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of the Invention The pres®n Snfeft '\F/oﬁ FelaPe¥ to a nethod, system and
program for synchronization and resynchroni zation of a data stream 2.
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Apparatus for Encoding Data to Guarantee Isolated Transitions

in a Magnetic Recording System”, having attorney docket no.
TUC920010037US1, which patent application was filed on the
same date herewith and is incorporated herein by reference in

its entirety.
BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a method, system,- and program

for synchronization and resynchronization of a data stream.

2. Description.of the Related Art

In data recording systems, a data drive writes positive and
negative Mflux transitions” to a storage medium using encoding
schemes known in the art, and a decoder is used to read back
the encoded data stored on the storage medium. A “one” bit
(*1") 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 is 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
(“Wariable Frequency Oscillator) pattern at a speéific
location (a header) and a particular known transition
frequency to synchronize a read clock (such as a phase locked

loop (“*PLL”)) to the codeword bit freguency. The VFO pattern



WO 03/ 056557 PCT/ EP02/ 14563 2 nmay conprise repetitive codeword pattern,
such as a sequence of "10" or 2T bits, but which is identifiable because
of its |woaBiossssin a header. A known synchroni zati on mar lPCTEPat/$4563
provi ded between the VFO pattern and any encoded data to allow, the
decoder to align to the codeword bo#gdaries and to the start |ocation of
the inconmng data. If the PLL does rfot” achi eve conpl ete phase lock, or if
the decoder does not align to the codeword boundaries on the inconi ng
data, _then the, decoder eto succes§f$élg decode i ncom ng
e
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set OiBin a header for _a groupi ng of codeword groups.

When
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al i gnnent _to codeword_ boundaries is_not own. Accordingly, the decoder

L kn
will hBE Becedee £ akigRessf thrycadeardtheuerebed aatatintees or until

sone stHEthescsyionfbel enbsigneRUNGesges . such as the next sync or
resynchroni zation. Such a failure to decode conprises infinite error

propagation, which is a catastrophic type of failure. Even though the

locatiencpl phe ¥EQ PRbEeLAnaBdet BEnpByAehsRRLZai boRr, MBEkK; Ar enknown,
m sdetection of one or nore bits in the synchronization mark may prevent

r ecogAFEPSRT ofloes heosyathgBnE2athencedekor Yy paendaptopepPrr BR®gni ti on of the

synchiabedi o ER! kenihecfla! acdeheetprivihbengt beyénesynch with the

recorded data and wi not recogni ze the . Iin the prior art, data

er r or Sugaresafigl b séecede njnepndng eoeededi dytzodesilsken vedes al |l ow
detecé&ﬂth@ﬁifQEi@ﬁtkmgyﬂé”) or resynchronization (“resync”)

pattern is encountered, usually in the header 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 position (e.g., due to a defect), the
exact bit position and alignment to codeword boundaries is not
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, misdétection 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 errof
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.



many data recording errors. However, errors in the VFO or synchronizing
patterns may result in mssing detection of the synchronization mark or
det ect i ngwptosiosssshe wr ong pl ace. WO 03/ 056557 PCT/ EP02/ 14P63/EP02/B4563
Therefore, the data detection nmay begin with reading data before or after
the data really starts. If the start of data is not determ ned via
detection of the synchronization “nar k, all data between one

synchroni zati on mark and a subsequent synchronization mark which is

detect ed successf ul wll be | ost., Thi s hav rophi c effect,
rendjélil?ﬁ%?%%’l g5 %%fea e(#?tb?cﬁn?? ety r%e%lo%ev‘gf%qr' oﬁ%%?ﬁ?\%acﬁ%% data. In the
compatyrasst etk S IRat &nta Noea D1 9% Atk . ar frethwdstart dbSodlased based on
usi ng an encoded syn(ghroni%ati on, mar k oncat enat ed. wi t hor"i‘ IR/‘_jlfr pattern
wher &% M@ h el RIGHARPT SV HBheZ 5t PP Tmer ke | LR 22 RS Hi Farmi ng

di st angeqd FHMe tiiee Oneat eRpatBEVER  0on tiverioub@ra ofubséguémt t he fi xed
plurality of bits. However, in certain applications,_ such, an Enhanced
Part$wcéé%b?%@%ﬁﬁaﬁ<(@m§l RV R Pt HLCHRST ﬁam&%i‘stance
Measyy SEENS; ANy assv el 4 e6LENSLr HOLALSEE BEEO) Sréeaeri0g PLopBgas e bet ween
peaks. Thus, there is a need in the arf to provide nore sophisticated

synchrentreet PP LRl F Ry nePreni PERFORE Hid hotR €3tFeduce errors in data
encodi ng systens. SUMVARY OF THE PREFERRED EMBCDI MENTS Provided is a

met hod, system and programfor achieving synchronization in_a, binary data
st r em the hromrankiatas stgeath UPsPrbert . I $9hchtbni 2 a088°%et® havi ng at
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stream encoded data streamis formed by concatenating the
synchenedzendiord mak i v t iF@ hea F eetr videe e Har Yl a#RCOBEFi ng

synchronization mark is set at a maximum Hamming distance from
the concatenated VFO for the number of bits in the fixed
plurality of bits. However, in certain applications, such as
an Enhanced Partial Response Type 4 (EPR4) waveform, the
maximum Hamming distance measurements are less effective

because errors tend to propagate between peaks.

