18 JUL 2006 -1 DESCRI PTI ON METHOD, SYSTEM AND PROGRAM FOR SYNCJ-lROlII8ZJMIwﬁ
AND RESYNCHRONI ZATI ON OF A DATA STREAM BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present inventii'on relates to a nethod, system
and program for synchronization and resynchroni zation of a data stream 2.
Description of the Related Art |In JdRERCRIFFIOMNNg systens, a data drive
wites positive and negative "flux transitions"” to a storage nmedi um usi ng
encodi ng schenes known in the art, and a decoder is used to read back the
encoded data st yEmiow) SYSTEMI ag® PROGRAM ACROBYNCHRONTZATION ampesents a
peak or trough in the signal while a "zero" bit é%O"% i ndi cates no peak.
Data to be provided to aRFEEVFERAYIZATIANCPEF of PREDIRETRFAM 3 sequenti a

string of bits, to be recorded or readback on/fromthe recording nmedia as
transitions. In the prior art, a data set will include a VFO ("Variable
Frequency Gscillator") patt@ACKERANGPEE fIHE IIOVEANTAON(a header) and a
particul ar known transition frequency to synchronize a read clock (such as
a phase | ocked loop ("PLL")) to the codeword bit frequency. The VFO

pattern j“*163%§§ﬂj o8 +HdL 12QR6,MQ,03/ 056557 PCT/ EP02/ 14563 2 may conprise
repetitive codeword pattern, such as a sequence of "10" or 2T bits, but

whi ch i s Thdenpr¢sabt e ibegeabsenofraltaged ovat aomeitiod , hesporrem A &ndwprogram

Z% 2 g 3 re 3 nl é{afta ! sg% cgﬁrlrogwl zsa tail osno al nd0 rroevslycrll% r%%ti%%q otnh % fvgod%%tat %rtrJ]: ea‘arr]rlc.I any

2. Description of the Related Art

In data recording systems, a data drive writes positive and
negative "“flux transitions” to a storage medium using encoding
schemesg known in the art, and a decoder is used to read back the
encoded data stored on the storage medium. A “one” bit (“17)
represents a peak or trough in the signal while a “zero” bit
(*0") indicates no peak. Data to be provided to a recording
channel -or decoder 1s a sequential string of bits, to be
recorded or readback on/from the recording media as transitions.
In the prior art, a data set will include a VFO (“Variable
Frequency Oscillator”) pattern at a specific location (a header)
and a particular known transition frequency to synchronize a
read clock (such ag a phase locked loop (“PLL”)) to the codeword
bit frequency. The VFO pattern
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the decoder to align to the codeword boundaries and to the' start 1 pg@t |m5|
of the incom ng data. If the PLL does not achi eve conpl ete phase | ock,

if the decw% %@gg not align to the codeword-boundari es p@T,igb@msdgcom ng
data,. then 't ecoder will not be able to successfully decode incom ng

encoded data until the next synchronization ("sync") or resynchronization
("resync") pattern is encountered, -ugually in the header of the next data
set or in a header for a grouping of codeword groups. \Wen a

synchroni zation pattern is not detected (m ssed) or detected erroneously
in the virahgommsiisieonepetitivaueodewerH@pEEeyn t FRCheRAcE PPIUPHS tion and

al'i gnmed ¢ ‘Qtd?'o%‘?r"‘@ﬁ:db%gndﬁ?te?hté h Nl 1 JERQWR 1 aACEOhEERGLY  oft Niecglecoder

will not be able to success decode t he encoded data_ unless or until
some fukedrriosyia A beades. ethD‘Pn‘t“er&‘éﬂld'@@@HZé§1PHemﬁ§]§t1%y‘?1]c'5%r

resync“ﬁ%ﬁ%&%t@@éﬂ ghbaler Sat Qe 9L Gode ?”Ehbééédl Bhtai te alrdwor

propagation, which is a catastrophic type of failure gn th gh t he

| ocati ontlesg dasedgrotpaptésn hAdt ﬂecoéﬁﬂﬂﬁﬁrgﬁPﬁéﬁFbﬁsnﬁF Ee &

m sdet ecd{ 0N QfRRE0AN ofPERe Phismidy td@asynchroni zation mark nay prevent
recognition of the synchronization mark. Wthout proper recognition of the

synchroni zation mark, the data detector will not be in-synch with the

recor dedr £t 08, Wobk AL LEROEREZ&orid1R cdabAaskN1bbR, P5EOLf ate data
errors are addressed u5|ng error correctlng code Such codes al | ow
*.

det ect i GHEAAPTC GCrECPPEN2 LI nhAY P Ie¥0s Pﬁﬁné?t:b?ﬁ “RowtSer, errors in
t he VFChﬁmcmﬁuﬁﬁh%ﬁalZtﬁgnpahéedaeo@aymﬁﬂ&uhbtibenhBSengodetectlon of the

Ther of oriisB TAILY ABFetEi SACHESPBeYI Ut Aoreadr Y  debs Before or after

t he dat asymetdopizbaiba. (Péynhe)sbarreaﬁnqmabalzetmon (Yeesymi'ned vi a

detectlon égeﬁhhﬁsséng RQEEQ&' sﬁgif§ fﬂ Ehgahgader of the next data
set or in a header for a grouping of codeword groups. When a
synchronization pattern is not detected (missed) or detected
erroneously in the wrong positien (e.g., due to a defect), the
exact bit position and alignment to codeword boundaries is mnot
known. Accordingly, the decoder will not be able to
successfully decode the encoded data unless or until some
further sync field is encountered, such as the next sync or
resynchronization. Such a failure to decode comprises infinite

error propagation, which is a catastrophic type of failure.

Even though the location of the VFO pattern and the
synchronization mark are known, misdetection of one or more
bits in the synchronization mark may prevént recognition of
the synchronization mark. Without proper recognition of the
synchronization mark, the data detector will not be in-synch

with the recorded data and will not recognize the data.

In the prior art, data errors are addressed using error
correcting codes. Such codes allow detection and correction of
many data recording errors. However, errors in the VFO or
synchronizing patterns may result in missing detection of the

synchronization mark or detecting it in the wrong place.



bet ween one synchroni zation nark and a subsequent synchronization! el 2006
which is detected successfully will be |lost. This nmay have a catastrophic
effect, rendering useless the error correct i ng codes protecting the data.
In the commonly assigned US Patent No. 5,999,110, a nethod is discl osed

based on TusivdF Ak enaosledh Sy nddt OOt Zah | 0ay MBekinconcht eaatiedgwidbll aa béEOre

pattern Wnere t he, encoded hr i on r S at | m
Hanm ng di'st a],;lce f}e’(})lm %ea cro%%ﬁ}éng?gég%mo fli)]gri KLf<}}1|e ﬁgg = fa (ggt%%smlf t“r?t
fixed pldatguminest viasdegewdven, 9 @betéwn0§§9nﬂ@atc|1@ﬁs m%lﬂ@h aklghlata

Enhanced Raridedl Regpense dynenflod EPR oMavefhRiii thgnaam nam @@m@e@@ent
di st ance nea urerrents are |l ess e fective b cause rrors ﬂ‘g]r %rlqﬂag%te

bet ween PYAKETOFHER YN er PHTK 2 WRAEH | A5t hECRTTEED pIHRATRS
sophi st dats&d S yiinGler anazatuaw andcréesyphrhpbniz a&tfiferrtnet hedder bng edised ess

errors ichdaha SN ng SR eMRiesThE JHURNSRN chal ek 0 517 483 Bl
di scl oses a nethod for decoding a unique data sequence formng an address

mark within a streamof RLL coded data values in order to start a byte
cl ock forrsyticdr eompatilgnsa e tdnedd aUEIatP&xtesﬁqu@mceS eboaldat a stwedlged is

system Tfje HRJQue ?éée&eq&!ﬁ”c%sﬁ%m ?afrlegy?ﬁé’ dses ﬁEhkSﬁEEaEY‘Bnadh%‘i%”t

sequences of zeros a mhaxi num pe OCC rrirn et ween t hree
flux tr&icateret@ter WG edét erﬁ"iFl@ed IE_aEt@eWa c&(a‘é’reSE}MVAIQ eoF fRecded
PREFERRERyRWB@IAINVEANES dtr avadediss setmedthod, nxdmem mﬂnzpfg)gﬁaméﬂce from

achi evi ng,, SYREOLONZALIN LcR bLpar ygata,ghreams AT L dataest Leamy

isS receive sync hroni zati on nar havi n east one eak 1's
gener at e®liuied 14 |Hadtitohe poP¥RVER. t be aa%*aalgt@@amcm‘al%éodéac afig an
stream.i Enf}@.rnmédl byacohsat eraipoigd heypsynrchipprZat walvemfclm W e t hlax:Lmum

recei ved cﬁ%é&aﬁ%@'ﬂ@as&??ﬂgﬁgg a&geli%ﬂfggace %@5 Serrors

det ect ed ase on error ion-occurring a | €3St One
i sol at ed tgask tooﬂﬂ%‘?s%ﬁ@c e@é?t iPedKear k.

