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drive to not return " nplete” to a wite type of command, or an
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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.

“gynchronized data” is defined as data or other information which is
subject to a “synchronizing event” or similar command requiring the tape
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 committed 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 Immediate bit set to “0”. This means that the drive is 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

command must be written to tape before a command complete is sent. Hence,



2 this command is often referred to as a "Synchroni ze" command, as is known
to those of skill in the art. Another exanple of a synchronizing event is a
host sel ewDablessmite node known to those of skill in thecardBoasol7s
"non-buffered wites”, where an inplicit synchronize nust be perforned
after each record is witten from the host. "Conmand Conpl ete" is not
returned for any wite command until the data is successfully witten on
media. Herein, witing any data record, group of records, or other mark, is
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closely following the preceding transaction. Tape is written or read
while it is moved longitudinally at a constant speed. Hence, a backhitch
requires that the tape be stopped, reversed to beyond the end of the
previous transaction, stopped 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 gkill 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, a recording system for a
magnetic tape drive comprises at least one buffer for storing data in the
form of transactions to be written to magnetic tape, at least one

recording channel coupled to the buffer for operating at least one



read/ wite head for witing transactions fromthe buffer to the magnetic
tape, and a controller. The controller detects a synchronizing event for a
recei ved woroanse®cii on stored in the buffer; wites the detextGrd3/00178
synchroni zed transaction fromthe buffer to the nmagnetic tape; continues
to nove the tape longitudinally, leaving | arge gaps or witing separator
signals to the magnetic tape following the witten synchroni zed
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writes the accumulated transactions from the buffer to the magnetic tape

in a sequence. The recursive writing may require a backhitch to place the

recursively written accumulated transactions following the preceding data,

but the prior art may have required significantly more backhitches to

write the same data.

In still another embodiment, where the magnetic tape comprises a
plurality of wraps, such as in an LTO system, as is known to those of
skill in the art, the controller, writes at least some of the synchronized
transactions of the detected pattern on at least one 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



synchroni zed transaction fromthe buffer to the nmagnetic tape, and WO
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separate accunul ati ng backhitchless waps for storing a work copy in
accordance w th an enbodi ment of the present invention; WO 03/065374
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BRIEF DESCRIPTION OF THE DRAWINGS

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

tape cartridge which tape drive may implement the present invention;

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;



present invention for backhitchless witing of synchronized data, FIG 7 is
a flow chart depicting an enbodi nent of the nethod of the present

i nvent i orwbhas/oesscunul ati ng synchroni zed data for recursi velCy/GBmiodi7Tag t he
data; FIG 8 is a flow chart depicting an enbodi nrent of the nmethod of the
present invention for witing the accunil ated synchroni zed data of FIG 7;
FIG 9 is a flow chart depicting an enbodi nent of the nethod of the

present invention for witing the accunul ated synchroni zed data of FIG 8;
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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.

As is understood by those of skill in the art, a magnetic tape
cartridge 11 comprises a length of magnetic tape 14 wound on one or two
reels 15, 16. Also as is understood by those of skill in the art, a tape
drive 10 comprises one or more controllers 18 of a recording system for
operating the tape drive in accordance with commands received from a host

system 20 received at an interface 21. The tape drive may comprise a



Interface (SCSI), Fibre Channel Interface, etc. The magnetic tape cartridge
11 may be inserted in the tape drive 10, and |oaded by the tape drive so

t hat one woD oaw6sB74 ead and/ or wite heads 23 of the recor @cmgGEBOOIEN r eads
and/or wites information with respect to the nagnetic tape 14 as the tape
is noved longitudinally by one or nore "notors 25. The magnetic tape
conprises a plurality of parallel tracks, or groups of tracks. In sone
formats, such as the LTO format, above, the tracks are arranged in a
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PCT/ GB03/ 00178 7 In order to release the staging buffer, it is necessary

to have an assurance that the data has actually been recorded on the
wagnet|(: t ape 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 disk, 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.
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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 sets 31 and 32, 32 and 33, etc. These gaps may be written with an
Interblock Gap (IBG) pattern, or may comprise a Data Set 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.



8 Hence, synchronized transactions instead nust be witten imediately in
separate bursts for each synchronization event. As the result, after one
data set we 0awéisten for a synchroni zed transaction, in thecprdBss/ioers of
FIG 2, to insure that the data sets are closely spaced, the controller 18
of FIG 1 typically operates the servo systemand notor drivers to stop
the tape after the data set. Sone finite distance and finite tine is
required to stop the tape, and the tape is then "backhitched", reversed to
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witten. FIGS. 1 and 3 illustrate enbodi nents of the present i nvention for
reduci ng the nunber of backhitches for the s;ggchronl 231 dazt I n one
enbodi ment, tHE FRESFATHG 8y Jt€m or S WEghEr 2t e arive *® e. g., magnetic
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| east one Tead/ wiite or vvrltln%transactlop
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 50-53 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.



fromthe buffer to the nmagnetic tape, and at | east one controller 18. WO
03/ 065374 PCT/ GB03/00178 9 In one enbodi nent, the controller 18 detects a
synchr oniwedsnessed ved transaction, e.g., transaction rececd/@d3od17Bl G 3,
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event thdF2pIRELorS ‘”I16 ut pHEPP§ATa sets 80-83 are considered as work
copies of the transacti ons. Once the transactions have been recursively
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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 completing 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 1l4. A pattern may
comprise 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



consecuti ve synchroni zed transactions, each having a length | ess than that
of a data set. As discussed above, the typical synchronized transaction WO
03/ 065374wB@3/06B308/ 00178 10 is witten to tape, and thenPCT&GRIBANTACE | ON
is erased fromthe host systemw th the assurance that the transaction has
been witten and will not be lost as the result of a power | oss. The
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space. Once transactions have been recursi velly written, the work
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space for?% hanrdwikh ¢opi BEiBBL §8P- and their separation signals 90-92. In the
enbodi ment of FIG 3, the controller separately wites each synchronized

transaction 50n53, fH@MdRe,oulbert s h8 HBBRCES Gal@Nfen! Mmelil@ayanpl e as
data sets 80-83, and identifies each separat elgé witten synchroni getqle
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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
synchronized 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