Thus, there is a need in the art to provide more sophisticated

synchronization and resynchronization methods to reduce erroxrs

in data encoding systems.
SUMMARY OF THE PREFERRED EMBODIMENTS

Provided is 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.



decodi ng, the synchronization mark is detected based on error propagation
occurring adjacent to the at |east one isolated peak of the
synchr oniwetmosessar k. WO 03/ 056557 PCT/ EP02/ 14563 4 | n {POTtEPO2/14563
i npl ement ati ons, the received binary data streamis concatenated wth at
| east one resynchroni zati on mark, erein the at |east one
resynchroni zation mark is located iri the niddle of the received binary data
stream and the resynchronization nmark and the encoded binary data are
differeg. he r.esynchrqni zation

P

rk is .detect.ed .t i f the
decodith ST BE RS Y or ecﬁefeﬁvﬁecgfoﬁqar ur éﬁ:(raar “éi%rjr}p errelﬁJ’;ati ons,
a datyrresdden e Wikt awedeiaad digaresydatia stireamdrs rendadedieateian encoded
rate of mn and the resynchroni.zation mark conprises a .fixed plurality of
bi t s. uidtal &GRSk @%F@?ymcqiwm 5 r’fngﬁcéﬁe‘f’ﬂel%é:glcer i bed
i npl enEM 1Al NS HY dda vad eshiimueldin ke arddmrteved decodi ng of data

by |l ocating synchroni zati on and _resynchyojzation rks in the data stream
to ir?@%%}%l%?etﬂém iwlbfaff%et%te&l%iﬁci 081 % [%trae@e‘ﬁed bi nary data
streameBRIER DESCRI PTI ON OF THE DRAW NGS Referring now to the draw ngs in
which 1 ke reference nunbers ‘represent corresponding parts throughout:

FIG 1 illustrates an architecture of conponents in a tape drive to encode

and decode. Aat @ idh Wi Gl ASRaat S Pfade tddvantian ff erdplwmrented; FIG 2
illustrates the recording or channel format of encoded data sets enploying
t he Sawhton RPN rRSHRHEhi ST 1¥ar ks in accordance with

i npl enentations of the invention; and

In 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 technigue 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



WO 03/ 056557 PCT/ EP02/14563 5 FIG 3 illustrates logic to detect a
synchroni zation mark in a data streamin accordance with inplenentations
of the iwomws@n] FIG 4 illustrates logic to detect a r@SymPaz/otsszati on
mark in accordance with inplenentations of the invention; and FIG 5
illustrates logic to utilize the Iog#c of FIGs. 3 and 4 when decoding data
i n accordance with inplenentations the invention. DETAILED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS In the foll owi ng description, reference is

made to the ,acconpanyi ng drawi ngs which forma part hereof and. which

Gl UEtFat %@@%?ggaﬁ%ﬁoﬂ?%%%tgod%eFﬂ%tp?e%%%?h¥$h%ﬁﬁ?%ﬁﬁ m?g$sl%ﬁ%erstood
that @ibersenbgdi IRNLEcHBJalee Urith zetpdadensit Ushsiref e operati onal
changes may,K be made wi thout departing fromthe scope of the present

i nventPBRRtEPE 1 illustrates a t ape storage environnent in which aspects
of the invention are inplenented. A host system2 is in comunication with

a tape drive 4. The tape_drive 4 may be a conponent within the hpst system
2 encfBRurt d+lusEHFRVESW o @ t@ dapecti draesyerhrapzaetdRrMefati®he host

fSYSt%&r&%&%&%ehﬁ‘iérﬁbﬁﬂﬂi&w%Wﬂfe(Dﬁ&eﬁ@%} .arl@e tape dri ve 4
i ncl udes 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

dri VeFwagtflf@Q@ré@esEt'@giép@o da%_yfizé fuetDegid net usesSs a sleggder 12 to

decode data stored on the "tape nmedium8 to return to the host system2. A
cont réi¢rerdedodigng hilata hin t apecBianes AvHER vEso benen tahbems 18 afee r eadhead
18 tgﬁgﬁﬁggéﬂ1wwite and read operations, respectively, with respect to
encode ata on the tape nedium 8 in a manner known

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following description, reference is made to the
accompanying drawings which form a part hereof and which
“illustrate several embodiments of the present 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 environment 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
A4 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



in the art. The encoder 6 and decoder 12 may be inplenented as WO 03/ 056557
PCT/ EPO2/ 14563 6 separate hardware conponents external to the controller
14 or inpbesestsed within | ogic executed by the control | ePCIZEPOY/NM563
alternative inplenentations, the encoder and decoder may be inplenmented in
ot her types of storage devices, such as a hard disk drive, optical disk
drive or other device for reading‘aﬁd‘ witing data to a non-vol atile
storage nedium In the described inplenentations, the tape nmedium 8

conprises a magnetic tape (e.qg., Linear Tape Open, Travan, etc.) or
di gi t3FPIEH HHEIWRTS HIRRPAF &t | PESTHIRL iRt ddi qﬂ%%% Js‘-kr%fam in the

form pfpfdikntd@ns thONSiod - thedare MditB &ogha-dietdd ene, data fromthe
tape nmedium 8, the readhead 18 'reads the encoded data fromthe tape

nmedi um 8, which is then decoded by decoder 12, which provides the output
bi nary, daf@e t:on £ Bl fhngd PorhdifeatiQ®is 2. tHd d ¥ Uiy Wb SR w0 not

exceed the error- correcting capability of the codes used for
synchisnienanierr ndErenrivint ral stdads mevima pudatas & datiche decoder