Thus, there is a need in the art to provide more sophisticated
synchronization and resynchronization methods to reduce errors
in data encoding gsystems. The European Patent 0 517 483 Bl
discloses a method for decoding a unique data sequence fbrming
an address mark within a stream of RLL coded data values 1in
order to start a byte clock for synchronizations within a data
sequencer of a data storage system. The unique data sequence
nominally comprises at least two adjacent sequences of zeros of
a maximum permitted length occurring between three flux
transitions under a predetermined RLL data code.

SUMMARY OF THE PREFERRED EMBODIMENTS

Provided 1s a method, system, and program for achieving
synchronization in a binary data stream. A binary data stream
is received. A synchronization mark having at least one

isolated peak is generated into at least one point in the data
stream. An encoded data stream is formed by concatenating the
synchronization mark with the received binary data. During
decoding, the synchronization mark is detected based on error
propagation occurring adjacent to the at least one isolated peak
of the synchronization mark.

[RALIBCC]05136.doc:gmm
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further inplenentations, the received binary data streamis concate Aple&

with at | eggg ofeesdesynchroni zation mark, wherein the at pegasby/ee
resynchroni zation mark is located in the mddle of the received binary data

stream and the resynchronization mark and the encoded binary data are
different. The resynchronization marf s detected to verify that the
decodi ng process is operating correctly. in still further inplenentations,

a data section of lthe recei ved binary data stream.i sdenco ed at ;an encoded
rate offn mumther thpleneytrEkenf z iR SFEiRCCoRRTTeLa ] iSEEP afality of

bi t's e%%q‘g%lt%%ttsa hyigss o144 o dedyhioRaci; #at on Txidesdradssa

i npl enent’ati ons provi a technique to provide L%ov d, de‘iq'gedi ng of data
by | ocddiengtsyeestonie ¥ ¢BMARMPRIZESH0Ph PG Eat F orPPRAr K h e data stream

to inp h erLiONved it At rseetireAni and heha ecei ved bi nary data
st reamm'é%llEF%SEg%%{I IEDTI ON OF THE W NGS Regerri ng.now to the drawings in

whi ch ieeamchironérablomnbeFs and diss SRCOEsFr BLIRBRYEI FFPaF1% t hr oughout :

FI G 1di1§lf{é§te5@t.es an architecture of conponents in a tape drive to encode
and decode data in which aspects of the invention are inplenented; FIG 2
illustrates the recording or channel format of encoded data sets enpl oying

the syRgRy QRisZalheBnaRgt {68 ighik 0f8 ZRticditedTabkserif nctioatdariee with
i mpl enent ations of the invention, and 1 8 JUL 2006 WO 03/ 056557
PCT/ EPGECPSgy process i1s operating correctly.

Tn still further implementations, a data section of the
received binary data stream is encoded at an encoded rate of
m/n and the resynchronization mark comprises a fixed plurality

of bits equivalent to bytes of the encoded binary data.

The described implementations provide a technique to provide
improved decoding of data by locating synchronization and
resynchroization marks in the data stream to improve the

detection of the data section in the received binary data

stream.
BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference numbers

represent corresponding parts throughout:

FIG. 1 illustrates an architecture of components in a tape
drive to encode and decode data in which aspects of the

invention are implemented;

FIG. 2 illustrates the recording or channel format of encoded
data sets employing the synchronization and resynchronization

marks in accordance with implementations of the invention; and



5 FIG 3 illustrates logic to detect a synchronization mark in a data
streamin accordance with inplenentations of the invention; FIG18 Jy. 2006
i'l I ustr at eswb@gisssso detect a resynchronization mark in aCT@EPORASE W t h
i mpl enentations of the invention; and FIG 5 illustrates logic to utilize
the logic of FIG. 3 and 4 when decoding data in accordance with

i npl enentations of the invention. “DETA|I LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS in the follow ng description, reference is nade to the

acconpanyi ng_draw ngs which forma_part hereof _and,whj¢ch:- illusirate |
sever al Fg‘ﬁbo%li Fehiatratesdogiesknt dersehtd ﬂncwopézath%rlg?%dlq ifat ot her

enbodi ngats sEvedif 1M iddeeedanbd wstk ubipTaleriadioper afi ehal changes may. be
made without  departing fromthe scope of the present invention. FIG 1

i |l ustré®ee&le®Rpe storage environnent in which aspects of the invention
are inplenmented. A host system2 is in comunication with a tape drive 4.
The tape _drive, 4 nmay be a_. conponept. within the host.system ncl osure or
a drivefift nt nlljauﬁ'éf?et% BPEEG BP Y8PeCt &t FESYES OP%X%?)%?'%‘%/S em 2
comMmuni gaéEsdahdd WM iapletentkt{ont sham) .inleattape andve 4 includes an
encoder 6 to encode data received fromthe host 2 that is to be witten on
a tape nedium8 in a tape cartridge 10 engaged with the tape drive 4 wite
head 16rrdhestaprusitiates dobtiet beruthrizelahen ldgiodef E2Gs0 Hevwilel dat a

d h ' 8 h 2 |1
1" AR ot G arroeeeiCh il A PR RNE Bl MR 10

performmwvéteiamd read operations, respectively, with respect. to encoded
data on the tape nedium 8 in a manner known in the art. The encoder 6 and

decoder 12 may be inplemented as 1 8 JUL 2006 WD 03/ 056557 PCT/ EP02/ 14563
DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Tn the following description, reference is made to the
accompanying drawings which form a part hereof and which
~illustrate several embodiments of the pfesent invention. It is
understood that other embodiments may be utilized and
structural and operational changes may be made without

departing from the scope of the present invention.

FIG. 1 illustrates a tape storage enviromment in which aspects
of the invention are implemented. A host system 2 is in
communication with a tape drive 4. The tape drive 4 may be a
component within the host system 2 enclosure or a drive within
a tape library or tape server that the host system 2
communicates with over a network (not shdwn). The tape drive 4
includes an encoder 6 to encode data received from the host 2
that is to be written on a tape medium 8 in a tape cartridge
10 engaged with the tape drive 4 write head 16. The tape drive
4 further includes a decoder 12 to decode data stored on the
tape medium 8 to return to the host system 2. A controller 14
within the tape drive 4 drives a writehead 16 and readhead 18
to perform write and read operations, respectively, with
respect to encoded data on the tape medium 8 in a manner known

in the art. The encoder 6 and decoder 12 may be implemented as



6 separate hardware conponents external to the controller 14 °r18{UL2WB
i npl emented within | ogic executed by the controller 14. In alternative

i‘nmpl ement at{ySsdske encoder and decoder may be i npl enentsciy/ERn/1etcher
types of storage devices, such as a hard disk drive, optical disk drive or
ot her device for reading and witing data to a non-volatile storage

medi um I n the described inplementatifors, the tape nmedium 8 conprises a
magnetic tape (e.g., Linear Tape Open, Travan, etc.) or digital tape. The
witehead 16 wites the encoded binarz bit_stream in thﬁ11 f0£n1of fl ux
transit Fepsrate handvame samboments Fotepral bR theycontrehieheltaPE nedi um