110-113. Access points are a neans under the LTO format for designating

the beginning of a current data record or records. The controller

addi ti onawloysioassmt i fi es the recursively witten transacti ®m3/@3hegsnost WO
03/ 065374 PCT/ GB03/00178 11 current copy t hereof , enpl oying a new access
poi nt 115, superseding the identified Separately witten synchronized
transactions of the data sets 80-83. Alternatively or additionally, the
wite pass indication "WP'" for each data set nay be increnented to
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set is ob@dfned fromthe data accunulated in the buffer 30 of FIG 1.

Thus, a transaction of one or nore records, shown as record 50, is witten
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to tape, so t there ncen n of .the t data set

ratr i.on
121 is al®§ tla"’l par aaélt% aPRSS ngn[cLi er ngbliomzeéat Ct(i) éc;héﬁ dat a
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and
52 are ViPFtTEHeEs arsh CBPESI9% HRAT 193, TEc S ncEPF dhib% P8t Hat® been
fill ed, 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 30l is written, and the data set 121 is followed by DSS
131, and transaction 51 is accumulated in the buffer. The process
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 “WP” for the data set, as discussed above.



it is again rewitten, such as data set 122, and, after that filled data
set is witten, it is no longer rewirrten as a work copy. The rewitten and
appended woiostess7synchroni zed transaction is identified 2€TICE300ES
current copy thereof, for exanple by neans of an increnmented wite pass
"We" for the data set, as discussed abo%e. WD 03/ 065374 PCT/ GB03/ 00178 12
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identifies th&FePHELGelPeWEiEte 7ot YI§aQE 8heahe $9elhbP current copy
t her eof , trassaeneod iS50y tvhm wevdtietgaser ther fidse titea Setintv&nepbed dioni ng

transacti 8120 88 afditiQnphsd i ABi dalor f\%’3dataa9@t 1BEBIMeREdiNgrddd@cWdrt e
pass for the data, set 146 conptai ni ng r‘part the F'S:WI tren, trangectl on 52
otl wor k

to "Wl "9 AYSAFIHS ASFRRYI™e ¢ hEWer B Tost betore the

OWe
copi es 120e 23 car el LB ES cibe t@%amm&tlﬁcﬁt’ 83 ashdavir iseks g48s2idhdtat ors
will all oWeac&RbECSr LEGIAVBHR 1L0iddnei frdechAlrbeimatemelyittehG 4 represents

a further allenngll v abadliRit ol cSEPRalely . tttéml&@%tleqtrﬂtbepass

synchr oni S ea T ansacti ons di scussed a he writ gass
i ndi cat orforelte Adt2 156t U Farerf2 it éé%flsafh’é’“aé?l%ad%’tﬁﬁn?)’f tthe fr ansact i on
i S I ndi cawed” bynaniratceessipgitte dilelghzs Tdwushe datansacit®robBrindng ndi cat ed

by accesspa[ggl&t 18 Qewt [ ANSALLIQRALn] 2 cbNdipdat edghyn 26cess paldik, 141, etc.
The controller recursively wites the transa %lol\r%g 50-53 as data sets 145
I

and 146, SXABIAEArEH 6’ﬁa]rcl’iF PHETE Fi%e¥ork FRPI%SC WY B8Rt Fansact i ons
as the noseamnatiemtofcoly wrhes @efs indhgAtoyd g lanaldorwes SOpuRatt ryery to
super sedigagmidte identified separately witten synchronized transactions of
the data sets 120-123. Referring to FIG 5, in still another enbodinent,
where the magnetic tape conprises a%lrurallt of wra such af in an LTO

system as di SCHSSERPFE14BbVe Thd EBHEPDIHe? TE-BT" I‘;‘P‘E;‘?IpnftW‘? ERROPHE WSk

Can es Ofsephrdtedgtwisidmpg 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 separately

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
before 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



of the synchroni zed transactions of the detected pattern on at |east one

of the plurality of waps that is separate fromthe wap to which it wll
be recur swoaByeisri tten. Thus, a good working copy is fixeaCarcRob@ot7ape
before the final set of transactions in the exanple, are recursively
witten. Specifically, in the exanple, the pattern of synchronously witten
transactions is detected after data sets 150 and 151 have been witten on
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directi on, f Eor’@htehgosgg\:esagﬁglabllgr%'rtkugéﬂ&akr osition. The controller then
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oper at es thé” notors e wap cont 7 and the read/wite head to
begin wite the synchronized transactions in the |ongitudinal direction of
t he sel ect ed vior knatbpy embagimenayiangethevogk exppestrapr hasabpen sgdeeted} nthehe
exanpl e, dohermaek ®OoRL@smidéy Lhd gﬁdé@eﬁth&ﬂngﬂrthaiﬁl posilthen oCEhENHead i Ng