12 i inci de, wi . Bl naray t d rtain
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asynofirigniows . datausto thenatateo styidams inmpge eedisay dwariie nust provi de the

cl ockj : Sﬁﬁy] h ac%gﬁéa dy.d nterpret the

trang{glgcofr}gg%? the éng?rgéréetgl% aét'aets%eet t g“e%%d%‘? B?L%!J#g)?/}ld@eécéo%te t he channel

out putagrgtia thee dezaler Lihdarc|Tades aPhasyradwmwk ledgp )(RIEL) 20 circuit.

d OCiﬂ"bgit.{(a{:lﬁléj% re appended to the encoded data fields to allow the PLL
c 00 %

Phase PLL) 20 to achieve phase-lock before entering encoded
data fields, which require the PLL's clock to be successfully read.

The writehead 16 writes the encoded binary bit stream, in the
form of flux transitions, 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 implementations, 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.

A 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



Awite formatter 22 adds headers having clocking information to each data
set. For exanple, wite formatter 22 operates the encoder 6, a sync

gener at orwbd3anessmul ti pl exor (MUX) 26 to WO 03/ 056557 PCTPERPOPVY4B68 - 7
arrange the encoded data, sync signals, etc., in a desired format. The
clocking information may then be utilized by the readhead 16 to identify
the position of each of the transitions in the encoded data and supply
that information to, the decoder 12 for decoding the encoded data. The
output signal patterns_ fromthe readhead 18 are al so supplied.to a sync

det ecaBra e vifhe PR eRd SJa e SHRNro S orfifat t eh? i9FS 14 bi nary dat a
read £romt heptane SEei AN Bn £ Raptk £ MRl eFhd0 balsesi DeieTted the

synchroni zati on marks to determ ne which of the decoder output is data.
FI G peadhemd rbf esot hderiekby dity) RS EHOMPE RGO DItRPIcoded data sets

enpl oy g, ey NERT 0L 28he SRle @b ELAUNENB QR FRL IO 1REKsnd 1 G o6 dance
wi th rnplenentations of the Invention. Each data set is separated by a data
set separdtordenrlyaposdecahing tiiee drerded réror dethdywEitgnetic tape
drive,.th ' ypl. cal C » | BG dnd 25K ©98ps The gap is
sorretlg%’r%réaejf g??%%%ﬁl%y%g@a%{%b%éﬁg%%@u%%yﬁc%czig)IIT at ol.f%l%iVFO) area, 52, which
i s utsiheedetyctdre 28tputckhdapettPLihe syrchpeiial OB WRIFSMZel® he dat a

frequency, 1o that_ o V ) . Lecor di pve 10
my ofRr e WaPr o pEinn TER rapk RALETH U F O O0e 30
di r ectiben, detdetred osenclausihgachamgesria thedefoeamirequehdy, onied nust be
detergi ned by the 1EL;IL_SZ a@% detecting the VFO area frequency. The VFO area
52 i sSERRRT15C P owed y the encoded data 53-55 quadrants, and, in tape
drives that may nove forward or backwards, such as nmagnetic tape, a

backm§£8§ %ngfﬁg rggés the recording or channel format of encoded
data sets emploving 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 (VFO)
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 ﬁove forward or

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

In the described implementations, a grouping 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
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



In the described inplenentations, a grouping of codeword groups, or
codeword quad 54, is expanded and shown in greater detail in FIG 2. Each
codewor d woad/05¢56T udes a header with a | eadi ng VFO patt ePcTEPIANMICR
synchroni zation 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 qudd- adjacent to the WD 03/ 056557

PCT/ EPO2/ 14563 8 next VFO pattern. Each of the codeword groups 62-63 may
be of any suitable |en is also preferable that the VFO pattern 60

be erfe®¥iht BFQdPaetsFe- tlg@cl%wl%htﬂaﬁu%ﬁﬁvmr%n@tms b T St ated
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boundard eshe Beoauseyridieronization mark 61 may be concatenated in a

sequential string.

a

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 provides 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 to a VFO pattern (as
opposed to a resynchronization mark whicﬁ is not), the
synchronization mark is readily detected following the VFO
pattern. The location of the synchronization 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
"data" before or after the data actually starts. This would

cause the decoder 12 to operate out of synchronization,



synchroni zation mark i s always adjacent to a VFO pattern (as opposed to a
resynchroni zati on mark which is not), the synchronization mark is readily
det ect ed WoloBo®dsay the VFO pattern. The |ocation of the Pgm@Povniseati on
mark largely elimnates any concern that it will be seen in encoded data.
Errors in the VFO and/or synchronizing patterns may result in finding the
synchroni zing pattern in the wong fl ace; with the consequence that the
recordi ng read channel begins supplying "data" before or after the data
actually starts. This would cause t he decoder 12 to operate out of
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the sypbd&d. "slad rlfdjpr'@é@hﬂgln eﬂ?dﬁ-&a Q- SFIBlg OGFI NG d Ny dat a
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si gnadrrcamﬂuslu,deieambmmﬁ gfotreangfadrtdmmet i on for a length of the
track on which the data is recorded. In the described inplenentations, an
error detection algorithm based on runs of consecutive errors between
peakAroftleer symoir ard z&ta oromarteadrss idiisol asedinshi todo woldvdlyprisv ez he

