al so control
the operation of the nmotors 25 through notor drivers 28, both in response
to instructions by the controller 18. Controller 18 also provides the data
flow and formatting of data to be read fromand witten to the nagnetic
tape, enploying a buffer 30 and a recording channel 32, as is known to
those of skill in the art. As discussed above, nagnetic tape provides a
means for physically storing data which may be archived or which nay be
stored in storage shelves of autonated data storage |libraries and accessed
when required. Tape drives often enploy a "read after wite" process to
insure that the data is witten correctly to provide an aspect of

per manence. This permanence all ows-copies of the data stored in nmenory or
di sk at the host system 20 to be erased, knowi ng that a correct copy

exi sts on magnetic tape. The avail able storage space at the host systemis
relatively expensive, and there is a desire to release the storage space
as soon as possible. Hence, data is typically transferred through an
internediate staging buffer, such as a hard disk, to the tape drive, and
there is al so
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a desire to release and overwite the staging buffer as soon as pod&iJtL €006
In the instant exanple, the staging buffer, if any, is considered to
g(é;r_})&gg/ ggrt of the host system 20. 2 4 JuL 2006 WO 03/065374

178 7 in order to release the staging buff necessar
to have aW0%8&¥H¥ance that the data has act ua?l ygbeen EBEB‘PZ?&IﬁW t he d
magnetic tape 14, and is not just i a volatile DRAM storage, such as
buffer 30, and may be lost if power to the buffer or to the drive is |ost.
Thus, it is often desi rable to "synchroni ze" the data, requiring the tape

drive to q:an?ahr?et ld{:ill or Qﬁ(a@*ggehgoﬁgl %t‘. ea" t;pg ﬁ.bel & byRe scﬁi)s Qémﬁnd or an

i ndi cation e _comen as been o cce xecut ed,
until it Fgstargctdut M "B hT TPBEY 'H’e“&FaE‘%ftt ?Ysﬁemdﬁlé”ec %hcré gi%y, t he
magnet i ¢ lidperylder ovgmce netrerkared Rerdoph&bh SHRit QTRuYeE St*’l‘iée“‘l‘ihagnetl c tape, if
power is imstfact hecsmlatraboaphdneel emevirced eke.om t he t ape, whereas it may not
be recoverable froma volatile DRAM storage of the tape drive buffer.

Var i ous exampl.gg ol SYNEHLO0LAL NG, MERL S Ll diake chd 1ol 564 20f

synchroni zin are novvn to those . the | one ex I
of a syncﬁi‘jo?u‘?aff%ay é\?&rﬁap? §EHFY f]éatFoWee?rra'r“ recﬁer?%a /i hEadEI mredi a? gp ©
bit set t# ®L0be reqiydéngneyniem FRfe FHECTHITivEs if8ETBIEIFY wr‘b*bﬁ%‘?i’ac" Ffredi at el v,
but i nst ea@ h&nétdcrespandasibien tideei < oonea ridndigsdimeiyy] Bt eek or meemi ng t hat any
data sent,as. Pkl e hHBCOMERBGohS i¥Ed LiRGrAuEy b phaieel téucBpestal i zed

case of a r\é\{ll gijFl-:lrL&gar I.‘[n s%ﬂgqggnak§ \4‘(&'!:%@5 EKEGL-FHJ@%Et Ofaboin ltﬁém-r ks field is

al so set 10 meanj n S no dat

its own, %ﬁ?ak% ﬁ;ée Sﬁﬁwg%ém n@erB?ntf.rhe back and Ia)rg pa%ﬂﬁrn ) Iﬁepa a@% whi ch a of
precedes Yi?8S cAfANTCNUSP BasanpT kit ’t’btlﬂeab’ét bef8¢ &° k“°6’bﬁ?réh%f “conplete is
sent. Anothekildxanpleaits thehrrsprde erttet IORFIBRA PefaRl coWirPt &¥#sle
inplicitly requedtromgcallyysahetond aeother seach need endlor Refier héadg. to FIG 2,
data is tyRi/galkl cbeard q@ae Rk BEGNSL)6 LARE nes@uENkicahily wi the only short

9aps bet \Aeepletgl%tt% es,ett§ 0 1q: ox?)&ﬁngds &t!@ﬁ@lreg%é%%ﬁtv&a&l er?ld 312 32 and
33, etc. be I.nt er bl ock IBG) pattern,

or may coﬁ’d‘F %‘@"d&mfﬁ‘f’a tgeiragé 81’13{"0%” ‘% e BaR &R, as |spknown to
t hose of odeirdl pystem@aypiso mrg’aﬁh%agﬁrebwﬁrqfs@eawtaﬁﬁt GaIPEMPRcor ded
portion angtoa qpOvers (u8, thoalt insreppwmes dedinsfigrtions by the controller 18.

Controller 18 also provides the data flow and formatting of data to
be read from and written to the magnetic tape, employing a buffer 30 and a

recording channel 32, as is known to those of skill in the art.

As discussed above, magnetic tape provides a means for physically
storing data which may be archived or which may be stored in storage
shelves of automated data storage libraries and accessed when required.
Tape drives often employ a ‘read after write” process to insure that the
data is written correctly to provide an aspect of permanence. This
permanence allows-copies of the data stored in memory or disk at the host
system 20 to be erased, knowing that a correct copy exists on magnetic

tape.

The available storage space at the host system is relatively
expensive, and there is a desire to release the storage space as soon as
possible. Hence, data is typically transferred through an intermediate
staging buffer, such as a hard digk, to the tape drive, and there is also
a desire to release and overwrite the staging buffer as soon as possible.
In the instant example, the staging buffer, if any, is considered to

comprise part of the host system 20.



exanmple, the LTO format DSS conprises a tone pattern between data s&4 SUL Ags
di scussed above, the tape is witten or read while notors 25 of FIG 1
nove the tape longitudinally. Data typically conprises a string of records

arranged | sets, each with a DSS, which are wi nomi nal
spaci ng. %Ogﬂ%g%am onal ly, typically when the bufferpéﬁegdr@ﬁ)ﬁ hr is the

tape stopped. However, if the data is’synchronized, it nmust be imediately
witten to tape from the buffer, and only after t he synchroni zed
transaction has been witten to tape is the transaction erased fromthe

buf fer and \&%rwdelt 6 Me184E Nnt Nabgiint @Ot cbes hhiResdib]@Chavafana conti nuous
data flow. saurance Lélﬁa Q}Qe d?m'sps?’/aCQ:QSﬁr%AlbeB (?QJI?t%e hﬁgﬁ\’e%lc %Xpé)hl’ oni zed

transacti ons |nstead I nmedi at

rate_ bursts for
each synchroftdzit foh J\éﬁfeh‘t 3 Reatife BRAS §FEa9%f £ %fn@ufsf P%g 87 "% written
for a synehiosti zedoverayestlet bufifer ion tehtheptiive iarkesof THRPGit2is eifePnsure that
t he dat a s&fisarae aoClsgsairynizpacee datdheregoitingltherrageBdrigk 46| @t | typically
operat es {hQrsEdBak 8dmprecdaN dondtuoft eliyip¥ &tScdn@ardl Gf ard hetitapenafter the
data set. . 50ng,.f éoWan% l@s%e@@%@ A4 ol Dict & kbt dxScutk&AUhdi€dict RasSt Op t he

tape, and_the tap packhitched: ..t rs y he end of
the previ di$? Jdlét 3 sett%'EJ t{’e pped 90 AEGR sge%lfég\ég er@rget é%neg.% ?%qshged in the
is

ori gi nal PHceekE] dHa ByS Ren f"F’rfée’l &tthf'“ HBIRTAC GPPY hiF f’?‘ﬁ%tls H’eftta

reached, ¢aratdpatbe heeoBBEd fmeh the taret Wheatad Sefawrbgt Be r@pdver®he As is
under st oodrohya tvbs €1 e0bRAB kdthtaderost Bige eade, drtihe bbeekhi t ch process consunes a
consi derabl e anount of tine. Thus, if a large nunmber of synchronized

transactions a/. ?10(19 eggnpl§§ gE %gnchtrbx%zg Q\L&bsplwﬂuc(ﬂf haTVQQ:hEaeQ@ecqr /€ is reduced

dramatical |y, As %a ti aln,vary f about half a
second toB’S\?a’fc’"f‘rff‘% the)éég%ﬁr F fm%( i3 ethS% )Iél 69623, records 50-53

are synch®efpzett 2 ¥ppen s eée"ttr’a?ngd’(fﬁ ﬁ”\ﬂ“‘% EOHBY ‘%"é hufidr eds of
records, buedignppittsehigat' i ofklsofeaspchpredb? drvacif artet? FPEROPE at ed for
descri pti imeiatplysesit inereidnis td respon@mBerc theoromoantphiss eerdtted, record, or
group of KREOd6hateifiSdath ehthas Maddlloe bk @mthat assetirtdnhen entcéred Mar ker

(EM is V‘ﬁ's&:&:ﬁﬁlf‘z@.d %agep@% a #hal ARG beRBhREeis Ghetdale dadar 28t IS enpty.