Packnl t chy 688 MLARS A8%,ANEackdland Ikl fed Qﬁe%ﬁa@gﬁ 0lo0le ofTEW 185, and

then in thé @iTection o e exa et wo copi es are
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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 arrow 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



of witing the work copies fromthe direction of arrow 185 to that of

arrow 186 nay conprise the point at which the buffer 30 of FIG 1 is about
hal f ful |wofo3messasrul at ed synchroni zed transactions. Vari ow€TadRGOIt7ANE NAY
be enpl oyed to determ ne the reversal pqui nt for swtching the direction of
witing the work copies. The goal of any such algorithmis to reach the
original append point (to recursively wite the transactions) when the
buffer is full of accunul ated synchroni zed transactions. The controller
oper at es tirhfsamdtapn ané rtlenSysiesvely ofiriEt&n floh cheaoifes tcheh¢ apendreaid 23

to the standared WiaR:and t he SYRRhLoNiaeHy W03 0653 714, PETCBA3{ 89178 14
transactions are then recursively witten fromthe buff to the standard
b afhui 176 R
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wrap 160 FRreditat Y arttef2thes s PPt %he’ UimPECIe 8P of
arrow l6byveshowherms data sets 190. The work copies 170-171 nmay then be
overwitten. Enbodi nents of the nethod of the present invention are

i llustrated iEqﬁ(EAiﬁ%m@-oﬂflgﬁ?nL@ﬁJdi 08 @ FeFont Linvene idnad 6114dt-st&P 200,
ved at f

data i s recei Interface 21 and, in step 201, is stored in buffer 30.
Step 203 ‘Bef¥ets® Mhether the data is acconpanied by or followed by a
synchroni zing event, such that the transaction is to be synchronized. If

not, the data ﬂe@erﬂ%bt tERIESD. tlh%,nagﬂﬁ 6C irﬁB@eﬂ-‘hOGﬁﬂia@}ii ) récdieaBdt

algorithmin step 205, .for_ex le, witin he d a i ected by
the tape “dFF5/Ec 3y 5PRairy "t ?fg_gi AT 75057 elglmglﬁ&,er\?\%(?'chgﬁ%yggﬁdaei Tgétdgel ayi ng
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previ ous siah anzet thebyranB86ionlUpornodes eghtirondted sSyhcltonitzl dgraevent at

step 203, 5t&R 204Hd Gksher Of ft_a?|e Clggg.léﬁl%&i@@nﬁsﬁn%ﬁ 206t onnflet eflepaz@at tern

of synchrfonl Zl ng_ event s, as,_\ scus%ﬁcej, a(ﬂg pr %ceaedesdgt sStep 207. In
step 207,5°F HEEPheh PO 8d RT SAKREEI DS T T Eh ™Y o ap®” &ftfier as part
of the patperallyat whkinie slirsemingedvhish mry gnsiidgfelavians@et st Step 208
det er m negitwhet hersetienendeh dalaaséiosepinmtiet afroacticopréasubekinar sached
and, if %?/ta &ycles back to step 207 to continue witing the data. Once
the end o oPata for the transaction is sensed and the data has been
witten to tape in steps 207 and 208, in step 210, the controller 18
si gnal s conmanion ciarpFetan, offeusynahienirdss st eh Bemy3r (1teRRP 4t heck$t agi ng
buf fer oflors0f R@Ecs QU 66nmbréhe@odaloadetran paxaspl e dymchtdaizing tehendet ect ed
synchr Oma%evgilq.agg‘ Jiesgggsdedqrar{degggc%%déodt méph 2@4 ng ét%p\’\ﬁ(ht,t gﬂla fromthe

synchronized transaction is 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 208, 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. 3, 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., DSS) 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



buffer to the magnetic tape as data set 80, and in FIG 4 as data set 120.
In step 211, the controller 18 | eaves a gap and/or wites separator

signal s (WO®3/06BBS) to the nagnetic tape foll owi ng the w PCT&B03/00178
synchroni zed data record 50 (in FIG 3 1Sfparat or signals 90 follow ng data
set 80, in FIG 4 separator signals 130 Tollow ng data set 120),
continuing the gap and/or separator signals 90, 130 until, as determ ned
by step 212 and steps 203 and 205 or 207 cause a subsequently received
transacti@gbl ifhadtaaset a8lrdddrf|s3) , yridaha tsetdek2ited sfhéhrod)zddo be

written o hig TRANGLL o aPEd 9| A%IN0 LBESERAL AhATose0BA R dhRrREOCESS

of FIG 6 thus repeats t etection of ﬁnc roni zed recei ved transactions
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thetapels nove ohgl |nalay arirn e repeated witing wthou
st oppi ng. witRet SEPRRBI- s no backhitch, and the tape drive continues to
wite the transactions w thout stopping. Connector 206 leads to FIG 7.
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recursive writ syncnroni ze at a To reserN transactlons
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220, the captroller 18,detfCtSafAsRRLLA! Raok begwéranpgmwgﬂmemstﬁ@r
transacti ons to be witten to . the nmagnetic tape . As di scussed above, a

pattern iy c‘iﬁﬂi??é‘?yabep%ﬁ’é"fréfﬁ?%ed number of consecutl ve synchroni zi ng
events for transactions of less than a certain |length. The pattern may not
appear as a sm&eﬂcanoite@)ymdlr @hé ZBnEITRAGS deteceXpd ipaktemr bEe node, but

may appeasra/tntcglpgnllgl %vgﬁzsaf ﬁqug%%tggnseggtﬂeegrltmégfg tﬁé{%tgﬁetllcf tglk@re is

no such p e contro In step 221,  returns Q
comand. WporPHEiERSeRY 2ROpat Pe??ltt&Fns’Wcﬁ?Wﬁi‘? r"f‘gpé‘?ﬂeet‘iﬁminﬁ s‘f eﬁz‘bf, t he
cont r ol | efonk&8sutiine styaph223zige pacetscfyr amdnootpdret of ylessi then eagsrtdet ect ed
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buffer 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
synchronized 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 is 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
buffer 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 discussed 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



gaps and/or separator signals follow ng the data sets. As di scussed above,
the early synchroni zed transactions of the detected pattern may be