8, the g ggg&ggzgt%@ %@ﬁiﬂirﬁbﬁ&%&@%%ddﬁﬁ%ﬁé wBdtheltapegedi um 8, which

is then 12, which provides the output binary data to
return to the host 2. If the errors when readi ng do not exceed the error-

correct 1RO, FERARLLIVY OlpidiferiBledndsetnd Obnsda'RRl 2akbaRr AAd be

error-contro binary output data fromthe decoder 12 w ] .coincide
Wi th thémblementedpin efher frymest RE ABS¥aZe 4¢ViGa% aiSHPrBPeftei®ati ons, the

i nput  afy; Lhegwi s ehgadi b andk dheveeadhsared &dFieaTprcheatong. addius, the
data streaminto the read channel, nust Frovide the ;Io%Fing necessary to
al | ow whétiegddehbd B8 & evvdetivei aterpre et r dfsittfons of the

stored gdatarsBedhdhpratadeitibhsTayhdeeage hadieha reimprispata data. The
decoder 12 includes a Phase Lock LOOB (PLL af circui%. glocking fields are
Bo ow ¥ Phas

appendetiegBethe EMRDIER! Hat F176PE| JEPECRP HepLLE & Lock Loop (PLL)
20 to aghhevel eawse-|ock before entering encoded data fields, which
require the PLL's clock to be successfully read. A wite formatter 22 adds
headers having clocking information to each data set. For exanple, wite
f or mat t @he 29r DPERGA®SLE her i tsnc atier eficodedybingendridt str2amandnnthei pl exor
(MIX) 290%8 %fsff&%'égég%itions, to the tape medium 8. To retrieve

data from the tape medium 8, the readhead 18 reads the encoded

data from the tape medium 8, which is then decoded by decoder

12, which provides the output binary data to return to the

host 2. If the errors when reading do not exceed the error-

correcting capability of the codes used for synchronization

and error-control, the binary output data from the decoder 12

will coincide with the binary input data from the host 2.

In certain implémentations, the input at the writehead 16 and
the readhead 18 are asynchronous. Thus, the data stream into
the read channel must provide the clocking necessary to allow
the readhead 18 to correctly interpret the transitions of the
stored data so that decoder 12 may decode the channel output
data. The decoder 12 includes a Phase Lock Loop (PLL) 20
circuit. Clocking fields are appended to the encoded data
fields to allow the PLL Phase Lock Loop (PLL) 20 to achieve
phase-lock before entering encoded data fields, which require

the PLL's clock to be successfully read.

2 write formatter 22 adds headers having clocking information
to each data set. For example, write formatter 22 operates the

encoder 6, a sync generator 24 and multiplexor (MUX) 26 to



WO 03/ 056557 PCT/ EPO2/ 14563 7 arrange the encoded data, sync signé‘@JUbﬂ@m,
ih a desired format. The clocking information may then be utilized by the
readhead 16wosigdenRti fy the position of each of the transpd¥Eng/14563t he
encoded data and supply that information to, the decoder 12 for decodi ng
the encoded data. The output signal patterns fromthe readhead 18 are al so
supplied to a sync detector 28 whith/ detects the synchroni zati on patterns
in the binary data read fromthe tape nmedium 8. Read formatter 30 wuses

detected synchroni zati on marks to determ ne which of, the_ decoder output is
data. Fle@ragoel theterteded atdec svarngionatharflied - f dfrét 96F1ERCoded data

sets emioyLpg &ng ?ywﬂxgq‘iﬁ?édraﬁt%ﬂ HES VPN BY AatiildmednBykshen

accordancé wth inplenentations of the invention. §$C data set is

separ at exaldpeaddaf ate etdenipbiniidie Popifapnset eaffe? ®data is recorded by
a_Magnet),6oLapgofl! ¥e, rhdSifndes dabkPheal b¥pont |atkd arokigtion taterbl ock
gap. The gap is sonetines followed by a variable fr uen%é gspLI1ator _
(VFO ateadseodeni th for 1e99diad ket ARCBEEH I ama OBEPY50 to  mai ntain

synchronj;jze t hg,datanf recienae bRatilahaof stdee Qo angplikd data recording,
the tape drive 10 may operate at various S eeds,,or.ngy s%gg and.restart
YRR BECSST

or reversyacdieseeton, 28 tHekt slatreckdsFhg EYRMYES F&quency,
whi ch mMysf{e Bena 96t 8494 Neshdyrddie thlel tdPebyedbtirca | IRpacheoYROtarea3l

frequency. The VFO area 52 is then 15 fol]owed by ithe encod a 53-55
quadr anti€esaAgterhed o ILZAHER Wﬁ§LﬁD€%W$%ﬁ?éﬁﬁfﬁmﬁ%légcEaa?g%, such as

magnet i @dcaper aubpekwes d3ad4O area 57. In the described inplenmentations, a
grioupi ng of codeword groups, or codeword quad 54, is expanded and shown in
greater detail in FIG 2. Each codeword quad includes a header with a

| eadi ng ARO patileuatbdtemdclze ssarcindinpzari chameek Birmag of encoded

data sets employing the synchronization and resynchronization
marks in accordance with implementations of the invention.
Each data set is separated by a data set separator, or gap 50.
When the data is recorded by a magnetic tape drive, the gap is
typically called the "IBG" or interblock gap. The gap is
sometimes followed by a variable frequency oscillator (VEQ)
area 52, which is utilized by the output channel PLL 20 to
maintain synchronize the data frequency to that of the VFO
area. In data recording, the tape drive 10 may operate at
various speeds, or may stop and restart or reverse direction,
therefore causing changes in the data frequency, which must be
determined by the PLL 20 by detecting the VFO area frequency.
The VFO area 52 is then 15 followed by the encoded data 53-55
quadrants, and, in tape drives that may move forward or

backwards, such as magnetic tape, a backwards VFO area 57.

Tn the described implementations, a grouping of codeword
groups, or codeword quad 54, is expanded and shown in greater
detail in FIG. 2. Each codeword guad includes a header with a
leading VFO pattern 60 and a synchronization mark 61; a
plurality of codeword groups 62-63, separated by a
resynchronization mark 65, and having a"Reverse Sync" pattern

68 for magnetic tape, at the end of the quad, adjacent to the



plurality of codeword groups 62-63, separated by a resynchronizat! &gube606
65, and having a"Reverse Sync" pattern 68 for magnetic tape, at the end of
the quad, {6 aseRtssto the 1 8 JUL 2006 WD 03/ 056557 PCT/ EPQ2/EPdHfi8638 next
VFO pattern. Each of the codeword groups 62-63 may be of any suitable-

| ength. it is also preferable that the VFO pattern 60 be encountered
before the synchroni zation mark 61- &8nd concatenated therewth, so that the
frequency nay be adjusted before the decoder 40 is aligned to the
synchroni zati on mark. The described inplenentations may be configured to
read ansexy iVE® patheth .dEaeht dHnshdycagewordg orrupss§ach? oray 28 mark 68

I n the opposi.te.sid f. the_ VF [ r ofeer, and

concat ésdu\)ﬁapﬁ.et ﬁgﬁggfpai Hyngs\%%g%ef%r%%b %ugﬁgﬁh@%everse sync 68, the
VFO 60 pattttbrirh@ Onéet esgnuhtened dbéforandtie synghyobézebheatidt &l in a
sequential string. Th r | r.e el | | equency
codeword™ ﬁ:é’(chrt%ng-rggai gg%ig‘?liglgi 25 ngcﬂzia& r g?&l ? ?:%FE %ﬁ%g‘h Tg%c%({ ed in a

header .adhes té@eObedivtrer kth60dpcoderedl dssiedrigngdt £er Rhen which the cl ock- or

PLL na dj.ust . .qQpe LN EHUENCH, : Ransa 52
(phaseyﬁbgz:%r.sotnﬁ%%%\}gg %)ng%%cé?'ﬁﬁéo must béép l?%?%im%ii?gﬁﬂﬂgn%long? however, that
t he fr erprefigpuesh te r¢afeanédwribel Hodedd &Fﬁé%gfﬁem%ﬁi‘mﬁw % or

patter U AQv dednbokakbow, the dgsrdele b3gkoodetenvine the start of
at a a

encode ) I'i'gning.1t to the codeword boundaries, Because the
synchr @attaimmndaik LevaragySraef aciitt awcatepatpdi YLl ¥8%  opposed to a

resy”ChEdPaPii Z:]ng) gLk cwhhchThss Notle AdiRrsey REAROBBZathewmmrdo i s readily
detecte o]] oW n he VFO  patfern. 'E’hhe Ioca;tm;lbon of the s n&hirr&)nail zation
mark | sdlshe @epdh FAPERTORY ZRbhER P Hh AL FEYWOP CBBCRERICTR" et Sted dat a.

sequential string.