Typicall v, SaGh. SYACI I8l Ld apsagthofl bl Bliited: ARapePar ate data

set, and
command has no data of its own, and the only meaning of the command is

that all data which precedes the command must be written to tape before a
command complete is sent. Another example is a host selected non-buffered

write mode implicitly requiring a synchronize for each record.

Referring to FIG. 2, data is typically recorded on magnetic tape
sequentially with only short gaps between data sets, for example between
data sgets 31 and 32, 32 and 33, etc. These gaps may be written with an
Interblock Gap (IBG) pattern, or may comprise a Data Sét Separator (DSS)
pattern 40, as is known to those of skill in the art. The gap may
comprise an actual unrecorded portion and a portion that is recorded. For
example, the LTO format DSS comprises a tone pattern between data sets.
As discussed above, the tape is written or read while motors 25 of FIG. 1
move the tape longitudinally. Data typically comprises a string of
records arranged in data sets, each with a DSS, which are written with
nominal spacing. Only occasionally, typically when the buffer is empty,

is the tape stopped.

However, if the data is synchronized, it must be immediately written
to tape from the buffer, and only after the synchronized transaction has
been written to tape is the transaction erased from the buffer and
overwritten, such that it cannot be the subject of a continuous data flow.



illustrated in FIG 2 as data records 50-53 in data sets 31-34. Thug4 fiiens
prior art process requires that the tape drive 10 backhitch (shown by

arrow 71) after witing data set 31 (to synchronize transaction record 50)

, to be positioned to wite data set 32 with a m ni nrum_anount of DSS

pattern i NOBOMIE; to backhitch 72 after writing dat ACYEBI481,

synchroni ze transaction record 51, ane wite data Bet 33; etc. The process
continues until all of the synchronized data has been witten. FIGS. 1 and
3 illustrate enbodi nents of the present invention for reducing the nunber

of backhit,ches muden d e recordin
syst emfo% % gé?crher?ed'S)éP&EEéﬂ%segnsq@&cﬁ Jt b@QPit@gq)Qm @?arualy t:.'ll-.g of FILG 19

ri
conpri ses S%&ar?'ﬁag‘lrs%émbﬁf‘fheFy'f?gmnff)artg S‘r"?“g éat ac S‘flg orrmorbef dat a
transacti 8# $&5 be whrtten épr ﬁoswﬁh@ﬁé&eﬁc“rﬁ%sﬁétlfﬁ' létthFeP&é?r 8he°f ecor di ng
channel 32icouplkedntwrettret bk fdara shor aopel@elngrared] eesrownelleedd/ wite
head 23 fgf g tll@gléaw\sg@xtatémshe ££:081 dybeerbarff @itot @ries nBgebi ¢ tape, and

at least one contiollgl by .24 ik 399@ M0.03/ S85374. POUGER3/ 001789 I

one enbodi msn?pe controller et ect sy| onized re
transacti 6FUTEEEe sf‘fpaﬂéeaﬁat corf™ t&’Srtd‘p%ds &Ck\% hdﬁ erse%{he buf f er

30; writeBeyond tHEteeétOéothgyﬁfem%*mdz"éﬂ Bf—‘f'aﬁ%“&e?‘} 6?F1Pe66? &C%ﬁer%‘ef‘ PEM 60,
fromthe bafsberd trothheriapietimectimpebyathedeimg that 80 end @Avide Hnstel ongat ed
gap, CONnprits 5 8 redthedosdledatgar: asAnt thw hétednts epparay dre wiighal-s 90
(e.g., DSR it0uabecbROPE LS et SPEKN10! inOWengrtl e Wakkiiesh sydreky oni zed

transacti ogns%a&o Id ggdgggfeaaﬁg;ﬂt%(}) eimgONtinuing the gap with or wthout
separ at or ghal s 80 unt | subsequent |y received synchronized

transactlon 51 (data set 81) is witten to the magnetlc tape follow ng the

separator si grile; 18fd 1 EpEATeTt te SEPERE FON-BPS3 SPACHE o1l 2ed recei ved
transact i ererge. ghe thwughrdt ) theypdpedrgve he rddiced eamagigiehr-omsz&d
transacti exampbs BakhitsRitifds) carangkywedohi abgutt h&l fgapeoindsepereat dresi gnal s
(e.g., sep&abdead.gnals 91), etc., for each succeedi ng detected
synchroni zed received transaction, such that the tape is noved

| ongi tudi nal | v, durd ggathe oz%&)@aa?dreggrh;lsagsav»slteh%h Shongi ng. Thus, there

is no backhitch © drive con yncpronlzed
transact i 6ﬁgcﬁlﬁrhdufra§fﬁb?nnglll comprise hundreds of records, bu

transactions of one record each are illustrated for descriptive purposes
herein. If a transaction comprised of a record, or group of records, ends
in the middle of a data set, then an End Marker (EM) is written to signal
that the remainder of that data set is empty. Typically, each
synchronized transaction is formatted as separate data set, and is
illustrated in FIG. 2 as data records §0-53 in data sets 31-34. Thus, the
prior art process requires that the tape drive 10 backhitch (shown by
arrow 71) after writing data set 31 (to synchronize transaction record
50), to be positioned to write data set 32 with a minimum amount of DSS
pattern in between; to backhitch 72 after writing data set 32 to
synchronize transaction record 51, and write data set 33; etc. The

process continues until all of the synchronized data has been written,

FIGS. 1 and 3 illustrate embodiments of the present invention for
reducing the number of backhitches for the synchronized data.

In one embodiment, the recording system for a magnetic tape drive,
e.g., magnetic tape drive 10 of FIG. 1, comprises at least one buffer 30
for storing data in the form of data transactions to be written to
magnetic tape 14, at least one recording channel 32 coupled to the buffer
for operating at least one read/write head 23 for writing transactions

from the buffer to the magnetic tape, and at least one controller 18.



To conplete the exanple of FIG 3 for the four illustrated symﬂwcw%ééHLzms
transaction records 50-53, the next synchroni zed received transaction 52

is detected, and is witten as data set 82, and the gap separator signal s
(e.g., se r%fg S|gnals 92) are typically witten fo all of the
di st ance P¥He next detected synchroni zed receive transactlon 53 is
witten as data set 83, etc. Thus, nosbackhitch is reqU|red, savi ng

consi derabl e processing time for conpleting the process for witing all of
t he synchroni zed data. I n another enbodi nent of the present invention, also

i1 lustrated by, El.GgyokiRRd ’t)’he SHACE 10D 16 R JRINEL{feniAPSd Secedie@d by
recursively witing the slync roni zeq goaog"t FI(;I_O presenve .he syochroni zed

transact i 6??:3;‘55?51%’3 P (ARIBGRRR FREC Pover T3l §S¥ the Jata sets 60-83
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have been tf&CtheSbuiEky toWwnhk tnagretid hapares Kacopete 80 nhsavbe apvedpngaited en. First,

the cont rQéA e!’:omlpﬁlsdﬁ& &6 tSir EoPdlat QhNardf o1 YFiGBED Bérzestor teigmAactl ONs to be

vvrlttent netic ta iRl €det er m ned
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n.a certain
T O sCama it iress h At s Iy SRURR A5¢ gt 2 85 WAL
synchr oni zmrawoe[n@aeillsomuméécahsmmgﬂé{ resatjeR YBYEOritEh that of a data
set. As diisfidss&86n abopasa thresl)y ps ealttsy nehimemiageit raps deltlpeimg2thd JUL 2006