excl uded, wbasiossg7al ready been witten in the manner di scurssaGmbovesbef ore
the pattern is detected. Thus, in FIG 3, and in FIG 4, the early
synchroni zed transacti ons nmay conprise ltshe previ ous data 99. In step 225,
upon witing each synchroni zed transaction fromthe buffer to the nmagnetic
tape, the controller accumul ates the synchronized transaction in the
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If the threshold has not been reached, step 231 determ nes whether the
pattern of synchroni zi ngtthevents has ended. If the pattern is continuing,
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required, and the copies in the buffer are no |onger required. Hence, in

step 235, the accunul ated transactions are released to allow this section
of the buffer Siachehevdatar Pie fen FECHRsIRAYTEBFent ROSE@PB %) YITK ACPRYSE art .
In step 2%6,nd hengontrealilred, raatiuthes comiest hrerche pruces sAregnoe dusderas st ep 200

of FIG G, Qi' f'l-f:enggbqql jat 1o $39f 8L eangx%ﬁaned F{:Irg’nsa?ctaE)@s |a'rle@l@@§&ﬁ in
FIGS. 8-1 begi nni n st ep 2%0 Referrin Fl GS. |n step

at
245, t he H?Oﬂ{%qglFQﬁs ag?Qﬁpﬁ]?ﬁaghe uffer to be o erwrltten, as 1s gn wn t

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.,
wraps 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. 1If, 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



whet her the magnetic tape conprises a plurality of waps, such as in an
LTO system as di scussed above, and whether the work copies are to be
witten twoasnbBast one of the plurality of waps that ispsemgBoanel78rom a
wrap of the recursive witing. If not, the process proceeds to step 247. I|f
step 245 determines that accumul ati ng backhitchl ess waps, e.g., waps 180
and 181 of FIG 5, are to be utilized for work copies, in step 250, as

di scussed above, the controller operates the wap contr ol system 27 of
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FI G teg 247 %Fetermtqles ) ec%kter (Qe wor k copies are to be witten
separ ateI‘V PSSEEpetaed ¢ FE tenftopiés. If the work copies are to be
witten separately, connector 260 leads to FIG 9, and to step 261. In
step 261, the swepkaqzopytarhieachhetipRCtiiconbzedobtansaettioobe wrigten of

transactiQug Y af i eqRat LELM ch 8 itien separately fromthe buffer
to the mag efa?% ?ape I)I()a%ther as |Itl uréteré%ted in FIG 3, as data sets 80-83,
or as illustrated in FIG 4 as

If the work copies are to be written separately, connector 260 leads
to FIG. 9, and to step 261. 1In step 261, the work copy of each
synchronized transaction, e.g., of transactions 50-53, of 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 separately 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. In step 265, the process returns to step 225 of FIG. 7.

If 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.



data sets 120-123, each as discussed above. In step 262, each separately
witten transaction is identified with an access point. For exanple, in
FIG 3, ewohsmepasately witten synchronized transaction POTE3BBS0178
identified by neans of an access point 110-113, and, in FIG 4 each
separately witten synchronized transaction 50-53 is identified by neans
of an access point 140-142, and the rewites of the accunul ated data
records are ignored and the write pass indicator is not updated, as

di scussed abowtepl|avat eadbrmifids anédnée tReerik ias éidkond adcbiynlatediccess

POI Nt 140; 43R ont Db L 8RR 4 o 18 AACESE @L%"yﬂémtomhgpe%ﬁ Pledelz enbe ! T

step 247 et erm nes e work ¢coples are written as

appended 3§ &N Pal”’ttéﬁlh‘/cc,fdh{ﬁdalae%até’yﬁ%%rom 288" ttrhﬁngléec,stef“bntéfansacc(fﬁﬂléctor 270
| eads to sEh@s BOnewaddtd est emd2¥d wriNI @34 06B3FP42BCT/ X3B68/ OG1P8e, tBeStep 271

det er m nes wheiches abpeéles hs AtoXictt F&dras 0emih 310€ia1S ¥RENRBI ZRdot
transacti ol s f tﬁ gtbecggéi §¥n on| ZI n e\éggt dtoag(; ern t;:,zgtan* LPLJ'I]J
partial |y Fi 1 1ebod YsE &~ PP note ESERt transaction star new
data set toaﬁtien 32%vdft FER 7n Ereep WBtr%aQWO@xaﬁrﬁlcéum‘ilﬁéed ttPaFEeaét‘fW
appears asdr eeObdod@ssl €0mase150cydl epabdckato daktp vat ol Zicof10 Flh tée

fol | owed 7§,§ A0 240 ¢ REOLRTS, T ACARAI [ ReBL ol 906l LRI LAS O Step

225 of FlI transaction s accunu e huffer, and the
process LﬁefIP?Fﬁ:tléPyY cYe e aupy RPPY s £ 2 791 B LIRSS 1D C\Xn ¥ sifRer RESET-
synchroni zed transacti on. Although steps 223 and 225 are shown

sequential ly, d@@f)l’bﬁusﬁerha&p&rﬂun@é tth@ﬂf 5kl ilaneous | &xiQk ind pettiaer dadader .