strong signal when read, and therefore does not meet a minimum
detection threshold of 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 against the most likely type
of error propagation found in decoding EPﬁ4 (“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 implementations, the synchronization symbol is

appended to the VFO to obtain:



errors di scussed above. The al gorithmaccording to the described

i npl ementations utilizes a synchronization mark consisting of isolated
peaks. | swbasesbspraks are used because the peaks act as mammrat/14563ri ers
against the nost likely type of error propagation found in decodi ng EPR4
("Extended Partial Response") type of waveforns. In one inplenentation
using a 16/17 encoding rate, a 17-%Pt“synchronization synbol S may be
used, such as S = 01000100001010001, which is appended to the VFO

Al ternative synchronization synbols na nerated into the data stream

be ge
Gener ati ng synchronizatﬁ%hzéﬁ@&ﬂQ9Q¥%8hﬁ§Q% Okhe data in the data stream

enabl gethgsdeenderitdrt ewdebeets (10§ 891 8t alc WAL £82871 8nderOUyAG, begins in
the data stream In certain inplenentations, the synchronization synbol is
appen@8UeRbeeRePYFD t snebeafnef WP 03208 658 Pdsd EPD2Fha 5680, -whipchs =

100100010Q0940910001¢ o Begauspribheihi £Sic i 0 Obhs £402 of 15 +R{g ghieady in
the VFO, “seventeen bits, instead of 19, are appended to the VFQ "which is
equi vehenprepagabieytesaknia egplgicedeteatecorparabesthay,’ the

propa99ﬁ' } egiﬁg' e i n i i onesymnbol
into a p?%%%gg?%g%é%ea . %%eg3% d%q%?éﬁ%%%£§3%c ?%%igg%?gﬁgg%%bgf (S') can
be geleeatwdchronarzeiomt symbahnhers. cafitlee Sndépstddeindet ermi ned, the

data 5 hectocal d.rgafd.pesause the daba. begi nsqf ol owsng, t he
.é? % e %% a na | SO be

synchroni zat1 on mar n addrtron, since t y a read in the
reversan dpe etotanedt died syaediroadzat¢ ophendktd sbealse fetbrdenyi bheéhe

eynor S SE I LAy LR e R o2 B e (R e B o, and
the »yadhiwnilkzatievense kdiseunl dkel yhe ospecheonynzion umatk ihe
also recorded in the reverse direction after 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 “1ls” 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

ratterns as such.

In 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



full pattern is actually encountered. Thus, if a valid synchronization

mark is encountered before encoded data is, it wll likely be recognized
in the cowpasiwsdsstati on. Conmon errors occurring in the VPOT&PpZnLesl
synchroni zation S involve bursts with an even nunber of "1s" between

peaks. In addition, an error pattern of type "101" around a peak is also
common. Possi ble error patterns tﬁa@lnﬁy occur are: 1111000000000000000
0000000001111000000 0000011000000011110 0010100000000000000 Thus, in
accordaice g@th t he present invention %hg decoder 12 shoul d be_capabl e of
r ecoghfzRh§%t RECED HpglﬁéEaPFiﬁﬁt%F?% ¥atherndndstebRRatyR £RE

descr zheddiAgl eaeAt abi OisrahbecbiBaI N84 BRahE eELbNEdinbY Thendeseder 12

i ncludes the VFO field 101010 foll owed by the synchronization mark, and

t hen B§CPRelRdt 8YeheBdedRa¥ing attavrey dackebone; THER2@81eP27Vale code

di50'Qﬁ@dwhﬂchh§a¥€h9?égé@@éZtE@HVﬁggziﬂéé oratdd hésbahed, patent

application entitled thod and Apparatus for Encoding Data to Guarantee
| sol aFedeTerfsi LRohssi AnhinaEHetPeve Revrurhy Spcheppdetiard ngtarEsr ney

dockebnBO0endYS2OA1A034LBL AR VALLD PalEBt-RBPLLEALT GRoYAS,LOEQT pPOr at ed

herein by reference inits entlretélabove, wherei n each codeword starts
and ebds nREherBsmbPE0LAAALt Andel2et0E0bhdarareschnded p@reackwo patterns

101019&8éw89§eQ%ﬂ%Q%ﬂéoaaﬁéaﬁxﬁi@@fﬁ%a@%cgaéhth&QE?%@Fﬂa&@P& 'Pstﬁﬁpeak

010. To enco e EPR4 waveform _binary streamis precoded
mul t i pipany sheepinndgyprsecedadbhy multirelping (Wherkimiyg stdedmybvper at or)

and t0p; cgnyp) Vierts DLNAI Yo by AT ML 1a0h (1R cb 0P ALY the EPRA
the binary stream with (1-D) (1+D?) to obtain the EPR4 waveform
in a manner known in the art. To decode the EPR4 waveform, a
Viterbi decoding algorithm is applied to a possibly noisy
version of the waveform, and the result of the Viterbi
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
(re, Ti, ¥y, ...). 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 (r,, ¥y, ¥y, ...), where
each r; is a binary value for the jth item in the received
input vector. The synch detector 28 initializes (at block 102)
7 to zero. A considered section of the iﬁput vector (rj,
Ti41s - -,F518) is 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 considered section of
the input vector (rj, Tju,-...,rj.s) and the synchronization
symbol (S’ = 1001000100001010001) is less than or equal to
two, then the considered section of the input vector (z,,