WO 03/ 065@2%;:?&];/ @le/so%z&e%&tsit%ew&éét@&h bO at ARGurodlMdat hresivelie
§,hn

transaction |s grased fromt Y, ec{&gg gg @,§_§wance that the
transacti GFRASTBLAR T iTEEN and %ﬁng it Tost as result of a power

| 0ss. The tEBHEFEEPT s BBLAFTY BY ead’(‘,’h“rdé’tr@c?'@dgaé’ ?‘Fc ﬁ?%‘ﬁatfeds ‘Fi%Rsacti on,

i |1 ustrat @¢el.gas sepymtor diBals58l) , oftct héod@@tﬁwe?ﬁam @eteFPOm t he buffer to
the magnekint@pged dece@ved. tradsceiing seb shd0 B3 ragpbiv @evePr evi ous

synchr oni é%ltﬁéﬂai%tdu@ﬂ% afe ihea.detectvd pakduerdtopmyg berexcltuded, havi ng

al ready beenow!acam% i Bpd e, MBADET Sl SCHssed - RROYE Habobeithe pattern is
det ect ed. “ThU 3, . the previous synchroni zed transacti ons may

conpri se t‘ﬁaé‘sb?tév’i‘ kY ﬁt §mgUpon writing each synchronized transaction
of the detected pattern fromthe buffer to the nagnetic tape, the
control | er accimubmies tireesyriehefoRiGed fPF #He 614 dHUPHaEfe buffer 30; and

synchronized transaction records 50-53, the next synchronized received
transaction 52 is detected, and is written as data set 82, and the gap
separator signals (e.g., separator signals 92) are typically written for
some or all of the distance until the next detected synchronized received

transaction 53 is written as data set 83, etc.

Thus, no backhitch is required, saving considerable processing time

: } for completin§ the process for writing all of the synchronized data.

In another embodiment of the present invention, also illustrated by
FIGS. 1 and 3, space on the magnetic tape is saved by recursively writing
the synchronized data. To preserve the synchronized transactions 50-53 in
the event that power is lost, the data sets 80-83 are considered as work
copies of the transactions. Once the transactions have been recursively

written, the work copies may be overwritten.

First, the controller 18 detects a pattern of synchronized
transactions to be written to the magnetic tape 14. A pattern may
éomprisé a predetermined number of consecutive synchronized transactions
of less than a certain length. As one example, a pattern may comprise two
consecutive synchronized transactions, each having a length less than that
of a data set. As discussed above, the typical synchronized transaction



subsequently recursively wites the accunul ated transactions fronp ﬁj
buffer to the nagnetic tape in a sequence, e.g., illustrated as dat ée?togs
r1g0, 101. The recursive Wl‘:tl ng may conprise a backhitch to place the

cur si vel j;en accumul at ed transactions follown edi ng dat

W a

99, and w t%%??é ‘honi nal gap. Thus, the synchronized ?Fgﬁg(g?:b??’gns 590 53
have been inmediately witten to théomagnetl c tape 14, and preserved
agai nst a power | oss at the buffer 30, as work copies in data sets 80-83,
whi |l e al so being accunulated in buffer 30, and then recursively witten to
| medi at el y %Ot,ltlerg)\@,’otJAGe REECEY D 0ah8a%n Ns dadsda T0bs tAdRodd1, saving

space. once'the  transactions have heen re
copi es SOS%e%ﬁfirﬂbéhe BURFAIC 8k, %ﬁ'h rarbsaCtl%H i &EL%/ F{Wéﬁé& gg% lYTi nubfa}tme)(rjk

synchr oni p&dbeldpst p8 thedgrEt el § POUF 19%8n nay conprise the termnation of
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predet er mi ned ihbreshehthr suchitas dabie detdenid swfchsapedi typngfctidre buffer 30 to
accunul at ¢, é‘{ﬁtéfgmd&co?& 624, o@ol{mrae%ecttehepaumtfraa teapacieryccof , t he wor k

space for t e Wor |es - hei e ti s 90-92. |
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transact i @itectdd. @xasiphe FidysmeansrofioansachewdzqdotnnsactigsImey. Access

poi nts arg,a NRapg ym'i%ust&g@a LsBO fopsdTRtich QY eslSh@Bmohngd drassdeegionni ng of a

current data record ecor, Th
e al &EP 050 end Bust pttlé%hlaq{agn&gg'tg ongldy identifies the
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PCT/ GB03/ 9%781166@F€W1"1%t663fh?FFéP%‘Bf’mé?‘rﬁlr ew access pol nt 115,

super sedi ngpsefrentivdesrurfively seiyas &PEIWC‘WPH“F%?F%‘V%%P%FE@H % ansacti ons of
the data sefrsr B0er83maghbttiermat itvel yemenaddi B oRbluptEatehes irFt E°ffass

i ndi cati 0Rge WR1. Ofhe RB64HIAANA SR miAYoipeideng erRMt@dtd @ldaediteat e that the
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the data §g't ?ﬁdl%t BETH ss points and wite pass procedures are
wthin the LTO format, as is known to those of skill in the art. As the
resul t, shoul quneuuzhelyen¢thQ1zed transactions 50-53 have been immediately

written to the magnetic tape 14, and preserved against a power loss at the
buffer 30, as work copies in data sets 80-83, while also being accumulated
in buffer 30, and then recursively written to immediately follow the
preceding data 99 in data sets 100,101, saving space. Once the
transactions have been recursively written, the work copies 80-83 may be

overwritten.

The point at which the accumulated synchronized data is recursively
written may comprise the termination of the pattern of synchronously
written transactions, may comprise a predetermined threshold, such as the
limit of capacity of the buffer 30 to accumulate data records, or may
comprise the limit of capacity of, the work space for the work copies 80-83

and their separation signals 90-92.

In the embodiment of FIG. 3, the controller separately writes each
synchronized transaction 50-53 from the buffer to the magnetic tape, in
the example as data sets 80-83, and identifies each separately written
syn¢hronized transaction, for example, by means of an access point
110-113. Access points are a means under the LTO format for designating
the beginning of a current data record or records. The controller

additionally identifies the recursively written transactions as the most



before the work copies 80-83 are overwitten, exam nation of the acce
points and/or wite pass indicators will allow a correct recovery t?@ZUL 2006
Ewlaccjie..4 A\rllmal t_erna’w ve enbodi nent of the present invention is illustrated in
, erein the controller wites each synchroniz n tion 50-53
of the defMRPEEBPhttern of synchronizing events from ﬁﬂ@’tcb&’@@ to the
magnetic tape by witing data sets ofiitransactions, and, for any partial
data set that was not filled upon witing a transaction, rewiting the
partial data set and appending the next synchronized transaction that is
being wri LLels 108 PALLLA! it 305 GlndvSaRBIALAGH 15 OBUIhSeAIR) Anaccumul ated

in the buffer 360 S, a transaction of one, or r
shown as rewbdedFerF ately ‘frtié'ffns@’ﬁél?réf?jeﬁeé CEAPSRSHSNE Of 5 U%)S?'fs(r)\(/a\ggrg;’ an
End Marke®o300 astecuostprélyi oryaddiptaneliyl tdaraitepassTHECH e "BSSIF30 i s
witten, anéh &die ddtangasd intehantar colnvdiztedehar thef feenrB@elyThetswbsequent
transacti Qp, 0l di SnARRE AR HeOndsh e8GR UEBHY AleBb kARG @6 IiadtBflelin data set
121 whi ch 1o W1 TED:.caURLNG, LEANSACLIA0S s CRE abhiealdisdo BRI Ladth
transact i SFPEY Y Tt iRcTldes Brevi ous data. ets) to be rewitten and the
appended PFeEAs OLIEAS1VEEe BRSWPTIELNE 87T 4pe "B that thefe i s a
concent r akion tof thdse afr HidhdnitBart AsAyshe reetlt1 34048 RSO S 183 ti al data
set, End WhfdeerthdGbrk Sopires t0e# agndveriel tdat aexsptnation ¢f& theop¢gfied by DSS
131, and LEaRSaahjRMbBle ipisAediBMons @dli Bllche botfrber redbheyprobess
continues as the subsequent transaction 52 is appended to the accunul ated
trqnsaf:t![ogstSO and 51 of the partial data set, and the rewitten
accumul at e ransactions 50, .51 and the synchronized t, L
written as dat¥ kteEratsy gHRpAIEt e %ﬁ%%’tamagfté‘msgf 1%{;}12‘32&%8%(1?1 i I5I2e3r © it
i s again resw it teereis bh casrrdbiien Wétes]1gEh yREhronieR LT RMHAT P IFPel data " set
IS Witters thk deSedied lpatiges of ewhshrbeirias egennortkore oy bufflee tpeWei tten and
appended woidet &ne SENGNLOIME AL dadal 2SRt tRfAsdcSions(ant Eoednagatthel nost
current CaRY LDer LRl vask Q. EXAIPLEDY I BANS 2fneabrioh NeERTBRGEMeW | t e pass
P for LNE0RteSely P adlearliasad AREUSncitol sldlerd0G 100 Q03L 065374