Step 271 then. determines that ther 'S ngwnal@e%rsagw&lg@r lna' lqag@ep set
with at Ieas‘f’ one” accumul at ed sy nc zedo transacti on, c? step 278,

rewites 3’Be ZRVELFRA 5’&‘%@%%&&‘? |tﬁﬁ](‘%“)°tb?n hectdts e, s?%ci‘%‘?@ﬁ?’i"ﬁg“-’ t he
Wite passel wdiceapars 10dichher dat ateedatansst ép 28 28nd aap pepdndiggt tree

present %@Qgﬁtogw&‘lo&{?éas%sg&l& theneenti bt &n QE&&WL@&Q&{S@B@@%I ons
in step 283. Thus, in FIG {L{ﬁ ug@ent transact.i.on IS Rpen ed to

the accunil St%28+-andaeti of %Ié’ ahd® SRS e 2RERTHIF A eds %plpan‘gadgtl on
50 and t h® hesvasywoiipoed tedntacahsnéli o dhe rarFitten augatatedset 121,

foll oned Qy¥nlRPidsko and tﬁg &R w2 dyndhebhiz88 mnsamoa&eotvrﬁt@l & datyl

transacti on ccu t buff se ove. The
rewitterf® ﬁngzjlapgo 8e8 %fsgr}ggyr?él ronFz asﬁa%léms?e |s 932,”? gd as the
most cur raadt tl@@pyctt#@eriebfwl?F%lﬂ‘ebatESOlIb)}ih?réalr%e’bf ehf- / |aﬁc‘|héﬁé?ﬁel§’da]%f‘16t e
pass "WP", as discussed above. Specific enbodinents of step 233 of FIG 7
are ill USt"atE¥%eleJ§Eg%en and appended written synchronized data set is

identified 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 290. 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 accumulating backhitchless wraps, e.g.,
wraps 180 and 181 of FIG. 5, have been utilized, in step 295, as discussed
above, the controller operates the wrap control system 27 of FIG. 1 to
access 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



11, beginning at step 290. Step 291 is simlar to step 245 of FIG 8, and
det erm nes whet her the work copi es have been witten to at | east one of a
pl uralitywofo3mszps that is separate fromany wap of the PETGRIBYETS
witing. If not, the process proceeds tq step 293. If step 291 determ nes
t hat accunul ati ng backhi tchl ess w aps, e g., waps 180 and 181 of FIG 5,
have been utilized, in step 295, as discussed above, the controller
operates the wap contr ol system 27 of FIG 1 to access the tape head 23
to the stisndain@awsitady £itehethebpreleathd @akte 153wid ehe nijrect wnsetlaraswabove,
and the RrOCESS O LIULS AL 13bEP q%g%orkcncopategpl%%u t;nag WeaPpeont rol

system operates to position the tape head at the end t he %)rew ous dat a
at the spEE"FE4ER 1BtV ler?tteB z%i’ndtlf?lé’rlb‘? HRBR S IPLTAPRE T 3ETES B9 Po

step 233 agk ddd@ted. to recursively wite the accunul ated synchroni zed
transactions fromthe buffer to the standard wap WO 03/ 065374

PCT/ GB03/ 00178 1 160|{n£d|ately af t reced 1in the
di rection of a%rsr%/vcuf%ﬁ shown ™ a tﬁgt%r:*sé?en‘fg QQOQ% c%% es 170-171

may then agéditippatiif iifersifiog §6e|rr?c§lf%‘ﬁ’9293”r1ttﬁ%“ WEPRRRCHEY PRICaFSTs or
access paubRtent asmey peedoEd. enpdogingC s 3te adraveteliynwsitepn 23®odimenkKE 7, t he

fﬁn”ol 't%fm @dlt{aé %@Lés}/ﬁb%ﬂ?hils%e;.cre%lﬁ@%tasme%ltyfl\@dl %é&&agéﬁ??ap@ﬂeans as
e nost current cq er eo in arat e itten

enbodi mefYRoTOREFRS dgga FRECHE 8 & hﬁoﬁg%tta g SE er“sé'g % sﬁér dentified
separ at elwriprent emppdiggmc f OF¥icGz et tdl&tfapqeeecm}st o1f48t ﬁ@@&?@l@et@e 80-83; in

t he Separl@EﬁtlMleWsjetpEE&e@QbﬂditB&ﬂtsyﬂc@hrBh&eﬂd&thﬁ ra€&ESSoPhat dakd8sets

super sedigg_{fie ﬂéient %»!I : t %Rﬁ&i/lm‘ém totfepﬁygcmh%nig&qmgx‘%i ﬂrt_ergéords of

t he data sets 3; erewit % i ment. of FIG the

i ncr enentEhke tPH‘ése%/\naPt%ddbéE%‘@é Hiea b e Sn'al ot {fR2"tpr datp set 4 f or
dat a set shfbrsediifg ,theSijpar SEcdkdngerdahet ¢lgentitities dsysepamdted wrwm;atqtems
synchronigzegd apsactions_pfz t he data sets 121-123. Again, as the result,
shoul d power be | ost before the work copies are overwitten, exam nation
of the access points and/or of the wite pass indicators will allow a
correct recoveéwepingapethepgesulthodeudd BOKPT IPe hogtheetare HRI#PEE &78ithat
changes nrmy derwaldgehp exanDoitdameE Whd hcs@ec pbirnrsf audretsof nhatidhe thves

invention By, Res JiR! aeRtedor A LEREEPIAPECEMEL N al ternative |ocations
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
ernﬂ oyed Those of skill in the art understand that changes may be made 1n

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 arrangements 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.