The VFO pattern 60 is a_repetitive high frequency codeword
pattern and identifiable as a result of being located in a
"header. The VFO pattern 60 prdvides a short pattern in which
the clock or PLL may adjust the operating frequency to that of
the VFO area 52 (phase-lock). The VFO pattern 60 must be
sufficiently long, however, that the frequency can be detected

and locked.

The synchronization mark or pattern 61 is provided to allow
the decoder 12 to determine the start of encoded data,

. aligning it to the codeword boundaries. Because the
synchronization mark is always adjacent tp a VFO pattern (as_
opposed to a resynchronization mark which is not), the
synchronization mark is readily detected following the VFO
pattern. The location of the gynchronization mark largely

eliminates any concern that it will be seen in encoded data.

Errors in the VFO and/or synchronizing patterns may result in
finding the synchronizing pattern in the wrong place, with the
consequence that the recording read channel begins supplying '
vdata" before or after the data actually starts. This would

cause the decoder 12 to operate out of synchronization,



Errors in the VFO and/or synchronizing patterns may result in firfdd ng 0066
synchroni zing pattern in the wong place; with the consequence that the
recordi ng rgadses@snel begins supplying "data" before or mfIERI2/A4363 dat a
actually starts. This would cause the decoder 12 to operate out of
synchroni zation, 1 8 JUL 2006 WO 03/ 056557 PCT/ EP02/ 14563 9 t her eby
preventing any of the supplied "data? from being decoded. One error
occurring in data recording systens is a "bit shift," where the
inter-synbol interference of high frequepcy signals shifts the detection
of any thanehYiwrevendindg esy af hhpaserRlie n"éarqq?aon%ﬁa‘ bPswBfds a 1ong
SLr1NO 8hclfeal IGHES IS oBRRYInGSin NAUE AbddiAcABEELEABSLs dI S causes

the detectron circuitry to shift e transjitions o onger , spans into
di f f er ehbiposhifiors wheye thet inbey-agPehsinkar fsrenser 8heBiglPy detected as

Shorter;?éﬁ%&é{%s' HRETHAERQT the BOBLcOh IdARS iteBn8Geybs &gy sl owly to

form siro a en read, and therefore does not neet a_m ni num
det ect | Enonheesidiatestt &ysesi tidencerdrtowands & HONG &4ELPPoRT S ni ssed

conpl et ely, o §tidds 2BRIRE™ 0 BbrivEsH! Lise fé:uRdalieflsy . Thikheat®séa which
results 1n a dramatic I'oss of signal anplitude and cha

atic loss . ge of
t r ansf eheufeteOnl o Cig Qudkgvh tef SPhEL 5% G BIF WL f’ﬁegaﬁ?ﬁri s recorded.
In the dgsesibed idiRRRiaboslsions Siclrtitet attdyomagl gastehd bbased on
runs of consecutjve_ error bet\/\ﬁen geaks 1g)f a synchronization mark is
di scl oséﬂr%?%mﬁ%ﬂed:e&tx?\s%ﬁts PRET LT Rt itussed above. The al gorithm
according to the described inplenentations utilizes a synchronization mark
consi sting of isolated aks. |sol ated peaks are d S peaks
act as fEPERSY HHM é"rss% i 5F ﬁ%nﬁb%fozfi?ceqlg/rst yltf)ogj s(@?%g?r g?.%%ﬁ%pagation
found i BtdesedsighdiPRhel’ beendeddPaheraf or Retyronswt) megeaohinggtor ms. | n
one Inpéggggéf%ﬂ‘%hfﬁgﬂgldaof a peak detector. Thus, the transition

is missed completely. Still another error results from defects

in the media which results in a dramatic loss of signal
amplitude and change of transfer .function for a length of the

track on which the data is recorded.

In the described implementations, an error detection algorithm
based on runs of consecutive errors between peaks of a
synchronization mark is disclosed which would prevent the
errors discussed above. The algorithm according to the
described implementations utilizes a synchronization mark
consisting of isolated peaks. Isolated peaks are used because
the peaks act as natural barriers agdinsp the most likely type
of error propagation found in decoding EPR4 (*Extended Partial
Response”) type of waveforms. In one implementation using a
16/17 encoding rate, a 17-bit synchronization symbol S may be
used, such as S = 01000100001010001, which is appended to the
VFO. Alternative synchronization symbols may be generated into.
the data stream. Generating synchronization symbols (S) before
the data in the data stream enable the decoder 12 to -detect
the point at which data decoding begins in the data stream. In
certain impleméntations, the synchronization symbol is

appended to the VFO to obtain:



16/ 17 encoding rate, a 17-bit synchronization synbol S may be usetl§ Jyuchs
as S = 01000100001010001, which is appended to the VFO Alternative
synchroni zgfh g8l est¥dibol s may be generated into. the data sioraepor/i48enerating
synchroni zation synbols (S) before the data in the data stream enable the
decoder 12 to-detect the point at which data decoding begins in the data
stream In .certain inplenentationrslOthe synchroni zati on synbol is
appended to the VFOto obtain: 1 8 JUL 2006 WO 03/ 056557 PCT/ EP02/ 14563 -
10 S = 1001000100001010001. Because the first two bits (10) of S are
already in the VFO, seveft eenl®®1&)05i0¥H0d4Hd 080119, are appended to the

VPO Whisgho oL BRI VAN O N8 RYBPSoENsA A LA Al LAl ehe YROLNI S vay,
t he propagaltll on peak i's exploited to incorporate the Synchronizat]on synbol
into a peveagesn dplpeakinsHeady alfuddef are hearrsniat e e SHOsyWBoFR(S ) can
be gener gt | Y neLs : en tdet-gr 81 g, the
dat a c%% %‘g"‘!rg%% e%%{i&nﬁoeaﬁggcgfds% %&%g%d%%%g foll ow ng 'tgé

synchr obheapt opagaticn eadddist esnlostadete hineruronade &hgo be read in the

reverse_di ' sﬁ%ﬂ)‘iﬁr iLzatki i ) okdedel Bft he
rever sesgbélggé#g%a%ﬂ}gr t he e%@géeé Bﬁ%ﬁé&@ ﬁ%ﬁu@% ?\% pgrti on of the
synchr ohheasyochnerizatsion jswabplt 6She e¥hfRe PRIt echd™V/FO pattern, and
the SYOEBLALEAL Gbdllids | SRkl el Hak 0ol OQGRIZRM, Ukl abha  ful |

a

pattern 1s actu y encountered. Thus, if a valid,k6 synchroni, zat égg mark is

encount epadodel epatehcawb Fagst Herauset the faty hegips)EoldC¥dRPZEE®i n t he

corr ect ¢{,QERE bRz a ICRIHTRA . TS a86EHL 6L N0s irkd hthe/AtappaRdadso be
synchroni zation S invol ve bursts w tﬂ an even n.unt?_%rp of "%s". bet ween
peaks. FRadai@i bR Eevaras Gre65itRr nthBe FYHEEIHFALACHUAGTE pBak is al so

common. P86 St Er&Ed Oin Ald efeRertbalinayt boe HEtase the encoded
data.. As a result, no portion of the synchronization mark is
likely to be confused with the VFO pattern, and the |
synchronization mark is unlikely to be recognized until the
full pattern is actually encountered. Thus, if a valid
synchronization mark is encountered before encoded data is, it

will likely be recognized in the correct location.

Common errors occurring in the VFO appended synchronization S’
involve bursts with an even number of “1s” between peaks. In
addition, an error pattern of type “101" around a peak is also
common. Possible error patterns that may occur are:

1111000000000000000

0000000001111000000

0000011000000011110

0010100000000000000
Thus, in accordance with the present invention, the decoder 12

should be capable of recognizing the commonly occurring error

'patterns as such.