PCT/ GB03/ B8778" 12 & aBHERERTTYS Upon re ursively Wwiting the data sets
the cont r GFIEr*ristrdi t iTBRARTS2F FBR PFY &8 THE Feclrs| \feftiatavvrcl tTen ’
transacti gnsthaduefas Hpsf FIG- 1. Thus, a transaction of one or more records,

shown as record 50, is written separately as data set 120, followed by an

End Marker 300 as comprising a partial data set. Then, the DSS 130 is
written, and the transaction is accumulated in buffer 30. The subsequent
‘transaction 51 is appended to the accumulated transaction 50 in data set
121 which is written, causing transaction 50 (or the last part of
transaction 50 if it includes previous data sets) to be rewritten and the
! appended transaction 51 to be written to tape, so that there is a
concentration of the transactions. As data set 121 is also a partial data
set, End Marker 301 is written, and the data set 121 is followed by DSS
131, and transaction 51 is accumulated in the buffer. The proceas
continues as the subsequent transaction 52 is appended to the accumulated
transactions 50 and 51 of the partial data set, and the rewritten
accumulated transactions 50, 51 and the synchronized transaction 52 are
written as data sets 122 and 123, etc. Once a data set'has been filled,
it is again rewritten, such as data set 122, and, after that filled data

set is written, it is no longer rewirrten as a work copy.

The rewritten and appended written synchronized transaction is
identified as the most current copy thereof, for example by means of an

incremented write pass “WPY for the data set, as discussed above.



current copies thereof, for exanple by further increnenting the wit
I'1TWPI, for the data sets, superseding the witten and/or i genti fied 4 %1??006
\t‘l\fV\I{I tten anddappendedfvv&l tten synchroni zed transacti ons. For exanple, the

Ite pass indicator o ata set 141 for transaction rewitten
for the fMO&B%$He, is incremented to ,,wPl,,, and tﬁg%\?ﬁB%ﬁBass
indicator for data set 122 in which teansaction 50 is rewitten a second
time, is incremented to "WP211l. The controller then recursively wites the
t(rjansa](c:tl ons 50-53 as data sets 145 and 146. The controller additionally
identifies the rec“rn%&%’,ﬁh on%%'chés Oelg hARAC eOBS 8% b NendRSAe 6118 €Nt COpy

t hereof, i ncr SRR for,'t he dat t 14
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to "WP1l1llwyp«Agai the @atdees) esperbeding hivubvditpeowend/ioe Jdentifirsf ore t he work

copi es 120-123 ar8a0MeEMekl trBlten GXARbNAbd @Par@bhcdibes. Wit e pass indicators
will allow a correct recovery to be nade. AIternatlver, FIG 4 represents

a further alternative enbodi nent of, .separate h
synchr oni zed tTearfeaBtForde dFSUBYEd "8hT caQ“ 2 JaX? se{ ﬁg gﬁalct em;)atsge
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i s indi cat@d prn@nnhaGeess pei idid4Or I42 datfheer, 122 fuybi@t PER*SOL9%S | ndi cat ed
by accessy fqls NewditQen bl SMASACLIRN 231lidcSemehtddi €At DY TRC c@8S0oPernt 141, etc.

The control | er I‘?Cll‘,llg ivel 5 nd EARsaGt 28 238 dal a sets 145
and 146, 5ME HFdrtienalty icds %ntt %1 Elp@[ot:} he ?ega%ria?\%%ﬁg&l tt en1 transactsl ons

as the npgke G'ERtF%]rther BVlP‘F?éPéd entiEhgh| BYi 136 A Al cass poi nt 148,

super sedi ngprskesipricnt ithe @dsts eWarHt B8y CARKFALt SICESPREHPS HPS &3 15 Biact i ons of
the data $ef Shdafkal2a 1Reternimgg toarshGion 50jap additionahstifefe enbodi ment,
wher e the.‘mgnearnaqnc;ea@&lgg)rmg iws 8% paspl sk alnktaatofsevriapsontsdningas i n an LTO

systemas di scussed hhe ggn;zrgl,luﬁg w18 29finl 143 tle WEui€sS the work
copi es of P&t" Pead rgv(v)n ?r %etso nchr oni zlqg AQ 1rxllsact E&Q?ct%fl the detected

pattern ofhbfd|nenst Poiest B‘F“fﬁéh?)lwﬁ’r'kal:?‘fles are IS separate from
the wrap eeamiwtétn iof thiel Yrits@agsetidi S1-GE Vl%r ‘F]tlt’ér‘? CeFﬁﬁ%t T4 dd " wor ki ng
copy is fxedaon the tape before.the final set of transactions in the
exanple, are recursively witten. Specifically, in the exanple, the

pattern of Synﬁrlggﬂgﬂﬁally, %&.tier@presents a further alternative embodiment of
separately writing each of the synchronized transactions discussed above,
in that the write pass indicator need not be updated. Instead, the active
copy of the transaction is indicated by an access point 140-142. Thus,
transaction 50 is indicated by access point 140, transaction 51 is
indicated by access point 141, etc. The controller recursively writes the
transactions 50-53 as data sets 145 and 146, and additionally identifies
the recursively written transactions as the most current copy thereof,
employing an access point 148, superseding the identified séparately

written synchronized transactions of the data sets 120-123.

_ Referring to FIG. 5, in still another embodiment, where the magnetic
tape comprises a plurality of wraps, such as in an LTO system as discussed
above, the controller 18 of FIG. 1 writes the work copies of at least some
of the synchronized transactions of the detected pattern on at least one
of the plurality of wraps that is separate from the wrap to which it will
be recursively written. Thus, a good working copy is fixed on the tape

pefore the final set of transactions in the example, are recursively

written.

Specifically, in the example, the pattern of synchronously written
transactions is detected after data sets 150 and 151 have been written on



transactions is detected after data sets 150 and 151 i
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g:‘rIGZICtGI 02 ;)f alrrO}LN 161. ;I'lhe controller operates the wap control system 27
o electronically switch read/ wite heads

and reposPi®YH{he tape head 23 to a set of work cob@ﬁﬁ%g/gﬁﬁgggﬁt ag seek
accunul ati ng backhitchl ess waps 180rand 181. In one enbodi nent, the
controller 18 designates a plurality of waps of the magnetic 'Eape 14 as
work copy wraps 180, 181, and, upon detecting a pattern of synchronizing
events, determ,nes ‘Q’ﬂf&b%eacﬁ?@c%%o& Ot tabfoww:Lk TRORYNMEBRS dpefites s a seek,

or may be" EBHATCT & ectroni cal |y,
read/ wri tgeheaasony el Y] &% FEqui f\g‘dﬂec{ wﬂmaftﬁPy e {:Ifr%q%lﬂ %ltrg}gslegf

| at er al | yheafis t bie turcapbict tsheeakoridr tPPEItiFB taeFaRY %eaa %F‘ka ¥65RF wrap havi ng
the qui ckgsk ®gekraphS sabh QX adEphiirlatihe bgckiht kandbssseaks MY anddsto the cl osest
avai |l abl e work copy wrap. |n anot her enbodi nent, once a work copy wap has

been sel ected, th tr
bosition of LB ong eqtollnit, | (e o nt).% i&rm Hségm%s R sﬁﬁsntltm,@gmawﬂ nal

e
writable gbat&%mwe‘tlﬁetapge’l‘e%% éﬁFk\/\EﬁpK ‘g’ébsy E i naeac"ﬁo'T g%gk e%lgngle
di rect i onpdtrem ¢thagnchraaseimy evientrgi deeimiags PRSP BFesorfiR BBATFDI | er then
oper ates tdpp wipOE&uabes & heek Wapax batoonducPed alrdtichécp dadpvitfti@dhead to
bﬁgl n wi E@atch%fe'}x,&cbgtoet zQ6k/wt{:ANSAEE .| OIESaideelt he dequigkd udiwnadh directi on of
the sel ec%}ﬁd W‘ar S SRRY 1‘@@&911)}1@%:99 w18, dhealesd1 Wy i@bliecspacerki n the

exanpl e copl es 0-171 hen writte O I
backhi tchF‘é’gs"’r\ﬂP ﬁﬁ?“igé‘ea%c’ieﬁ SSFT rs%s P efﬂ"éﬁ%n re}écgliutggg%f g&g;}.{rxgwatlégg and