having differing specific conponent arrangenments than that illustrated
herein. While the preferred enbodi nents of the present invention have been
illustratwoommessetail, it should be apparent that nodifi c@CTGBE3ANGS
adaptations to those errbodl ments may occur to one skilled in the art

wi t hout departing fromthe scope of the2°present invention as set forth in
the followi ng clainms. WO 03/ 065374 PCT/ GB03/00178 20 CLAIMS 1. A recording
system for a magnetic tape drive, said magnetic tape drive having at |east
one notor for noving a nagnetic tape bogist udi nally, having at |east one
read/wite head for reading fromand for witing to said magnetic tape
whil e said magnetic tape is noved longitudinally by said at |east one
notor, and hai AGCAILPNEEEUE E°F Gt "PERRSLG] MPedFE iy et FHE "IFrEEe2PS sai d
magnetl C drape, hasandl ak earsdi g sysdefoe erwpirsangigratid ease loneitudiherly,

coupl ed t,$al del MLEFGRe rém/wﬂ@g heSa %&aréaqlp@ £r¥h i dnla€fod Q’r§@1ng pagnetic
tape, said gata in, the fOLnle - éansactl ops; e J£Cof |Qg channel
ne

sai n % agneti oveétld%nlt%elP
coupl ed t681E 89 & one Ba d cOup Iled"to sal

read/ wri tseifedd 1pRit G’D‘EW‘&FPTWg 284 j hpvapg arlea%ﬂteréﬁ%e lf@éo‘]e\%?}‘f’élgh‘é%d‘ Forbe
wWiting twansactbongsdf mpmesai dapé, Iseddtreoosiinpudfseemta@mpridngagneti c t ape;
and a controller coupled to and operati ng said at | east one buffer, said

at |east one m?:t é.stagr(lje a)L_ige pe.l.aegt oogglé eJ.%Qeng ora‘Q{:.I lllh Sc?atg to.
control l er: détec e T a pattern of cHr 6h1 Zi ng eve for Wit sai 3
transact i"6A8t¢o te a?addnwﬁeﬂfc tﬁ%?re Sasd SyRe hitoRPe é‘-er*t‘ r%néa%tseah’émr sai d

synchroni zed transactions stored in said at |east one buffer; wites each

sai d detected asrymsargrtoaﬁezeqc&rdanga&;am& qu§la3|ddto dat &Gledefiat Eﬁ‘é rmf&m sai d
at | east oge buflf r to
d

etic itin
synchr oni* c?urpansaté’t |saoldafar om ! sa Odleafead?eas © oned \l:%)%’f foé)eg?tl%g "’E magnetl c
t ape, acciAfl fresredy riteyrast 6PF 2Bt 1NdahsAEErbIPENT N gt aFe]§§ts e
buf fer; andfethsespignidgnerecuageyelng wites said accunul ated transactions
fromsaid at |east one buffer to said magneti c tape in a sequence. 2. The

recor di ng SySt em Of tgLeax! coC%le\ghgr EI Sp?‘?lrgtlcn%n% ci @rleasg ggel {)uﬂ:%r e&‘iﬁ sai d
st or ed synchronlze ransactli on O Sal ape
at least one motor, and said at least one recordlng channel, said

controller:

detects a pattern of synchronizing events for writing said
transactions to said magnetic tape as synchronized transactions,

said synchronized transactions stored in said at least one buffer;

writes each said detected synchronized transaction of said
detected pattern from said at least one buffer to said magnetic

tape;

upon writing each said synchronized transaction from said at
least one buffer to said magnetic tape, accumulates said

synchronized transaction in said at least one buffer; and

subsequently recursively writes said accumulated transactions

from said at least one buffer to said magnetic tape in a sequence.

2. The recording system of Claim 1, wherein said controller, in writing
each said stored synchronized transaction to said magnetic tape,
additionally writes separator signals between said synchronized
transactions written to said magnetic tape, while operating said at least
one motor to continue to move said tape longitudinally during said writing

without stopping.



additionally wites separator signals between said synchronized
transactions witten to said nagnetic tape, while operating said at | east
one not orwbDa3m6e33t4 nue to nove said tape | ongitudinally dumcmgGmaiodi7?8riting
wi t hout stopping. WO 03/065374 PCT/ GB03/00178 21 3. The recording system
of Caim1l, wherein said nagnetic tape 21corrpri ses a plurality of waps, and
wherein said controller, in witing each said stored synchronized
transaction of said detected pattern from said at |east one buffer to said
nmagnet i ¢ stape,rhdf idRgaaly kpash sORBaDf 1, Saidesy nalia anigaedid eamsact i ons on

at |east gne of sai qupglu&}a}loﬁ]%rggs %P%;he}il%t S ?g Oﬂgrfrlgrurqty\ﬁg’:lp of

sai d recUrstve wi tl e recor % system o Caim 2,
wher ei n $arFQ BdAt TIPS rsynchypnd gedk SRR yot @éu?%dv%ﬁf*cﬁﬁ tﬁaﬁbe’g’alfﬂom
accumnul atsedld tatahsstt poaduffaddp tdaddardapet denbpéi esite dt rieear siopel 9£ witten

transact isgng @%Cﬁ%lﬂ@&ttraﬁwclﬁ%ﬁs et tbgdeohe 3. sdilteprecniey ”F &yHlsem of
Claimi4, \p{herel gesaz%la prg{nrol e ,ofl QaldSEQ&?r%‘ﬂ@QtJrXé{J%QWSi vely writing said
[

accumul ated- ttansactions 1o said nmagnetic tape, tionally, upon said
accunul ated transactions reaching a predetermined threshold, finalizes a
sequence 40f sahd esoudidsatedent slafdant ilops GREM recubsieye| spidr ¢anggobkerd

finali Zeqnsma'&&t(i? ACHUEAY 661 t 1A ARS 88 tdc0Bfu12884 tsuRsaquen | y rel eases
ool SRRl AP L8 0L S8 - REEHTLP ARG LLASARLONSS O o

recordi n§°s ei’n sald contro Inwiting sai
stored sfﬁé?ﬁr&nF?@dtP?%ﬁ?é?actl ons to said magnetic tape wites each said
stored synchroni zed transaction to said nagnetic tape as a separate