Ti41s -+ + s Tie18) 18 deemed (at block 108) to be the



in a manner known in the art. To decode the EPR4 waveform a Viterbi
decoding algorithmis applied to a possibly noisy version of the waveform
and the rweuwBws@s7the Viterbi algorithmis postcoded by eomEPOYiI4363t he
result of the algorithmwith 1 e D. FIG 3 illustrates |ogic inplenented
in the synch detector 28 to detect_a synchronization mark in the received
bi nary vector (rO, rl, r2, ...) 7 {4 descri bed i npl enentations, the
synchroni zati on mark incl udes at | east one peak, such as a "010". Wth
respect to FIG 3, control |ns at. bl ock 100 pon receiving an input -
bi nar JYRERFORLERBIOR 15RO W Lyhinhghe reaghved %n%rmﬁ%%%m ue for the
jth idererinitbe iEC@at"e]Qlod:]apy@Gyeﬁlﬁ@rHaﬁHﬁlé)’@fé‘t&l@é@Ci.@rgﬁ@at@ft' alizes
(at bI ock 102) to zero. A considered section of the i nput vector (rj,
1TSS Fp] Jahen | 35 COREAF SSRRER K HES SyRbORFodt o BypBs| L18))
wher €5 the 1094000100002 010081 of Ocle! S6ul Neef HbOCKod 04} chbe Hanmi ng
di stance there betvveen which is the nunber of bit [|ocations 1n. each

vect oFNPHat VEFEPBr (T4.f Tat -bl-0&k14080d Here durerhn oiuler 3inn yTdrast ance

bet we th of uf., V. +1, ... , rj+18)
and t % syﬁ%ﬁ%ﬁ??ﬁ??ﬂ%ﬁfﬁbw reé%%%@o%%f%%%%&%ﬁ%%%lgé‘i s less than or
equal &t.0 - t\fas) ¢ Hervatiee slﬁdeireé‘d dcthlorcloflide Gonpgdte vector (rj, rj+1,

P Jag tlon dpGRPd £ aL, b Qcky108) i R fle M0 3/ Q96507 RGIUGP02/ 14563

roni zati on sy wi't hi i* the recei ve nary vect or. herwi se,
i f (allfbl oek 1os)dinsuniiemgedi PRhoet e Y @at éreg t e twedlue BEh an error

vectofg Eis @gécyi@&gdl%@} @é%ﬁe%@%w&%i&? &5&5 USt V& v y\g&%f the

consi dered section I nput vec d the
synche:ani Zhei valygnBsl is(Set= (dﬂO@D@@EODD@)LOE@O@ﬂ;) Thesmaﬂuagxénltshe vect or

(€0, get (at block 120) to the disjunction (OR) of e;s V e, V e,V
e,;3. The variable X is then 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
(r5, Tjss---,Tyqg) as synchronization mark in the input vector.
Otherwise, if (at block 126) X is greater than two, then 7 is
incremented (at block 128) by one and control proceeds back to
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;,...,1y,;) is determined (at
block 132), such that i, is the offset info the considered
section of the input vector (rj;, Ty, ....Tjys) 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
hblock 134) the variable L to the number of times that (i, - i
1) 1s 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, Tjuis.--sTje) as the
synchronization mark, otherwise, control proceeds to block 128

to consider the next possible synchronization mark in the



el,...,el8). Avalue XOis set (at block 112) to the disjunction (OR) of
eo Vel Ve2. The value Xl is set (at block 114) to the disjunction of
(OR) of ewoW3®565%7 e6. The value X2 is set (at block 116) PCO/RPaZ14563

di sjunction (OR) of e8 Ve9 V el0 V ell. The value X3 is set (at block
118) to el3. The value X4 is set (at block 120) to the disjunction (OR) of
el5 V el6 V el, V el8. The variabl é3X7is then 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 tg deen1%he gonsi,dered section of._ the input
vect oF SCEAVed fpput data. Frem the SYRCRrORLZAtioR REFEK i ShEh&SPRput

vect OFormgkiRerw3se canf acatsbl 8Ck1428) oX Hatdr eat gecbBanatWenet BeRgj S
increnented (at bl ock 128) by one and control proceeds back tol block 104

to coh8iderifHe thexEYSEREPBAZEE1PReMPRBUECTRELEE, @ BhPFke@Tt 8atRe right by
one bit. Oherwise, if (at block 126) X is equal to twd, then the variable
Mis determ ned (at block 130) as the nunber of bit values in the error

vect of( EYidigapn ite shachrpeigatier WobPolpe, repynchroniggEipni s det er mi ned

(at phogk @gzﬁresﬁ%ﬁekaﬁgdiEnké.E?@rﬁéégiéokﬁzﬁgEEetSOOéEg?§g nagection of

the input vector (r,, rj+,, . . th val ue one. For

i nst ahbe, cporechedaset 6F 10y, readi sUplike pynghromhdarons 4. The
synchg9mb5@gnogegﬁggﬁ%gtizgt%?ﬁnmafké 63! oxfl 6k 13diobfia ¥orhabes L Lo the

nunber” of times t _1) is equal to one fc (at
bl ockte3spdicpse &hgaptastM2, thhencepnchopnpratéedspabtbrnck5108 to accept

the cappent coasi d.gect Lo : j : +18 e
synchron?éa#%gngﬁgégsggt grgﬁée?eégﬁ??%%ﬁ%%%gég s&%gﬂb%ggﬁu%g8ha¥8 consi der
t he nestdipoesebl eagpauhrdai tat fvaidabking shen\WDs 08105888 7dRCT. EPQ2/ 14563