‘then in thetdltﬂle@ﬂﬁf—ﬁt@I"a’a}iaPWﬁ%Gc"PVﬁ’rf“he exanpl e, the work copies are
witten in the nanner of separately witing the synchronized transactions
by appendi ng, mnghoenR| apbdigettheorsecesskpaipatieap bakibeen pefeorddng- e he
Elevvrl tten, ggilg!qurdqtsema,l,gs aR piekatt rabamainal Flogitidn of Tive rea¥er sal of

i rection bet ween aldal h%fﬁr r Qs 188, hiheb hake Rfic ik Qead86: ey Ovi des a

reduced di §’ttance hi t.ch
R R S 1a§%%?22%t;§%§e“;? i

the work @&eniiesifalorpsi Hendi i”é"cf?r&ﬁ“d‘f*r éP?rb\ﬂPTSBES A f " arrow 186 may
conpri se the @otnt It awhibh redvéwiio fhepd 39 beginpydte |the Sysghgppized

transactions in the longitudinal direction of the selected work copy wrap

having the greatest writable space.

In the example, the work copies 170-171 are then written on the
accumulating backhitchless wraps 180 and 181, first in the direction of
arrow 185, and then in the direction of arxow 186. In the example, the

} work copies are written in the manner of separately writing the

) synchronized transactions by appending, and employing the access points,
while ignoring the rewritten data records, all as illustrated in FIG. 4.
The reversal of direction between that of arrow 185 to that of arrow 186
provides a reduced distance for the backhitch process, and, accomplishes
one reversal of the backhitch. The reversal point for switching direction
of writing the work copies from the direction of arrow 185 to that of
arrow 186 may comprise the point at which the buffer 30 of FIG. 1 is about
half full of accumulated synchronized transactions. Various algorithms
may be employed to determine the reversal point for switching the
direction of writing the work copies. The goal of any such algorithm is
to reach the original append point (to recursively write the transactions)

when the buffer is full of accumulated synchronized transactions.

The controller operates the wrap control system 27 of FIG. 1 to

access the tape head 23 to the standard wrap and the synchronized



hal f full of accumul ated synchroni zed transactions. various al gori MnJ\.L,JL Zr[my
be enployed to determne the reversal point for switching the direction of
g!t!nglthe Wo&k copie? The goal of any such algorithmis to reach the

i gi nal appen oint (to recursively wite the trans gwhen th
buffer i s“&ﬁ‘l’ 06 F accunul ated synchroni zed transacti o%?”;ﬁszaoclzont roll ere
operates the wap control system27 o8 FIG 1 to access the tape head 23
to the standard wap and the synchronized 2 4 JUL 2006 WD 03/ 065374
PCT/ GB03/ 00178 14 transactions are then recursively witten fromthe

buf fer -t o, L e 31 ARCA endr AR, 10} THEAiA! £bi AL Esdrne, Presedhng data 151

in the di rection of 161 at ts

170- 171 nﬁvpt‘rféni"ﬁédlaé?}é’r\%’\éw“ftté?wprﬁﬁg ?rag 3 Bt B elgprem%ﬁ ‘WF hgoﬁigiem
i nvent i onamee Y61 #Bewnaredata petE|IES: BhelPr"R%‘TpéF? |171?g 1175 "‘f—”f ége“ 3, 4 and 6,
in step 28&rwslaten.is received at interface 21 and, in step 201 is stored
in buffer 30. Step 203 detects whether the data is acconpani ed by or
followed by a g]%ﬂ}{naqnén%'ﬁs ng rﬁ‘e‘éﬁm of thlGRedalint iR 18] aRSAnisOMELS tO be
synchronlzecbi e datais witten to the magnetic tape 14

enpl oyi ngi® FESY nEl* al gorithmin step 205, for exanple, witing the data at
a time selected by the tape dri \_/e typically to maxi m ze stream ng, which
may entail delreyémxgnd he Fsehrt, 8f 4 aud €4 AP, stem 28qdeTicE "&8dPdata set

separ at ed; fe0flct e P VinOkiepdRh A 18 &ftorddy im bI3Sr Adporstelerectiptoatol a

synchr oni Vel Qgexevlgenha@at 1§tag&m359§ed §§ %Q 20fouel GSa sPhdnrénichiRCkveat, connect or

206 to def ect p Sync t
proceeds £t 'fhé‘ '%57"3115“ §%8p ! g &Qorﬁ‘éﬁé‘ o M{;ia%%ﬁt%é':rzssﬁ t?gﬁ

to tape, BFitheY t%1§h?)é’\a?“e(‘if° ttﬁ%'* b‘aF‘E‘pelPYlmga% “W“laF af)lg“d“ttscusse or' as a

si ngl e tr ansectmbbn. wiSte PB8datetatr aitavs selfiferhiy Hhadaphdrior data for the
transact i eypibasybeefaxesehedeansy, wficnoty encyidl égapagktertate gt 207 to
continue Wiictid0id REqdAted. eRNGRLd B 8Bshrafed fidharrkogretives tdaamsaction is
sensed ang th SSdata as been witten to tape in steps 207 and 208, in step
210, the controller 18 si gnal s command conplete. Thus, th(i host system 20

may rel ease the staging buffer or
Upon detection of a synchronizing event at step 203, step 204 kicks

off a check at connector 206 to detect a pattern of synchronizing events

as will be discussed, and proceeds at step 207. In step 207, the
synchronlzed transaction ie written to tape, either as part of the pattern
as will be discussed, or as a single transaction. Step 208 determines
whether the end of data for the transaction has been reached and, if not,
cycles back to step 207 to continue writing the data. Once the end of
data for the transaction is sensed and the data has been written to tape
in steps 207 and 203, in step 210, the controller 18 signals command
complete. Thus, the host system 20 may release the staging buffer or
other source of the data. As an example, in FIG.'S, the detected
synchronized data record or records 50, with EM 60, is written from the

buffer to the magnetic tape as data set 80, and in FIG. 4 as data set 120.

In step 211, the controller 18 leaves a gap and/or writes separator
signals (e.g., DSS8) to the magnetic tape following the written
synchronized data record 50 (in FIG. 3 separator signals 90 following data
set 80, in FIG. 4 separator signals 130 following data set 120),
continuing the gap and/or separator signals 90, 130 until, as determined
by step 212 and steps 203 and 205 or 207 cause a subsequently received
transaction 51 (data set 81 in FIG. 3, data set 121 in FIG. 4) to be
written to the magnetic tape following the separator signals. The process
of FIG. 6 thus repeats the detection of synchronized received transactions



other source of the data. As an exanple, in FIG 3, th

synchroni zed data record or recordsméo, wth EM 60: isew(rjﬁ Sg;e?rowtﬁtﬂé 2006
IblI:llffSterept(Z)lg_het Lragnetic Hape a; fjata set 80, and in FIG 4 as data set 120.
_ : e controller 1 eaves a gap and/or wj

signals (&0¥8s) to the magnetic tapegfgl | owi ng thiééﬁ?@@@?\t{ ator
synchroni zed data record 50 (in FIG 18 separator signals 90 follow ng data
set 60, in FIG 4 separator signals 130 follow ng data set 120)

continuing the gap and/or separator signals 90, 130 until, as det er ni ned

by step 212 and. st nd .2 - i
7 ansact i ohoBL LA Aot gE o e s e o be
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2 4 JUL 2Q06td80:93h0652d 4 PeIleEROBIBCUPS, F6ch (atgthe $aPP UStTHERd as record
51), writipg.then.delected S¥nepEaRhze0kiny anwactstomsnd asTidat ahest 81, 121),

and witing the ga an r i . ' ;
1) o 18 et SO o PRI O S ulesone sepmcaar 51 onal s o1