transact ison. YmeTf@co&@ﬁ@r gizgt@msafstc@mrph Gidreid , sanb eddi Fosiaird sontrol | er,
inwitin sa| d tored ¥n1c i.zed _trans u&thotnesa 1o %gégm tslag t ape,
Y, nsacltmr;o ipcthe § or

ecur
wites sdi Ehr GRTYEd EPa iSets and for at

| east oné‘agﬁ?t@aF%Pesbe?ﬁa}éd t“lpaﬁs'%fdfil ¥implated; HragaReicioat wachEIh 2
parti al | yprefieddrinigpda thadshosdt fimddees enakdnencevwrfi sesd sardndetedul at ed

transact i.QBnQfct: S gngazte%m?ﬁtvelﬁ vﬁ"i@ég"%ﬁléja.{lﬁaﬁﬁted Qé?ﬂeﬁcﬁkp%lﬂd&c&mﬁl&iéGEdl ng
said synchronized tra ‘?sggt 'cﬁlgmt_lgg[ sy d ase W Gt gn 1%3@%&%‘%@& r@ngagd i on.

8. A recorarin el s e drive, sard nmagnetic tape drive
havi ng ataCF‘é&sltat%érﬁfﬁ%atﬂtl?ftﬁr novi ng a rragnetl c tape longitudinally,
having at | east one read/wite head for reading fromand for witing to

sai d magneti ¢ 4apg Wkle SHULnBIRELLE 1t APR ke n TRYE hdnPAGH 1k di BALL Ve DY
said stored synchronized transactions to said magnetic tape, writes each
said stored synchronized transaction to said magnetic tape as a separate

transaction.

7. The recording system of Claim 1, wherein said controller, in writing
said stored synchronized transactions to said magnetic tape, writes said
synchronized transactions in the form of data sets, and for at least one
of said synchronized transactions of said detected pattern partially
filling a data set, additionally rewrites said accumulated transaction of
said data set in another data set, and appends a succeeding said

synchronized transaction to said rewritten accumulated transaction.

8. A recording system for a magnetic tape drive, said magnetic tape
drive having at least one motor for moving a magnetic tape longitudinally,
having 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, and having an interface for receiving data to be

written to said magnetic tape, said recording system comprising:

at least one buffer coupled to said interface for storing data to be

written to said magnetic tape, said data in the form of transactions;



said at |east one notor, and having an interface for receiving data to be
witten to said magnetic tape, said recording systemconprising: at |east
one buf f ewomsew@dded to said interface for storing data to PeT/GBIBOOIER tO
said nmagnetic tape, said data in the formof transactions; WO 03/065374
PCT/ GB03/ 00178 22 at | east one recor dl%’lg 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 witing transactions fromsaid at

| east one bufdteledsd 6@ deBBGIAY I chahAgE coapliddat€ Gatd At eéeagroupd edifter and

oper at | ngan%a!:alpqu t%a§$1d3Q€ Ipééfsf:eéne §@Acgwrﬁ;e h@ﬁtfog%eggéﬁfga sad a§a| d at
| east one recordi g(%&(} nn g % contr transa o £ %tseg S, a &/n%h{)onl ZI N
event fort®35F &8 P s 3t 6R" w§t153rrfl§d Sal TEast*0le

conpri si rRyféesrrctricniraangtice rtars acon; WI‘I tes sai d det ect ed synchr oni zed
transaction fromsaid at |east one buffer to said nagnetic tape; wites
separator si gr@'c@nttr%l§@f doiRaRetd cénﬁacpg?erggirlgo%ﬂ'g agai&st%ﬂé beffer, said

synchroni zed transact nt i, til a rec i ved
transactla&ng?% P78 °’io s‘agl@)uSd‘lgagngfeasrl ra’ff)eref:oﬂS sé}d s(gpar at or

si gnal s; edreldgeats said detection of a synchroni zed recei ved transacti on,
writing said detected synchroni zed transaction, and witing said separator

signals, for each %&G@&dbngyn%ak&uq%f%fdt SHRCHNQBLZRG tFREREVRE
transacti on, whil eratl n efe%st one nmotor to Orl’(l)%lgleu to nove

said tape | ondi toﬁ%dﬁ‘ i durllr?SStsal repeaté: "PYWTTT ng W T hout - st oppi ng. 9.
The recording @93%%@11 Claim8, wherein said controller, additionally,
for each said detected synchronized transaction, returns a comand

conplete at said I%@Eé@%glé%té@eéé Qﬁ{&%meaya@%mlmdfr&nr afsaeti on upon
conpl etion of sal wrltlfr}g said et ect etd synchroni zed transaction from

said at |east 'SR&" BUFF&IEED Shb lmag et ¢ tape. 10. A recording system for

a magnetic tape drive, said magnetic tape drive having at |east one notor
for moving a magnetwrétésapepdcngrtaidnabd Ity, saiganabneagnetpe fdpewig@npridsi ng a
plurality of wW,3psSen %%ﬁnr@ﬁ%t t?aﬂs@@@:.ondrédfﬁlﬂ@i\ﬂgngnﬁtl Leagke@@tly

readiwrite head Lofed PAMIG. {400 ARG L OF MLl ihanbs S e RIDSHLG LARS
whil e said rragne Ic tape s noved onglri Gdi gb
separator signals; and

repeats said detection of a synchronized received transaction,
writing said detected synchronized transaction, and writing said
separator signals, for each succeeding said detected synchronized
received transaction, while operating said at least one motor to
continue to move said tape longitudinally during said repeated

writing without stopping.

9. The recording system of Claim 8, wherein said controller,
additionally, for each said detected synchronized transaction, returns a
command complete at said interface for said detected synchronized
transaction upon completion of said writing said detected synchronized

transaction from said at least one buffer to said magnetic tape.