- 13 recgiyedyhnputdat 8, Er om Lhe SYAGHLORk 2atk OR JRLK. ckhe.read

equivalent to approximately four bytes of data. In one
embodiment using a 16/17 encoding rate, a 34-bit

- Resynchronization mark RS is used, such as RS =
10000000001000000000012000000000001. 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 order 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

1010101010 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,



formatter 30 can access a block of data to decode as the bits follow ng
the synchroni zati on mark conprise a block of data. |In addition to
synchr oni watisosmssynbol s, resynchroni zati on marks 65 are @gem@rar/etes nto the
m ddl e of data to verify that the correct data is being read. Unlike
synchroni zation synbols, resynchronization marks 65 are not preceded by a
VFO to indicate the start of the rgéynchronlzatlon pattern 65. Thus, the
| ocation of the resynchronization mar k 65 must have additional safeguards

to avoi d, bei seen a at a. ertaln i enent ati ons, the
resynEﬁPEﬁPgag 8&“&& g ggguPPQPeﬁFa 6n§pBFO%gEHFeP9nPSMr bytes of

dat a. veatere (rgnbedinyent . usi nghardbéddnencadi ng ity &addidifor
Resyncgronléatlon mark_ RS i s ysed, .such as RS =
1000066600 £6086880680 1060366665661 L1PHE RECEGHbolbEs AgFoeRTT b7

i1l ustpatignipesPQsesLIBlky, 200¢r §i Boother  sXNBaks iBRY o2l $8ebenpysed.
However, with the described |nglenentat|ons t he resynchronlzatlon mar k 65

i s UnVEREPY (&3 belmi st akeh.$br LOBNR cdEERal al S Therpa6e@, wildhetldéng on t he
encodi-agyREALAATLaL 1bRCSLABYACHEA0 3BbDAOGABIK0bBEBLERL 8HoLO avol d

confusion wth actual I n or det ect e resynchroni zati on mark
RS, tRE00PBPPONM Ag degeriminm i(stubédckn286hj thet Hommwhghdikea®Se nenti oned

abovebgeﬁagﬁdthe Qﬁewe&ﬂleﬁtéseEﬁgdﬁga§%£ho£hﬁlﬁaﬂscéﬁiézacgga ggd with

t he synchroni zati on operation (1.¢e n each codewor s and ends
wi t h viechorethhandiifers- Zér éatahdockr2e6bneke ﬁhéeemimedpﬁamming 101010101

and Q%Q%Q&Q%Obél’:\%egﬁ%ﬂgeg g@fi’oﬁaﬁﬁ ERQeX‘%B) %%?Bgo(é peak 010). FIG 4

illustrates lTogic I nplenen inthe read {0 detect the
resynth[onqzatﬁgma@ﬁSﬁheodesymhhrbngzat@anBmed1 assunes a 34 bit

[ esYNEREODb 886 b 800 TROL086003862686086560062P00001203000RAR00 . WLR respect

considered section of the input vector (ry, T, ...,Tjs;) is
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 (1, Tj,u,...,Tjs;) and
the resynchronization symbol (RS), resulting in the wvector

(eo, Sy, 4. re33)

At block 212, the variable M is determined as the number of
bit values in the input vector (rj, Tj41r---,T533) that are one.
The vector W is determined (at block 214) of (i,, i;,....1,.1),
such that i, is the offset into the considered section of the
input vector (r;, Ty, ...,T533) of the kth value of one. 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, ¢, and e, ,; are set (at block 230) to 0 and e, '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



WO 03/ 056557 PCT/ EPO2/ 14563 - 14 control begins at bl ock 200 upon readi ng
an input binary vector (ro, rl, r2..... ) , where each rj is a binary

val ue forwotohms§ssh itemin the received i nput vector. ThePddEPIB1458D
initializes (at block 202) j to zero. A section of the input'' vector (rj,
ri+l, . . - , rj+33) for a given j is conpared with the resynchronization
synbol (RS:10000000001000000000010001-5 000000001) to determne (at bl ock
206) the Hamm ng di stance between the two, which is the nunber of bit

| ocatigns in each.  .vect at differ. If (at block 206) the determ ned
o 1 DA e BRI P 1D S O et FRC SBC et G -ty el
rj +l ajrethdionesich el OtheHAlse, 7 is incremented (at

(RS=1 0(3‘:8(0000]50 000000001000000000001) is zero, then the considered
secti OGNS e )i MPUCRFREF qaijtradj Proceeds becksdp jodocke@®édd teat bl ock
208) tmilFe Rer asy Ry QRiZALN i%@i%%e&:%%k By i ke t\Se%to(Plrsi?%irng read.