Tn the described implementations, the binary stream received
by the decoder 12 includes the VFO field 101010 followed by
the synchronization mark, and then by the data encoded using a

16/17 rate code, such as the rate code disclosed in the



1111000000000000000 0000000001111000000 0000011000000011110 18 006
0010100000000000000 Thus, in accordance with the present invention, Q%é
decoder 12 shoul d be capabl e of recogni??hg t he commonly occurring error
patterns as such. In the described inplenentations, the binary stream
recei ved reBptielde Wécodert eIt | applidest 1o T3 0 BRIL ibleloenértzéwéd "Methere

synchroni zati op_mark, and fhen t he data_.epcoded usi 17 cr

code, su@ﬁl%s ‘Rﬁgarﬁf“ésco Chi s%l%géjéf&rf% tHgg% 8 g%L ch%éaanlt]leq:'{r el étsg’gg&e&
patent applineatii@ms2003{ 0123 ét £t | Réedrd Megy hodysaaal” Appahaiesnf oeach
Encoding Data to Guarantee |Isolated Transitions in a Magnetic Recaqrding

Syst ent', onidemend edcirt & otfewerds sWakhs ngn MaTEs thath Here®r eeraanaphr édree
zeros and three , ones, W‘M‘eéﬁt &‘fné’atlto‘irorl%ﬂoqlo%%o%1%%1@%%1%1@&0e%@tuded
B Codélior & e5h 10.

excl uded “"SKd eAd ains a peak 0 To "encodé t he EPRA

wavef or manidheetnargoddweain cenpreaeded peakl viplyi n@d hencbilnaryhest E@&h

by 1/ (1(DD), (where D is a delay operator) and hen convol vi.ng t.he binary
st r eam wweefoxm), ( £he2) Pi skt aFhTERB  EPRA mB%h IR ll?l%mﬁ?’len

the art. _ To _decode the EPR rm Vit etrbi. decodj I j S

appl i ed £ & FosTr BFY™ Egi gl)/ \\I/\?r@lbgh o%ﬁ? ]éé wg)ve %r%n Qiaeg%ﬁh%%%ésﬁﬁj of *the
Viterbi +ale@orddriv®lng R0 sieodathady eapelnyivigt hel msul1+5)  the odlgdni thua
with 1(c)D. FIG 3 illustrates logic inplenmented in the synch detector 28
to detedPR4 siavaficsm Zat i DNMABRRT| KnPWE dscdinfed i nar Joveerere(Fge EPRA
r2, ...) Cri . [WeJalS ; chroni,zat i K ARk

ot 1 enst BHETSEIL D e L RO A AT TP T T pra
begi ns atdilsgckvdDOiopomfr ecled viwagediorinnpuand bithar yreselor ofr othe 1Vikcgrbi

.) , where each rj is a bi ac{y val ue

algorithm is postcoded 'by convolving the result of the algorithm

with 1@D.

FIG. 3 illustrates logic implemented in the synch detector 28 to
detect a synchronization mark in the received binary vector (ro,
ry, Y3, TJ. In described implementations, the synchronization
mark includes at least one peak, such as a “010”. With respect
to FIG. 3, control begins at block 100 upon receiving an input
binary vector (ro,, ri, T2, ...), where each r; is a binary value
for the jth item in the received input vector. The synch
detector 28 initializes (at block 102) j to zero. A considered
section of the input vector (rj, Tj.a, ..., TYj.«s) 1s compared with
the synchronization symbol (S'), where S = 1001000100001010001,
to determine (at block 104) the Hamming distance there between,
which is the number of bit locations in each vector that differ.
If (at block 106) the determined Hamming distance between the
congidered section of the input wvector (xrj, ¥jsa, ..., Ij.s) and
the synchronization symbol (S’ = 1001000100001010001) 1is less

than or equal to two, then the considered section of the input

vector (rj, Tjy1, ..., Tias) is deemed (at block 108) to be the

[RALIBCC]05136.doc:gmm



for the jth itemin the received input vector. The synch detectdrf 28 2006
initializes (at block 102) j to zero. A considered section of the input
vector (rj ’wgﬂo:'iﬂassséd +18) is conpared with the synchroni zapcworoanss®l (S ),
where S = 1001000100001010001, to determne (at block 104) the Hamm ng
di stance there between, which is the nunber of bit ‘locations in each
vector that differ. If (at bl ock t08% the determnm ned Hanmm ng di stance
between the considered section of the input vector (rj, rj+1, rj+18) and
t he synchroni zati on synbol (S = 1001000100001010001) is less than or
equal tsynabronheaticre HEHM siEdiseEheoreesived b HRRY RREROST (rj, rj+,

eened t1t 8 FhBtrdec. gnm 1 8
JuL Zgéggg\%%%% 0%%5 6(7@3%%%3%?4%%%Og%niﬂ%yc&l%h%%{n%%s?on st%gol gWl thin

the recébaadtipnatenexn GrrorOVRetarsE, 15 fcabetintrk B6PLAE tdMhi ng
di st ances o B2 ELs1 $AAL L 0R){ ENLAR E6ALLAURE Aedticn Gl et ed (at

bl ock 1 as t usive or (XOR) of the considered section of the
i nput véobok vej:toxj (g, Tyae; - riwb8) ARA the SREHHZ2ELCINSYRRBSI (S =

1001000](%0001969g§’ iod(ﬂﬁtdﬂdo%@l)' anQGlt’fﬁ ofn (& x%otor (e, €18) . A value
XO is set he unC|on(Qd of eoVe,,Ve2 The

val ue X&iis -s:e?ua)(atA biéti@l@ X145 Fﬁtth% drkyehcltl of e4 V e5 V e6.
The val a§s5<§nct§o§etoxé)atoﬂolé30k 4116/) e 0 the xﬁlal:ﬁieurmt i@n s(a@R)(aﬁf be8c¥ e9 V
el0 V The value X3 s s ?351 block(yl18) to elg1 V;(Ee X4 is
set (at 1BI43>CR°1§]B? %S:tw%oga QhctPBA PRy« ¥ Ss-ell ev"é‘ el8. The
vari abl sXsk8 (AeMbB&dk (X6 )blvec khd2d) s§ant titoms u(oRof ofxlaB X2¢, X3.e.aNd X4. |f
(at block 124) X1.is ual to on he proc S 108 to
deemth@lﬂcoﬁ?ﬁd&"‘éﬂes’zgt’r%rﬁ%tf (% é’tmﬁ% ﬁ%éc%r 13(r?€ V‘%ﬁue e Ks rj +18)
as syncBeeni(zatboockerdo) red el dﬂ\ﬂt_junetim (ORY heff 56V @ik \(a@uM ock 126)
X1s gr%ﬁie&hghggrigglet£mggJtﬂé% set (at block 122) to the sum of
X1, X2, X3, and X4.

If (at block 124) X1 is equal to one, then control proceeds to
block 108 to deem the considered section of. the input vector
ATy, Tysis---sTj18) as synchronization mark in the input vector.
Otherwise, if (at block 126) X is greater than two, then j is
incremented (at block 128) by one and control proceeds back tol
block 104 to consider the next section of the input vector,
shifted to the right by one bit. Otherwise, if (at block 126)
X is equal to two, then the variable M is determined (at block
130) as the number of bit values in the error vector - (E) that

is one. The vector W of (i,, i;,...,1iy;) is determined (at
block 132), such that i, is the offset into the considered
section of the input vector (ry, Ty, ....Yjas) Of the kth value

of one. For instance, for the vector 10101, i, is 0, i, is 2,
and i, is 4. The synchronization detector 28 then sets (at
.block 134) the variable L to the number of times that (ik - i
w1) is equal to one for 1 < k < M-1. If (at block 136) L is
equal to M-2, then control proceeds to block 108 to accept

the currently considered section (rj, Ty -...TFjue) @S the
synchronization mark, otherwise, control proceeds to block 128

to consider the next possible synchronization mark in the



i ncremented (at bl ock 128) by one and control proceeds back to, bﬂ@cJIULllﬂﬂﬁ
to consider the next section of the input vector, shifted to the right by
one bit. Owerosiosess? if (at block 126) X is equal to two, RCEEPRMEYari abl e
Mis determ ned (at block 130) as the nunber of bit values in the error

vector (E) that is one. The vector Wof (io, i1, ... , iM1l) is determned
(at  block 132), such that ik is tHe 1o fset into the considered section of
the input vector (rj, r;+1, ... , rj+18) of. the kth value of one. For

i nstance, faqr the vectqr, 10101, i is 0,.11 s and.i 2 .i.s 4. The

Symenr omesaivs SoPuE: Grtas Tim et SVASPEOpE Safien e U ERAL L to the

Bimbﬁr FHorimatgext Bat cléthkaccéss ke h]dloicﬂt e»cfud:atHOth&c(ajéMe Zlabs|< the piMsl. | f (at
ock 1 L i,s ual to M2, then contro rocee 0 oc 08 to accept