10. A recording system for a magnetic tape drive, said magnetic tape
drive having at least one motor for moving a magnetic tape longitudinally,
said magnetic tape comprising a plurality of wraps, said magnetic tape
drive having 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, having a wrap control system for accessing said

wraps of said magnetic tape with said at least one read/write head, and



said at |east one notor, having a wap control systemfor accessing said
wraps of said magnetic tape with said at | east one read/ wite head, and WD
03/ 065374wB@3/0&B08/ 00178 23 having an interface for receipeiTrgpodaderst o be
witten to said magnetic tape, said recording systemconprising: at |east
one buffer coupled to said interface f ot storing data to be witten to
said magnetic tape, said data in the formof transactions; at |east one
recordi ng channel coupled to said at | east one buffer and coupled to said
at | east HaRend e@ad{nerEgcdeasl de0ei pgr @dtango 3@ driaiten|wastidmegneadd/ wite
head for WritingtraNsacll ons hromssaldi,at | east one buffer to said
magnetic tape; and a controller coupled to and operating said at | east one
buffer, said at |east one notor, said wap control system and said at
| east one recdr de3ry eradnéfer saimdedotn Pald émterfacecty atpdPgetdraofo be
synchr onivii Bgere¥endss df megnetid itApe Sakid tdadasacthorterin ofsarghsmmghetsi;c t ape as
synchroni zed transactions, said synchroni zed transactions stored in said
at least one huffer; operates said wap control syst and sai | east
one read/ wit¥ E%aas& ?%gégﬁ%rs‘%n%t‘:hlaéué%]t el ev(\io?% S@é%yaetv\n)rl ap of n%g’.“gger
magnet i ¢ andpecwpdgd tte arid at deht swiedrersY wEt ted hegh ERF aper Eindt F2ifsaEt i on of
sai d det aghet et teaiviieneal doAtwri enst toamsabufdmer frdrossiad dtatedseaste one
wor k copy, e ab of s s gag{;ggp@ttia el apg;, upon witing each said synchronized
transaction fromsaid a | east one buffer to said magnetic tape,
accunul ates said synchronized transaction in said at |east one buffer; and
subsequent | y cpepatred lenicdumredpte Gitr ereraystde Arkthadt skiagtatne Peblar: offed
read/ wri ts2 bead the a0ERSS satd Wweas tcoofitolneysmm, Wwirap saskpar kdagtforem sai d at
| east 0NE.WOEK HGOBYarMEBP s EohOrdiger sively wite said accunul ated
transaction fromsaid at | east one buffer to said at |east one normal wap
of said nmagnetic tape in a sequence. 11. The recording system of C aim 10,
wherei n said contrcleteets adefittpemat| 9@%6’?}12&@?&1@%9@& ¥risard ehdof
synchroni zing events, determnes the witable space of said at | east one
Wor ki Ng COpY W1ap i}anRthodoRgl ddidl Ridnedit QGbE QD bUbAGdiongi Ludinal
position of said at .least_one read/ wl ead, . and_oper.at e i eas
one notor, said a\r/lvi%l:é * '0§7U£§§7%‘rl9&’ﬁe@[38§7ﬁ6f5380ns sCRRLF 2RI Flade

one buffer;

operates said wrap control system and said at least one
read/write head to access at least one work copy wrap of said
magnetic tape and to write each said detected synchronized
transaction of said detected pattern from said at least one buffer

to said at least one work copy wrap of said magnetic tape;

upon writing each said synchronized transaction from said at
least one buffer to said magnetic tape, accumulates said

synchronized transaction in said at least one buffer; and

subsequently operates said wrap control system and said at
least one read/write head to access at least one normal wrap
separate from said at least one work copy wrap, and to recursively
write said accumulated transaction from said at least one buffer to

said at least one normal wrap of said magnetic tape in a sequence.

11. The recording system of Claim 10, wherein said controller
additionally, upon detecting said pattern of synchronizing events,
determines the writable space of said at least one working copy wrap in
each longitudinal direction from the longitudinal position of said at

least one read/write head, and operates said at least one motor, said wrap



24 control and said at |east one read/wite head to begin witing each said
detected synchroni zed transaction in a longitudinal direction of said at

| east oneweaskezsepy wrap having the greatest witabl e spaeer/dEs/oTie
recording systemof Cl aim 10, wherein sal d controller additionally
designates a plurality of said waps of*%sai d magneti c tape as work copy
wraps, and, upon detecting said pattern of synchroni zing events,

determ nes whet her said access to at | east one work copy wap requires a
seek of s@hbrdl ah®astidoneleeadbns idcadhadade @ad, td begin wsetiegt sach wardk copy

wrap havifud.the &m&k&%ﬁzeae%nséémﬁ {mqnﬁsﬂg@t&mgldalr\é@tl&pgprgasar& at
| east one not or noVi ng@a magneti c . J.ongi tugi naII : at | east one

read/ wri t§aﬁ‘éé’&ef‘6ﬁrkr SR KR RTINS (?rrg%vrl ti Wy £8 ¢ SRS magneti c t ape

whil e said magnetic tape is noved longitudinally by sai d at | east one
not or; anazi.nt ankaceok@ing eg@iewi 8f caim 100 Werald tshed doatsaildrnmagneti c tape;

and a re(\a%léig{l%aflyftdggq_&lgtgé %.I B?\grﬁlgtﬁ%\f Qii%cgg;ﬂ%goglsaaiigl magnetic tape as
work copy wraps, and, upon detecting said pattern of synchronizing events,
determines whether said access to at least one work copy wrap requires a
seek of said at least one read/write head, and, if so, selects a work copy

wrap having the quickest seek.
13. A magnetic tape drive, comprising:

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 receiving data to be written to said magnetic tape;

and

a recording system as claimed in any preceding claim.