transact i §REPOSUCHRPHEE the tape is noved |ongitudinally during the
repeated witing wthout stopping. Thus, there is no backhitch, and the
tape drive contdnfitesr 206 Weddsetd RES-t T-andferiishde BiPS hout® st 6?ﬂ)i7ni;. Connect or
206 | eads gh@.FdGenel maghediRr fapBJist eavkd . rebyrsByeld wrmeing, thespace on the
magnetic tape is, saued Dy,reesoé (el Y- Mshtdibgs 613 syachewnt zdat data. To

preserve the transactions 50-53.insthe QUSNLdaNad vol0 | s¢lt@st, the d
setis 80- 8B°%Fet oM dEFf SH-as Work copi sder worltO¥Sied 3¢ €S ¢ cata
rdered as V\DI’%( .copi es of t%gurstl‘;ealns‘%g“egpsmeChce t he

transact i ¢rsnsheiiensediic? EBurtsIarste PEYeRe" WOrk copi es may be
overw i ttenrk Eemis¢ may e Svepr22Fr- t he controller 18 detects a pattern of
synchroni zing events for transactions to be witten to the magnetic tape
14. As discusspdaboyecef 2981 ti10 fontByL 160 NPrdeserta Pprasdetrerii ned nunber of
consecutive synchronizi00 :&YeMndad3bnd EABE AR EteA%o0Mel RGRedibanpa certain

length. Th;’#é“ %a?’fléinﬁ’ MRy ot apDear. as,,a.c {L‘é@@Cﬁre%te%mﬁhnﬁme&eofcomnds

or explici \/\AAPt“’é TR al‘iﬁ’u'f appealy I rrg ICit as seguence of enptied
buf f er evennhsecuyive tspghaonigingoeeth PRt BPAC Pt oRTT g‘la\near “instep 221
ds ’

length. The pattern may not appear as a sequence of synchronize comman
or explicit write mode, but may appear implicitly as a sequence of emptied
puffer events. If there is no such pattern, the controller, in step 221,

returns for the next command.

Upon detecting a pattern of synchronizing events in step 220, the
controller 18, in step 223, separately and completely writes each detected
! synchrohized transaction 50-53 of the detected pattern from the buffer to
the magnetic tape 14, in the manner of the process of FIG. 6, with the
gaps and/or separator signals following the data sets. As discussed
above, the early synchronized transactions of the detected pattern may be
excluded, having already been written in the manner discussed above before
the pattern ié detected. Thus, in FIG. 3, and in FIG. 4, the early

synchronized transactions may comprise the previous data 99.

In step 225, upon writing each synchronized transaction from the
puffer to the magnetic tape, the controller accumulates the synchronized

transaction in the buffer 30, providing a command complete in step 226.

Step 230 determines whether the accumulated transactions have
reached a predetermined threshold. As diécussed above, examples of
predetermined threshold may comprise the limit of capacity of the buffer
30 to accumulate transactions, or may comprise the limit of capacity of



returns for the next conmand. Upon detecting a pattern of synchroni zing
events in step 220, the controller 18, in step 223, separately and4 JUL 2006
conpletely wites each detected synchronized transaction 50-53 of the
detected pattern fromthe buffer to the magnetic tap [ he manner of
the pr oce@QOEfP“ﬂf‘G 6, with the gaps and/or separat orﬁcélég(ﬁgplggfol | owi ng
the data sets. As discussed above, tée early synchroni zed transactions of
the detected pattern nay be excluded, having already been witten in the
manner di scussed above before the pattern is detected. Thus, in FIG 3,
and 10 FlGe dieg BELR Yoo GYACOLON 2045 14ANSRE 1:00% 00K Agiei e the
previ ous data 59P*1%n st ep . upon writing each, synchroni zed transaction
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in step 22Rcindlep Z20p:detar sicnes baketdhered P aecouingl tteerkxtr ansacti ons have
reached a predetenninedcthneshol d. As discussed above, exanples of
predetermned threshold may conprise the limt of capacity of the buffer
30 to accunul ate transactions, or nay conprise th it pacity of 2 4
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event s has.cehdeda ¢fankdreiPat {8k nk SurLenid Brd Aghnethetqpeccess cycl es back to
step 223 to wite the next . sSYNCRLANL&Sdidol aRsaGt k.3 Upar &ikkher the
accunul at &0 transatt'i on threshol d, bel ng reached in .,Step23QpQ: UPON
reachi ng #9478 MAF B 14EHY Pt t r A% t2°8YHERT ont Zing evehts 1N s?eep 231, in
step 233, ag ke vestt etk ¢-@cur@gEing” thej 1eeesq R YAl Bi%d®t Finsact i ons
fromthe buté @asd OndikerorBgiietIce 4, apethanacress @qirentds, cb FEE. 4§ | Fifstrat ed as
data set s, JQfhivd QtidiRg Rk codor@ke aSba@dRii@ch 38t A addbramecukdtedf FIG 4, and
identifies the recursiy j n 1iBS en@SridilifpsicaCaprent, e.g.,
enpl oyi ngw’il%ge aacccgps%ﬁ%%d?n%lan%%g%% flgl(ﬁcjiw 3? ch" W irgge) pass indicators of
FIG 4, or the access point 148 of FIG_ 4. The recurstihveOr i.Ling nmay
conprise a badkpdet Bte f3F2phasceer HECHELYR i Wty W Fiten acCumifated
transact i aresnd dbrgenineguirhd prietldFeRiedldp FhgPuffer are no longer

required. Hence, in step 235, the accumulated transactions are released

to allow this section of the buffer to be overwritten, as is known to

those of skill in the art. In step 236, the controller returns to other

processing, such as step 200 of FIG. 6.

Specific embodiments of step 223 of FIG. 7 are illustrated in FIGS.
8-10, beginning at step 240.

Referring to FIGS. 5 and 8, in step 245, the controller determines
whether the magnetic tape comprises a plurality of wraps, such as in an
LTO system as discussed above, and whether the work copies are to be
written to at least one of the plurality of wraps that is separate from a
wrap of the recursive writing. If not, the process proceeds to step 247.

If step 245 determines that accumulating backhitchless wraps, e.g.,
wrapg 180 and 181 of FIG. 5, are to be utilized for work copies, in step
250, as discussed above, the controller operates the wrap control system
27 of FIG. 1 to determine whether access to the work copy wraps requires a
seek. If not, the wrap control system, in step 251, electronically
switches to a different set of read/write heads. If, in step 250, a seek
is required, the controller 18, in step 252, determines the work copy wrap
which can be reached by the quickest seek. As discussed above, this may



since the data has been recursively witten to tape, the work copi
no |onger required, and the copies in the buffer gre no | onger Olroiagéiﬁ'ﬁhemﬁ
Hence, in step 235r the accumul ated transactions are released to allow
this section of the buffer to be overwitten, as is f 4 hose of

skill in WA&YAY™ I n step 236, the controller returns Y&c}m /?erer

processing, such as step 200 of FIG 16. Specific enbodinents of step 223 of
FIG 7 are illustrated in FIGS. B-10, beginning at step 240. Referring to
FIGS. 5 and 8, in step 245, the controller determ nes whether the magnetic

tape conprises a Iur
nab?é)%o kSU&J} é&% I N, daT&2epYSBEMMAas di scussed
above, arkf Weftr&r®S cgacen Seopies ‘are 16 be . n tgﬁatchLeh%% one of

t he pl ur adopEsplge V\Weéb"seat‘ﬁ‘&t”rag °§é*pr§} at’e cﬂ"fl‘b% gpe SeeL S 6" the "fecur si ve

wWriting. lakersaly tbltde predetss vprloed¥des*Po step 247 | f step 245 deterni nes
that accumul ating backhitchless waps, e.g., waps 180 and 181 of FIG 5
are to be utilzedhd 06kl EOPINES beb sSle@Ped, 2530, coasrodlet Uss etkrabove, the

controllef operates Lo, Weapd&&f}l\&ﬁé%' t}‘@/ts:tl@mlezsz)a&i oFltfe wbrit @oslet er ni ne
whet her a%éess G the work agetlﬁdmai pggit,m,r, he wrap

control sY@Pei eaICH lopgifudigy! dg%/eé&f r°m q‘gl re%m@ o ferent set of
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in step 2a2raxleteprod.nem ttep 286F Khe Py @k Ep de&m“e%esc&’i‘ftb%f F¥ached by the

qui ckest $66keiohAhiathing Cihe SRdatabove i tabhé Spareyis2tik duteR0BectAOP03/ 065374
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copy wr apEWaSZ-"Beé’ﬁe’saé?%&’[“’eW“t‘ﬁé5cro°nf"f15Fl?é as, di scussed
above, detrernd messt frdlaving abtre2&ipaiche Wik taqetarot - Udp?/re e i eBach
| ongi t udi gakndi:k@eti@nd baRrmidapl des asemt 140agl L8idi Habt posqhtel on of the

read/writeg recg:\iq% gﬂﬁﬂ@'&@i ”ME?%hetnhﬁ] did eclebodnhavidige ihe, gseatest writable
space. In°st the controller defermnes whether the direction having

t he great %’s""F“WFtaﬁﬁ‘fe “”stﬁ‘arceépec %%e current direction, and, if so, no
change of direction is nmade. If, however, step 256 determ nes that the
tape directi OrstrpIE7 betesmines rether Hee 5wk [cgpiegrare; ¢ be written

separately or appended to rewritten copies.