Phe sur daey g, EgopebCatit i iah FepK, SonBEOSE S idd A

synchroni zati on mark, otherw se, control proceeds to block 128 to consider
t he next__possj.bl.e synchroni zation .mark i he 1 B JUL 2006, MO 03/ 056557
PCT/ EPO Flf?%%l%-loil?)%or 8&?%%‘1%% Ondgyg'golﬁ—'%nf?ﬁ%n% RS & i on mar k,

t he reachariker B8t bee Znemstatcess ahel mdkdae détdatad weoosdsifys thad bits
follow ng the_synchroni zati.on nark rise_a_bl ock of ta In addition to
synchror'ﬁ af:i°5ﬁ)é§§7n‘38p%,l?el%‘§/lﬁl(§1rr§ %ggpPgﬁﬁenﬁW% %?lazragcalgoglnerat ed into the
m ddl e efymibaila,t cergnchyohbatidrheagdsr 66t adat mot spimiened dad.a VA0 ke

synchroni zat.i y I S onj ' . _ eceded by a
Vo 't o tondredtacEn iR, Srat SRU UL ReERHLARAR E10 D o COTE MY e
| ocat i ofhofs, t kber doygatheonf dtticor easamkhesnigatipaveariaddi mustahagygf eguar ds

té avoi dabetagnaeeRapseRaada daiha LRingCLbah Nk LI Hdtans n! he

resynchroni zation nmar I's equivalent to approxi mately four bytes of
data. | fesfaineippdpnentaionfy &PrereryeRbEanAgR Fite Marppils

ResyncheghiizatbQl BBI kpRSotindisads rouehbgEeRSoF data. In one

embodiment using a 16/17 encoding rate, a 34-bit
- Resynchronization mark RS is used, such as RS =

1000000000100000000001000000000001. The RS symbol is given for
illustration purposes only, wherein other symbols may also be
used. However, with the described implementations, the
resynchronization mark 65 is unlikely to be mistaken for
encoded data. Therefore, depending on the encoding protocol,

the resynchronization mark is selected to avoid confusion with

actual data.

In oxrder to detect the resynchronization mark RS, the
following algorithm is used in conjunction with the RS
mentioned above located in between data éncoded with the same
16/17 code used with the synchronization operation (i.e;
wherein each codeword starts and ends with no more than three
zeros and three ones, where two patterns 101010101 and
010101010 are excluded and each codeword contains a peak 010).

FIG. 4 illustrates logic implemented in the read formatter 30
to detect the resynchronization (RS) code. The logic of FIG. 4
assumes a 34 bit resynchronization mark of
1000000000100000000001000000000001. With respect to FIG. 4,



1000000000100000000001000000000001. The RS synbol is given for 18 JuL 2006
illustration purposes only, wherein other synbols may al so be used.

However , V"i\TvBOS/E'é%séj/escri bed i npl enentations, the resynchrigzmet/iage mark 65
is unlikely to be m staken for encoded data. Therefore, depending on.the
encodi ng protocol, the resynchronization mark is selected to avoid
confusion with actual data. In ordel4to detect the resynchronization nmark
RS, the following algorithmis used in conjunction with the RS nentioned
above located in between data encoded with the sane 16/17 code used with

t he syn@hn@nbiabﬁ@hn©p@¢d@lQﬂk(%Ooeupomhéﬁéﬁhn@a%% ToEndridasar ts and ends

with no t ree zenos ones t &t £k ns
1010101 anﬁ Qgi0}%1510 are eygﬁggegagﬁdqeg%h cgﬁgagydvg%ﬁtalns a peak
010). FkBe dth| ibemrin the d@aqpuw@@ énputevedrkox helThe gdpdestarater 30 to

det ect r B3 cede e Ao R ymes a 34
bi t res%ﬁgﬁﬁg?ﬁfggg gﬂtzrgi of godoggoﬁﬁ;irgoo‘i‘oo%%oo%ooéo%oooooo 1. Wth

respect VEOtPrG(T4, rhad-JULr2006 Lonte 03108655 A PCOMERFECL #5868 the contr ol
beQ' ns .%tesghgﬁkoﬁQQa %ﬁ‘ éﬁ&%l”‘?m%ﬂ bB@b‘boé’b@fMooo/@MdlﬁddoQ ri, r2 ...

), where e Is a nary value for Jth itemin the recelved i nput
vect or. Ovﬁéol@@bheto1Q5t¢ﬁw%nﬁﬂhdie§19§k %O@bkﬁ@@ZﬁaTm%ﬂﬁ'f@ﬁ@anﬂesectlon of

the inpyblye¥RCLRE &io) whch'ﬂs’the numbe# 3¢ H1i 0N MBI jinl egcBONPar ed
with the resynchronization synbol (RS= 1000000000100000000001000-

0000000V EFLeH E’é@%r%?@{atmol(@ékbé%)‘ 298 Heln®i SR FEnas EarBefdeen t he

two,. WhiggBrhscthBetisdiertd ddeibacaki ens impeathectiact@y, that differ. if
(at block 206) the deternlned Fﬁgrl q di, st ance, bet ween the section of the
TEP &R

i nput vEotor- (1¥s:0) pad the resyma §1PReSYBROhchr oni zati on synbol
( RS=100Q8890603.000009AMINAAAGA000000)00SOTEI Ds i) then the

considered section of the input vector (ry, TYjui,...,Yja3) 1S
deemed (at block 208) to be the resynchronization symbol (RS)
within the vector being read. Otherwise, if (at block 206) the
Hamming distance is not zero, then an error vector E is
calculated (at block 210) as the exclusive or (XOR) of the
considered section of the input vector (xy, ryq,...,Typss) and

the resynchronization symbol (RS), resulting in the vector

(eor €1, .« :e33)

At block 212, the variable M is determined as the number of
bit values in the input vector (r;, XYya,....Tryuss) that are one.
The vector W is determined (at block 214) of (i,, i3, ....3p1),
such that i, is the offset into the considered section of the
input vector (r;, Ty, ...,Tsa3) of the kth value of oné. For
instance, for the vector 10101_, i, is 0, i, is 2, and i, is 4.
If (at block 216) ((iy, -i,) + 1) is M and if (at block 220) M
equals two, then control proceeds to block 208 to accept the
input vector as the resynchronization mark. If (at block 220)
M is not 2 and if (at block 222) M > 1, then in the (E)
vector, e, and e,, are set (at block 230) to 0 and ¢, 'is set to
1 for 1 < k < (M-2). If (at block 232) there is only one bit
location in the modified error E vector and the

resynchronization symbol (RS) where both are one, then control



consi dered section of the input vector (rj, r;+1, ... , rj+33) ﬁ 3@02@@1
(at block 208) to be the resynchronization synbol (RS) wthint &

bei ng read.wéohesssgrse, if (at block 206) the Hanming di sPERERIYHSG0t zer o,
then an error vector Eis calculated (at block 210) as the exclusive or

(XOR) of the considered section of t i nput vector (rj, rj+1,
rji +33) and the resynchronization symbolr (RS), resulting in the vect or
(eo, e1, . . . , e33) At block 212, the variable Mis determ ned as the

e eopBayn buB ol SO L HeahTOLR Lo aeog g gva [1 722 11t

such thafesyhch:?ohlﬂeaﬁicﬁﬁeéynmn tdtﬁeﬁraﬁusedejebls shsdreerfed Hat i nput vect or
j +33) h_val ueof for the

i . Far. ,

Verior Rynek, 228) ebioas g Sty pEOpESas BAE (g Hhost HAGES (T

-1 0) + Bhifs brapdinftiatrdtaiokeifpull vequat oy ine thian tworbhelidproceeds
to bl 208 t t.th t. t.h h t n k. If
(ot bl ockersert Rprethne Srial ok oBhER 88 S35 KRR R] O
vect or, naﬁtkande,(atJdestﬂcsZﬂtl)(a:ﬂ'lebhﬂa(lheQBﬁ)x) tioe W arsbteke '(dl,s set to 1 for