O herwise, if (at block 206) the mr ng di stance is not zero, en an
error WScPEFTEROSSibdiec iherdy (aurblddle 280)has revenskeondizagion (XOR) of
the epR%. deredseehiik ofdHherdnRUl WLeCHRN thl w betlor «(4,; ] +33) and

t he resynchroni zati on synbol (RS), resulting in the vector "(eo, el, . - . |
e33) At bt ocke-2127¢ HeelfaeTade e ssefet &t mhed s 3te rer of bit

val ues:oh rbhe pridRidle AL HOh 1k 2ligt o M 133 [ The

vect or OW irs dgtrg)r m ned (at %I oc 01%12})0 8FCFP8, Jtlhi’é )cofngﬁhle%}e% g,ggtgﬁch t hat

i k i s@Fhé&hef resynichreniire tdens maaked Osberivdaeof cohgroilnpubceedsotto(rj

i Pt 29S8 lcestharebye oo Fokey i a8, 18 1cCt o

is Mandthe teceBveck 12pofx Mecéqual $ft et bhenkcdabtnoll (pregeedls tio bl ock
ggg) t Q)aggeﬂbtt Q@anﬁnﬁ'ft (\é%cga(?.'bcﬂs 2&@? r(gi_)llngbor)oryszc’ﬂll Q:@lerrrlarcl%ntlljol( at bl ock
proceeds to block 230, otherwise, control proceeds to block
228 to increment j and consider the next possible
resynchronization mark in the received input vector (r,, T,

Tye o)

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 receives an encoded
sequence of bits from the tape medium 8. The synchronization
detector 28 will seek to detect (at block 302) the VFO ﬁattern
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 (S) to correctly identify
the beginning of the user data. While 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 execute the
logic of FIG. 4 (at block 308) to identify the ;
resynchronization (RS) pattern and test whether the‘décoder 12

is interpreting the data properly.



Mis not 2 and if (at block 222) M> 1, then in the (E) vector, eo and
ew 1 are set (at block 230) to O and ek ' is set to 1 for 1 <k < (M2).

If (at blwol3a3&y7there is only one bit |ocation in the mwodrfPozses ror E
vector and the resynchronization synbol (RS) where both are one, then
control WO 03/056557 PCT/ EP02/14563_ 15 proceeds to block 208 to accept
the i nput vector as the resynchrﬁn??afion synbol. Otherwise, | is
increnented (at block 228) by one and control proceeds back to bl ock 204
to shift over.in the received ingut vector by one bit to consider the
next QQ&FBPEa%hFPPgePSB 5108 RETERESr esynchroni zation mark. If (at bl ock
224) the values in the Wvector (io, are nenbers of the set {0, 1, 32, 33),
t hen ontrol. proceeds tQ bl ock 208 to, accept the considered vector as the
resynEﬁ?oﬁr§SﬁraﬁdnamPPdemﬁ@Fﬁj@@y benivBlepepeaddast ® mpEbeR 228 to

consi gdgpat-heuBexst RessbhkecresyAGhREephZat LM FBEKanbBrENErb8E8hNEHyi NPUL
vector. _If (at block_216£ (.(i, m1 -io) +_ 1) is not Mand if (at %Iock
218) PRRY 2T- PBYINGSRINEhERCEBALNEF tprbteddset sobFveke23birBvatew se,

cont r gbgi968¢ds -t Anb! 06k1H1248:i LR LASLEFENt The 20 FORSL-dEL 1 Lhge nEXt
possi ble resynchronization mark in the received 1 nput vector (ro, rl, r2

.. ) Ppmafacknrest rateseAolerhensyntaronteactdn okt cegbe 28 and decoder 12
lnplemﬁﬁieﬁéﬁtéangﬂrﬁ&ké@akgnlagﬁcrgﬁggchrgﬁl LQPa L gfggﬁggnce Wi th

i npl enentations of the. 1nvention. [ogic egrns_at bl 00 where the
decodekin? FéeddvBsognaenebdedCatseqghenee OFP®RLs Apphicheicompe medi um 8.

he SYPEBIonz8ht 0fra (EHCELPLuED hitcpeekel o) ot egl ch@hubbock 302) 1 he VFO

pattern in the encoded sequence of bits. Once tected the
synch¥eaiaiat ¢ onedenacior 928 srecates sherdoginediur G.@. t chard

disk 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 is accessed and executed by a processor. The
code 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 departing from the scope
of the present invention, and that the arficle 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.



detect the synchronization mark S (at block 304). By identifying the
synchroni zation mark (S) to correctly identify the beginning of the user
dat a. VWhiwe oslesssdecoder 12 is reading the data (at bl ock PEEB)Pp2/14%63 decoder
12 seeks to identify any resynchronization marks (RS) to verify the data
is being read correctly. The decoder _12 woul d execute the logic of FIG 4
(at block 308) to identify the res&ﬁcﬁronlzatlon (RS) pattern and test
whet her the decoder 12 is interpreting the data properly. WO 03/056557

PCT/ E 4563 -.16. Additional I nple ntat| S The referred

Eonthorte teschibia faRerr et act R olRE BB Eet  Ba Sar L pRE Chers:

nanufahbwnebasédgoﬁtandEPH4psggtamnimg adndinacengi nEpLEnenteehBhgyes to
tware, fir conbi nati on %?ereof. The term
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(e. 9. anhardsyAtBkofi k¥esonf hapRY . di sks, tape, etc.), optical storage (CD
ROMs, optical disks, etc.), volatile and non-volatile nenory devices