If the work copies are to be written separately, connector 260 leads
to FIG. 9, and to step 261, In step 261, the work copy of each
synchronized transaction, e.g., of transactions 50-53, 6f the pattern is
written separately from the buffer to the magnetic tape, either as
illustrated in FIG. 3, as data sets 80-83, or as illustrated in FIG. 4 as

~data sets 120-123, each as discussed above. In step 262, each separately
written transaction is identified with an access point. For example, in
FIG. 3, each separateiy written synchronized transaction 50-53 is
identified by means of an access point 110-113, and, in FIG. 4 each
separately written synchronized transaction 50-53 is identified by means
of an access point 140-142, and the rewrites of the accumulated data
records are ignored and the write pass indicator is not updated, as
discussed above. Instead, the active record is indicated by an access

point 140-142. 1In step 265, the process returns to step 225 of FIG. 7.

1f step 247 of FIG. 8 determines that the work copies are to be
written as appended to rewritten accumulated synchronized transactions,

connector 270 leads to FIG. 10, and to step 271.



step 257, operates the notors 25 to switch the direction of tape notiqpt 2006
In the steps following step 247, the work copies 170-171 are then witten
on the accumul ating backhitchless waps 180 and 181, first in the

di rection oW 185, and then in the direction of q’r‘ff%"%ﬁ as

di scussed“péb%%g:’vﬁth respect to FIG 8. step 247 determ nes &gt her the

work copies are to be witten separately or appended to rewitten copies.
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FIG 9, and to step 261. In step 261, the work copy of each synchronized
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data set, M(Zné %yWth;rrlg& Eﬂm%&&@orzzg’ th&\S e @ t €A AR uRuLat &L trdnkadisasst | on

appears a§ recor recar 5Q i d f 4,
fol l oned BY TES? %5'0 TRe p?%gegé ?Fg%%éaq?mt @’Fa@lgﬁg%nlggﬁg arp(g%:r{f%\s to step

225 of FI @ the aghempatef drepsiftiopt 0% he E?iﬁhr[ﬁeﬁtaéﬁ“"tubarteﬁe buffer, and the
process ulctimaaéteby seyaab edebreksyhohrstigpd X74nseftiop Gre M¥iGlen pst fas2
set 121, followed by DSS 131, and step 27§ returns to step 225 of FIG. 7

and transaction 51 is accumulated in the buffer, etc., as discussed above.

The rewritten and appended written synchronized data set is
jdentified as the most current copy thereof in step 280 by means of an

incremented write pass “WP”, as discussed above.

Specific embodiments of step 233 of FIG. 7 are illustrated in FIG.
11, beginning at step 280. Step 291 is similar to step 245 of FIG. 8, and
determines whether the work copies have been written to at least one of a
plurality of wraps that is separate from any wrap of the recursive

writing. If not, the process proceeds to step 293,

If step 291 determines that accumuléting backhitchless wraps, e.gd.,
wraps 180 and 181 of FIG. 5, have been utilized, in step 295, as discussed
above, the controller operates the wrap control systém 27 of FIG. 1 to
accesg the tape head 23 to the standard wrap, either by electronic
switching or a seek as above, and the process continues at step 293. In
step 293, the wrap control system operates to position the tape head at
the end of the previous data at the speed required to write, and the
process returns in step 299 to step 233 of FIG. 7 to recursively write the

accumulated synchronized transactions from the buffer to the standard wrap



next synchronized transaction. Although steps 223 and 225 are shown
sequential ly, both must happen, either sinmultaneously or in either &édét.2006
Step 271 then determnes that there is now an existing partial data set
with at | east one accunul ated synchroni zed transaction, and, in step 278,
rewites tHeO%eHul ated transaction(s) of the data sdCViBINW%Benting the
wite pass indicator for the data setisin step 280, and appending the
present synchroni zed transaction to the rewitten accunul ated transactions
in step 283. Thus, in FIG 4, the subsequent transaction 51 is appended to
the accumylated. £an R935E4, 00, 50re%90dm§,*a§t4 S 5] L6 LGN 8 6ot ransacti on

50 and t he new synchroni ze ansaction are witten as data set 121,

f ol | owed B)‘?l'DSS""TSaf datfrest 380 278rer K 38t W A S M G 7 and
transact i omexdytitten ackismudnasteed 194, tthe Wyitfef p¥ss dEcatorgsoxliageags swdntgbove. The
rewittenaaadpaqeended witten synchroni zed data set is identified as the
nost current copy thereof in step 280 by neans O an increnented wite

S st o5 AP SHRBERARYE nSeseﬁnzss o£FRed) 1R SoRkoBIED 233 of FIG 7

arelllustrate 291 is simlar to
step 245 GfdiEfeRally idgnyifige he rFFﬁ‘E?‘Wﬁet“ﬁe”rtei‘ ﬁéa‘%ﬁ/&?%%%ﬁf d2ef%%% been

written toumtent sget teareciof employipg rial theysepfrafielyperit Fent efoeddeparate from any
wrap of tlrecr ecunsiavessardointngls kfipenodding hige paacesisd pepoeedy vwtsnep 293, | f
step 291 d%éﬁ&ml%‘eﬁ dmaiecaﬁ&uswltﬁé g bagkdithiLese we@pste1. 9., W aps 180

and 181 of, £lG, cpuodave Boen U Lhd 280y, 108! 2R 49 megfnﬁdkecussed above,
em

the controft%sr operates the wap control S 1to access t he

t ape head 9%tipie kFé’p’é’iaéf'HaY’t)‘tEﬁ“aﬁ“déﬁ"f‘h’@F %‘393‘ SPEFET Shi ‘e t%¢h? ng

seek as aBdvd23anpef ihdhprovidsingctpedinges catFIgt dp t293“°’{eﬁe“%f‘%|5h‘293 t he
Wrap cont welteSygbemopediateslttdnpasi tel. on thewnlaper hizad sat 146hetend of the
previ ous datdsédind RBe SPERU: 1@ UébL R fyOwME tdrEsyndR@nifta crpfiQa@esmsr et urns in

step 299 tQ steR.233.PhaFhss. 7 to recursively wite the accumilated
synchr oni zecf%trartlsac%lgonls fromthe buffer to the standard wap 2 4 JUL 2006

WO 03/ 065374 PCT/ GB03/00178 19 160 imrediately after the precedi ng data
151 in the di rd@iroas &he dpFBW Sietd ROKERAR® d §3rdéff£r%éf‘§ “2¥5 “°Hiff& wor k copi es
170- 171 maye theryridenopamipdtiorent tht $ocdsh reieys fG4or phehquvirte pafss

i ndi cat or SndicaG€ 0831 POiawt & correct recovery to be made.

Thoge of skill in the art understand that changes may be made in
accordance with specific formats in which the invention may be
implemented, and in accordance with alternative locations of the work
copies of synchronized data records. Further, those of skill in the art
understand that various tape drives, and tape cartridges may be employed,
having differing specific component afrangements than that illustrated

herein.