1 K 5.(M2 t bl k232 t.h I t th
m)zl fi e&(ler‘rzj‘r MEl)v %teofﬂegﬁa F’h% t?}ég;gﬁ t;ﬁc? ?ﬁltt ?g(ha géirbotflgcrgsl) O\r/]mlape bgt h

are onegconhenlcpndbceddd B Hlocdk02O8 WO 83¢&HHE 33 RO HFR2etI588torls
ds _t I t gh t
procecdgql gn0 Qgéy%@ﬁré&%&% ﬁ\[tat_lg, BRHLYEAL O, @gfcfbéie protRLashEgni zation

synbol . herw s ncrene ne and control
proceedblbakk%& b@o@m’l&@en d'-hesmeﬁqt peesible ttreyneduiopddaitapnt maekt or by

one - bit ;40.pANsLAE ved hﬁuﬂﬁ?(tve%%‘?r' b&@ gé?t rﬁ:yoéwuzlé;l tma{% the) +

resynchroni zation mark. f (at block the values in e Wvect or (io,
i1, ... 1) is|pokrM FRfrbeF s(ast ktlr?ékséﬂ8lo(lm ~32) 33)M ¢ 59
pr OceedﬁrB@eQJiQCKo 2080410 PR eRIchleheisenstaet el Wdcdleds to block

228 to increment 7 and consider the next possible

resynchronization mark in the received input vector (ry,, x;,

S |

FIG. 5 illustrates how the synchronization detector 28 and
decoder 12 implement bit synchronization and resynchronization
in accordance with implementations of the invention. The logic
begins at block 300 where the decoder 12 recelves an encoded
sequence of bits from the tape medium 8. The synchronizgtion
detecktor 28 will seek to detect (at block 302) the VFO pattern
in the encoded sequence of bits. Once the VFO is detected the
synchronization detector 28 executes the logic of FIG. 3 to
detect the synchronization mark S (at block 304). By
identifying the sYnchronization mark (8) to correctly identify
the beginning of the user data. Whiie the decoder 12 is
reading the data (at block 306), the decoder 12 seeks to
.identify any resynchronization marks (RS) to verify the data
is being read correctly. The decoder 12 would executelthe
logic of FIG. 4 (at block 308) to identify the ; ;
resynchronization (RS) pattern and test whether the-décoder 12

ig interpreting the data properly.



as the resynchronization mark. Qtherw se, control proceeds to 108 ggk2RE8 to
consi der the next possible resynchronization mark .in the received input
vector. if (abadlsgsk 216) ( (i M1 -io) + 1) is not M angcirfEp(rtssdsl ock
218) (iM.1 -1 03 IS M then control proceeds to bl ock 230, otherw se,
control proceeds to block 228 to increnent j and consi der the next
possi bl e resynchronization mark in Lhe-received input vector (r0, rl,
r2....) FIG 5 illustrates how the synchroni zation detector 28 and decoder
12 inplement bit synchronization and resynchroni zation in accordance wth
i npl ereAddit beisabfImheenentafiiomn Detpélsogi ¢ begins at bl ock 300 where the
decoder 12 receives an encoded sequence of bits fromthe tape nedi um 8.
The synchroni zation detector 28 will seek to detect (at block 302) the VFO
pat t er nThe ptétewrad cabatinanicemsy bt srolyrentiadk agre methetlect ed t he

synchrogjzat] ! e | 08l 5y Wfeakk@radpkograahess the
synchro%Fé%%%%%sgg%%ﬁggfg%géﬁigﬁﬂggigﬁaéi iég%tﬁ?yinéjt e grnchgﬁiization
e

mar k ( Spndéox cprgimesrinefiechpiqupe begPFefiRe cofthieriself 1gBYarewhil e t he

decoder pi2aksre I 6391 01, tdnshalat 168t thbpeks 30Ms tdien degedeleldfseeks to
identify an%/?héesynchroni zation marks (RS) to verify the data is being read

| ! (
cor r ect Mpnuipetgee'ods wEedhdigteioxseteest iR S99 JP9EFG 4 (at bl ock 308)

to i demifn%i’eﬁlgﬁted o5y YRR A tliogh c( IRS) g PAt 4 rihtRdaitest cwpetber the
decoder 1 Is Interpreting._the data gr oper | L. 2006 WO 03/ 056557
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PCT/ EPOghimpeBield Ry ogxsdiialfa Catfpfehdtit &?g%z}‘? ’D@tpé’ilfll§a & preferred
embodi mepEsi Ry heddRlwrendiaduds aaBRthpdetc Appar at usmputarticle of
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"articl aigk drives, floppy disks, tape, etc.), optical storage (CD-
ROMs, optical disks, etc.), volatile and non-volatile memory
devices (e.g:, EEPROMs, ROMs, PROMs, RAMs, DRAMs, SRAMS,
firmware, programmable logic, etc.). Code in the computer
readable medium igs accessed and executed by a processor. The
éode in which preferred embodiments are implemented may
further be accessible through a transmission media or from a
file server over a network. In such cases, the article of
manufacture in which the code is implemented may comprise a
transmission media, such as a network transmission line,
wireless transmission media, signals propagating through
space, radio waves, infrared signals, etc. Of course, those
‘skilled in the art will recognize that many modifications may
be made to this configuration without depgrting from the scope
of the present invention, and that the article of manufacture

may comprise any information bearing medium known in the art.

The described implementations provide a technique for
.transferring data to a tape drive. The above described logic
may be used with other input/output (I/0) devices or other
storage devices, e.g., optical tape, magnetic tape, magnetic

diSk/ etc.



manuf acture" as used herein refers to code or logic inplemendddjyl 2006

iI'n. hardware logic (e.g., an integrated circuit chip, Field Progranmable
Gate Array wWoBsaspss7Appl i cation Specific Integrated C rcuPCTEREBF63 etc.)
or a conputer readable nedium (e.g., nagnetic storage nmedium (e.g., hard
di sk drives, floppy disks, tape, etc %,_optical storage (CD- ROVs, opti cal
di sks, etc.), volatile and non-volatile nenory devices (e.g:, EEPROV, :
ROMs, PROVsE, RAMS, DRAMs, SRAMs, firmwnare, programmable logic, etc.). Code
in the conputée [ | i | CCHSS e ‘ essor.
The codB ev%ﬁscﬁﬁ%%g)éﬁngﬁg%E?%@ht S aﬁﬁfgﬁﬁgggg%aﬁéﬁer be
accessi bhewt Hraosegh an tama BPR4S syshemedia artdunahize fimpdepentatiover a
network,, I n_such, . cases, .t ridgle-o Ur &0l [ i,he code is

i mpl erreﬁ?%aai%cﬂfnct 5 S8 25% roggg!rlng%s\;%n@rre |e§,cgglu%ﬁ4asaﬂ§ %*e}ﬁ/%ork

t ransni sgsoemd iueing wheelsese teahshdssioh iveditd fydingnalksopr opagat i ng

t hrough__space,. radi Q ve e 'gﬁg] . -hose

ski | | ed®f ?$é?%ﬁ% %ﬁﬁqN%Peigﬁn?%éf%ﬁ%%%%any Eghﬁ%%cgg%gﬁggﬁgﬁat e made to
t hi s coahd gressnahronitZeaddondepakei ng fromthe scope of the present

I nvention, and that the article of manufacture nmay conprise any

i nformati on bearing medi um known in the art. The descri bed inpl enmentations
provi deln thesspribdest implenehsntieons dadsFarsbet APPLERPREALIPRS above

descri beds[,Q0d Gnd@de Wagdetbbhedt ifind RALU/EULPUbLAE! £O) wieviies or ot her
storage devi ces, e.g., optical tape, magnetic tape, nagnetlc di sk, etc. 1

p !
8 JUL 268eh W EEbssarpeTARA0opdaseEtl 1oy more theng SRR pegros

| | emegiatitiee tdiRdr Gheieedws! R E&HS MWRI0a 019h0wAdbasedo Dot @rafPRA
system In alternative_inplenentations, theéﬁéggrlthns can.be_nodified to
be usedS¥PLyster AR PSR4 COFSPRRE GRRIRIIhE £7E LEChHRFUBSSR: i Henti fyi ng

error alternative embodiments, the synchronization and

| resynchronization methods described in the present invention
can be applied to other encoding schemes and at different m/n
rates of encoding. Still further, other symbols may be used
for the synchronization (S’) and resynchronization (RS)

symbols than those values described herein.