While the preferred embodiments of the present invention have been
illustrated in detail, it should be apparent that modifications and
adaptations to those embodiments may occur to one skilled in the art
without departing from the scope of the present invention as set forth in

the following claims.



are updated. As discussed above, in step 233 of FIG 7, the cont r &4 AL 2008
additionally identifies the recursively witten transactions as the nost
current copy thereof, enploying in the seffarately witten enbodi ment of
FIG 3, the access point 115 superseding the identified separately witten
synchroni zeg¢daissr ecords of the data sets 80-837 in the separately
written enbodi nent of FIG 4 the access point 148 superseding the
identified separately witten synchroni zed data records of the data sets
121-123; and in the.r j i jent of FIG 4, the incrementing the
wite passeg'an a dﬂa?%\%fglth it tog{n .g., to 11WP311 for data set 145,
etc., superseding the identified separately witten synchronized
transactions of th? datta betts f21-123. Agal as L he res |t, should power
be lost before th& fBHHORESIRIYSTOr MoX MG AIPEFICHE &pe 1 ngiivdidfhon of the access
points and/or of the wite pass indicators will allow a correct recovery
to be made. Those of skill in the art understand that changes nay be made
in accordance wi thlegleens radpoiadead {9 mpTies TR and femvgage fapaldemagnetic

i mpl ement ed 1ter11;%ﬂﬂhiile_“sa?c?&9§ﬁ’é‘i@%‘pe% vl E&{gﬂé‘&ihéﬂﬁf bPEAY hORSst 8he hitfornor K

copi es of syrichroni zed data records. Further, those of skill in the art
understand that various tape drives, and tape cartridges nmay be enpl oyed,

havi ng differing ifd ¢ nent ement - i L] ustrated
herein. Wile thesdgr%gtlglrefécreefgpggang@g}%%ﬁtrgat%%t Je?ltgrséllsagﬁ%éqgﬁ%/tedﬁtei %f? have been
illustrated in detail, it should be apparent that nodifications and
adaptations to those enbodi nents may. occur to one skilled in the art

wi t hout departi ng?fF ‘Pﬁéygeﬁ%&mé?f‘ e present invention as set forth in
the following clains. 2 4 JUL 2006 20 CLAIMS 1. A nagnetic tape drive
havi ng: at | east one notor for noving a nagnetic tape longitudinally; at

| east one read/ w it kapieng ubler cupdedhty erbimeatnge frstoung 141y tq Be 4itgntagHet i c
tape while %ﬁdg‘ﬁ H@&Bgﬂ c tape is noved longitudinally by said at |east one
notor; an inter?ace for receiving data to be witten to said nagnetic tape;
and

at least one recording channel coupled to said at least one buffer and coupled to
said at least one read/write head for operating said at least one read/write head for writing

data from said at least one buffer to said magnetic tape; and

a controller coupled to and operating said at least one buffer, said at least one

motor, and said at least one recording channel, said controller including means adapted to:

detect a sequence of synchronizing events, a synchronizing event being
a command that indicates that data to which the synchronizing event applies
(“synchronized transaction™) is to be written to tape before an indication is

provided by the tape drive that writing is complete;

write each said detected synchronized transaction of said detected

pattern from said at least one buffer to said magnetic tape;

[R:ALIBK]6817218G.doc



a recording systemconprising: at |east one buffer coupled to sai d2[4 05
interface for storing data to be witten to said magnetic tape; I”él’dgq
one recording channel coupled to said at #?east one buffer and coupled to
said at |east one read/wite head for operating said at |east one
read/wite head for wri tu{pb‘ﬂ wrfligleath QAN ?h&r@ﬁxzécﬁﬁﬁﬁsa@tﬁkﬁ] Reff &hd E@leﬁﬁ'cﬁhe
magnetic tape; and a controller coupled fo and operating said at |east one
buffer, said at | dasker inwid megestic tam agimplate saléesynclm@zwb@msactr@ iatsaidnal |
sai d control | er q%p g ARaNS adapted to: detect a sequence of
synchroni zi ng even a synchroni zing event being a command that indicates
that data to which the synchronizing event applies ("synchronized

transaction") is to be witten to tape before an indicati VI ded by
the tape arive that wi SrirsorehSiE R RamniS poaiRs Homiiahl s

synchroni zed transagfet @akf magictic dgleefh@bqueRad.t ern fromsaid at |east one
buffer to said magnetic tape; [Ri ~ LIBK]69 1"721 SGACC 2 4 JUL 2006 21
upon writing each said synchroni zed transaction fromsaid at |east one

buffer to sa d mgiet g HARSor BEANTH! iGeindhfl OHIGNECTHh 26stide ARAAGH QBreldn
said at | east ongﬂ‘b ?I?e ao ig‘sequen‘tnﬁyawr?(%ﬁe sallg acchr%:l?% ﬁ ed
transacti on§yﬁ¢lmm15@d dramactlelasto &ania malguéticertapteo additidnathy matte scmapa;or sigaals

sequence. 2. hve of i d controller whiting
betwe n saPae romze ransacrnon wrl o sau%‘ et1 tape h’lle [¢)
each said store ronl zecﬁl ttransac i"On 1 o sal o i %t peratmg

addi tional | )Sai\&fattle&;t S)ﬂ@&’[oa(brotro ®nghad ® mbe¢ m&l’lap&allodgm}d”iﬁd‘lryocﬂurir%dsald writing
transactions witten to said magnetic tape, while operating said at |east
one notor t &N RA0RIE nove sai d tape longitudinally during said witing
wi t hout stopping. 3. The tape drive of Gaim1l, wherein said nmagnetic tape
conprises a plurality of tp and wherein said controller, in witing
each said stdred éfmdhm%ﬁﬁl\zee@ Claimslacthessin sy @&n@tlﬁé&p@aomrﬁaﬁt & @hyiality om

said at |east,, g@gmg%}{e%m s91c15@dn€‘roﬁ89ﬂfwrﬁng%9&1 s s{o(? ?)?nchﬁﬁ?ztedt T%tith

sai d synchrom éd transactions on at [east one o sal ral |ty Wr aps
that is sepzérsandedetacmdlmttﬁma@omfsa@aatdeasta@wrmffpettwsalctl m@nemc taimemtlt@pet kastve

f d d )
sai 4 acoumiREEd P oaEbrnied R FPETAT R IRl aneh B BN oY el b
transact i onsepaatetfivgn BO8Hp 6ldaiErtucRYWrithel eof

4. The tape drive of Claim 1 or Claim 2, wherein said controller, in subsequently
writing said accumulated transactions, additionally identifies said written transactions as

the most current copy thereof.

S. The tape drive of Claim 4, wherein said controller, in subsequently writing said
accumulated transactions to said magnetic tape, additionally, upon said accumulated
transactions reaching a predetermined threshold, finalizes a sequence of said accumulated
transactions and writes said finalized sequence of accumulated transactions, and

subsequently releases said at least one buffer of said accumulated transactions.
6. The tape drive of Claim 1, wherein said controller, in writing said stored
synchronized transactions to said magnetic tape, writes each said stored synchronized

transaction to said magnetic tape as a separate transaction.

7. The tape drive of Claim 1, wherein said controller, in writing said stored

synchronized transactions to said magnetic tape, writes said synchronized transactions in

[R::LIBK]G681721SG.doc




5. The tape drive of Caim4, wherein said controller, in subsequently
witing said accunulated transactions to said magnetic tape, additi @dalily2006
upon sai d accunul ated transactions reachhg a predetennined threshold,
finalizes a sequence of said accunulated transactions and wites said
finalized sqguanfe af g SUIUbAL ¢t bt RASAGH BNSaid AHchSHBSR RN Yn{ 8F SaRES
said at | east one buffer of said accunmul ated transactions. 6. t ape
drive of O aletacted phderai parsallyl fdbing reoldaar seti ndditionalhy rswrlttmmd e@cumulated
synchr oni Zegraﬁaf&'&%ﬂ% AR a5 Al 11{'%8&%} Caal#RE, Wd tgé F cé’ed?& Or ek
synchroni ze ransac ion to said magné ape ’as a Jarat e®transactron.
7. The tape synchweniatd Chiasaonidn towaelrrewntt&aaaiummécbﬂrdrsactldnn witing said
stored synchronized transactions to said nmagnetic tape, wites said
synchroni zed transactions in [R"LIBK]681 211 SCY.doc 2 4 JUL 2006 22 the
formof data sets, and for at |east one of said synchronized transactions
of said detected pattern partially filling a data set, additionally
rewites said accunul ated transaction of said data set in another data
set, and appends a succeeding said synchronized transaction to said
rewitten accunul ated transaction. R ~ LIBK]681-1,21 SG doc
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