The logic described in FIGS. 3, 4, and 5 described specific
operations as occurring in a particular order. In alternative
implementations, certain of the logic operations may be
performed in a different order, modified or removed and still
implement preferred embodiments of the present invention.
Morever, steps may be added to the above described logic and

still conform to implementations of the invention.

The foregoing description of the preferred embodiments of the
invention has been presented for the purposes of illustration
and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed. Many .
modifications and variations are possible in light of the
above teaching. It is intended that the scope of the invention
be limited not by this detailed description, but rather by the

claime appended hereto. The above specification, examples and



propagation next to the isol ated peaks of the synchronization a”ﬂBdULZWB
resynchroni zation marks. In the described inplenmentations, describe

i'mpl enent afyidgg gwag$suned t hat data was encoded using as 1p¢i/Eroadsssf or

whi ch each codeword starts and ends with no nore than three zeros and
three ones, where two patterns 101010101 and 010101010 are excluded and
each codeword contains a peak 010 wad8used. in alternative enbodi nents,

t he synchroni zati on and resynchroni zati on nethods described in the present
invention can be applied _to other encoding schemes and at different mn
rates oflaEmdirgle & iqamlatehdescsinrEionyphdihe mapUFactvEl ardruse
SynChr08E2€ﬁé(HbﬁﬁiéléﬁB%.Eﬁ?%ﬂ&h&ﬂ@bﬁ@ibﬂn éfﬁ@e mﬁhﬁb%hﬁoHBﬁQnEQQ§€ val ues
descri bed herein.” The | ogic described in , and 5 descri bed

speci f i Ehe garentiss g&mﬁ%ylthoatpéwamr@r ficgeithe) ppdritrnati ve

i mpl emeghatd Qe &ferttl@ R Rferith®nl, 08he %@é@@i&f‘%é@@)&e@emp%éor med in a

different order, nodified or renoved and still i npl ement. preferred

embodi nekt g thenainafdamneoRapeeti-on. Mrever, steps may be added to the
above described logic and still conformto inplenmentations of the

i nvention. The foregoing description of the preferred enbodi nents of the

i nvention has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limt the invention

to the precise formdisclosed. Many nodifications and variations are
possible in light of the above teaching. It is intended that the scope of
the invention be limted not by this detail ed description, but rather by
the clainms appended hereto. The above specification, exanples and 1 8 JUL
2006 WO 03/ 056557 PCT/ EP02/ 14563 - 18 data provide a conplete description
of the manufacture and use of the conposition of the invention. Since many
enbodi nent s of



the invention can be nade without departing fromthe spirit and sddp#)lof006
the invention, the invention resides in the clains hereinafter appended. 1
8 JUL 2006 -19- CLAIMS 1. A binary dard9§trean1conprising a unique bit
shift tolerant synchronization mark pattern for marking the beginning of a
bl ock of encoded binary data wherein: GddMécodi ng of the data is effected
with an RLL 16/ 17 rate, wherein each codeword contains a peak 010, starts

ane—emds; Wi th BenARKE dhhan sthfeet znes idithd i emiones it sloest noplerant
contain the two patterns 101010101 and 010101010; and the synchnoniza%ion
mark conpyhsbsonheabiipnpandef n PAEIFIUL0GOE10TBbEANT 2 thte N5gia  Adat 8T 2@

stream of ,claim.1, def,ini u r Lgye bit shift tol erant
resynchr%ﬁ?fgtPgnéﬁﬁPEega ?8%ﬁ§ @%E%rwggESgH'
10000000001000000060IHORH0QF000RE alut st dsedefffeciaxhswishceami Riiln K6 hLdck
of data. 3. A storage mediumw th a recorded binary data streamin

accor dangat@i t Whersim £36h ZOBWORKGE GG e diSitt of L 1 af T5ES WAt eSPHE
medi Um i & @t a6 8 b ctised LAr8cUalarsd OlAGe EUFLEM ofies A IRt NAGEOMnot

detecting synchroni zati on marks according to claiml in order to start a
byt e cl ocknteinsyhehtwoni pahgeropeiiPdAsOni ehin040dat8l8eqatficer of a data
st orage syste 6. The net hod of claim further npri.sing,t:he s

det ecti ng resghéhrO%YQ%?{%%lﬁ%}k%nac€§F~|ngc?gp%F3§%12 %@%oré%& t%gggg%?y
that a bheglkoebodataibsoread correctly. 7. The method of claim5 or 6,
wherein the synchroni zation marks or resynchronisation marks are detected
using a hammng distance. [ R .LIBCC] 0513 6. doc: gmm

2. The binary data stream of claim 1, defining a further
unique bit shift tolerant resynchronization mark pattern
comprising 1000000000100000000001000000000001 and stored at

least once within a block of data.

3. A storage medium with a recorded binary data stream in

accordance with claim 1 or 2.

4. The storage medium of claim 3, where the medium is a tape

to be used in a data storage system.

5. A method for detecting synchronization marks according to
claim 1 in order to start a byte clock for synchronizing

operations within a data sequencer of a data storage system.

6. The method of c¢laim 5, further comprising the step of
detecting resynchronization marks according to claim 2 in order

to verify that a block of data is read correctly.
7. The method of claim 5 or 6, wherein the synchronization

marks or resynchronisation marks are detected using a hamming

distance.

[RALIBCC]05136.doc:gmm



1 8 JUL 2006 -20 8. A conputer program | oadable into the interndl§ pgney of
a digital conputer system and conprising software code portions for
perform ng the method according to any-@Re of the clains 5 to 7 when said
programis run on said conputer. 9. A conputer program product conprising a
conmput ergusabj e corpdicei gitRtm gl PaQab ban LAsHr utid ohst exexlit abierpy o a
conputer, said enbodied programinstructions, conprising neans to_ inplenent
the net h@toatebr dlAPUtEangyEheMofaltche CEMBFAS 159t L EWRF © ACRSEa %?%?]a%lés

system ¢ gprhék@grhgghcﬂﬂé {150d NaBcS¥AEng 98REIAROToAOT oEheher @A Gy of a
bi nary streamaccording to claim 1 or 2. 1%. The data storage system of

cl ai m 10t sonpwhehngafdt ppegdanves wherennsahed dompuyedata streamis witten
to a tape in the tape drive. 12. The data storage system of claim 11,
where the synchronization mark is concatenated with a VFO pattern. 13. A

data stogage gy%ﬁ,@ﬁ%%priﬁ@fanwiﬁo@d&ui E%m'?gia%ﬁzgnca 8686t OF -usable

i npl enenting the according to claim he data storage system
of cl ai MmdadiwnmembsidydnbogimogmEn cinssriuat toneagxeorhabler Hynp eRRMRUHRL t he
met hod accordin

to.claim6 or, 7. 15. .The data _star S o] i 3
or 14 cofiptfsP ogiedp BT oA TAREHE SHTE =i FTARY §f§9§T¥%§%S¥% %%éi§W€%%1a
tape in the mteanR8adat¥8rdl g\ tbl BoX] 6hé 36f dore g8 ims 5 to 7.

10. A data storage system comprising logic circuits in a sync
generator for the creation of a binary stream according to claim

1l or 2.

11. The data storage system of claim 10 comprising a tape drive
wherein the binary data stream is written to a tape in the tape

drive.

12. The data storage system of claim 11, where the

synchronization mark is concatenated with a VFO pattern.

13. A& data storage system comprising logic circuits in a synch

detector implementing the method according to claim 5.

14. The data storage system of claim 13 comprising logic

circuits in a read formatter implementing the method according

to claim 6 or 7.
15. The data storage system of claim 13 or 14 comprising a tape

drive, where the binary data stream is read from a tape in the

tape drive.

[RALIBCC]05136.doc:gmm