(e.g., EEPROMs, ROMs, PROVS, RAMs, DRAMs, SRAMs, firmnare, programmabl e
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executed by_a processor. The code in which preferred enbodi nents are

i npl eRBFABRE nEhat 4R EReVaBechEeead BEENg eough/ b7 t Fadsnfesi Waidkdi a or from
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in which the code is inplenmented nay conprise a transm ssion nedia, such

as a AREvERke® r RSP s¥ieRe| Fve, patterns 101010101 and 010101010 are
excluded and each codeword contains a peak 010 was used. In

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

claims appended hereto. The above specification, examples and



wi rel ess transm ssion nedia, signals propagating through space, radio
waves, infrared signals, etc. O course, those skilled in the art wll
recogni zewbhiawsesany nodi fications may be nade to this comCrgPozi45en

wi t hout departing fromthe scope of the present invention, and that the
article of manufacture nmay conprise any information bearing nmedi um known
inthe art. The descri bed inplenéhﬂé%rbns provi de a techni que for
transferring data to a tape drive. The above described logic may be used

W th er input/output (I/0O devices or other storage devices, e.g.

opt i cﬁarﬁaaﬁaog &t ic@mbpa{ﬁét,g ﬁﬂe@w&m&i S toec TGS rpsEs sy use

PCT/ ERER2/c14563mpbéithirt ke descrirhes divpl ermptatl kghy e deriekerted s

al gorithng were, shown based on an EPR4 system In alternative

i npl e AFVERS1OT K& o MAdeh e 1R We IRBEiEg & OFe thsegPiAibRA and
E2PR4 angy stepe bl Rbel Revaai dfChhiqueveh thidantkhyiag &Lr @he Propagation
next tqQ the |sol ated peaks of the synchronization and resynchronization
mar ks S1PATEhBegedBpthey PRBICEREst-ati ons, described inpl enentations assuned
that data was encoded using as 16/ 17 code for which 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
was used. In alternative enbodi nents, the synchronization and
resynchroni zati on net hods described in the present invention can be
applied to other encodi ng schenes and at different min rates of encoding.
Still further, other synbols may be used for the synchronization (S') and
resynchroni zation (RS) synbols than those val ues descri bed herein. The

| ogi c described in FIG. 3, 4, and 5 described specific



operations as occurring in a particular order. In alternative
i npl ementations, certain of the logic operations nay be perfornmed in a

di f f er entworod®sessmodi fi ed or renmoved and still i npl enment porafPer/14563

enbodi mrents of the present invention. Mrever, steps nay be added to the
above described logic and still conformto inplenmentations of the

i nvention. The foregoing descriptioh?of the preferred enbodi ments of the

i nventi on 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. ®&Hny® TdHi%ications and variations are
possible in light of the above teaching. It is intended that the scope of
the invention be limted not by this detailed description, but rather by
the &l ai n® mppeodelohepebyidihe avookrepecatientivna exaapyedabtdd WO

03/ 056557 g%géEP02/14563 - 18 data provide a conplete description of the
manuf act ur 8 and use of the conposition of the invention. Since many

enbodi ment somprishegt nventi on can be made w thout departing fromthe spirit
and scope of the.inven%&gn tgg ing ntigon resides in the «clains

her ei naf t ef SGppEHaSd> W65 056587 P02/ 14563 - 19 CL AI MS 1. A
met hod f orgphexvating syaghrhnbratbbhonnmarki havyndasdh lséseaompeconpri sing:

| cact one CrebRardcPReR Pheo k: YERak: ChnerBb ke i r e tant o e
form ng a eocnided datacstiedaduby cbneahehmt cogcéhenating the
synchronization mark with the received binary data; and
during decoding, detecting the synchronization mark based
on error propagation occurring adjacent to the at least

one isolated peak of the synchronization mark.

2. The method of claim 1, further comprising:
concatenating the received binary data stream with a

known pattern.

3. The method of claim 2, wherein the known pattern

comprises a VFO pattern having a sequence of “10.”

4. The method of claim 3, wherein the synchronization mark
is determined by concatenating a synchronization symbol

with. the VFO pattern.

5. The method of claim 3, wherein forming the encoded data
stream by concatenating the synchronization mark with the
received binary data further comprises:
concatenating the synchronization mark with at least one
bit from the VFO pattern to obtain a modified
synchronization pattern having more bits than the

synchronization mark.

6. The method of claim 1, further comprising:



synchroni zation mark with the received binary data; and during decoding,
detecting the synchronization mark based on error propagati on occurring
adj acent wo oBlosssatr | east one isol ated peak of the synchr ecirapo2/osedar k. 2.
The nethod of claim1, further conprising: concatenating the received

bi nary data streamwith a known pattern. 3. The nethod of claim2, wherein
the known pattern conprises a VFO?p%t't ern having a sequence of "10." 4.
The nethod of claim 3, wherein the synchronization mark is determ ned by

concatenating a synchroni zation s |, wit t he VFQ pattern.. 5. The
met hod of Qnfigheiatiie i f‘b??ﬁh‘ger%)%élr?r}%yoga&tadaﬁtfe r‘"élatﬁ% e
concat enatj Qi it hh e WEHQh 2 1 24 I8 knantid h vithereireadiev etk Higzarty dat a

further conprises: concatenatjng the synchronization mar k.cﬁth | east one
bit from tdRe VREHHRIENIZR oH AL nstlifq&de ﬁbﬁ?b%i n %t tern

havi ng norg, bits.dhady thena Sy ngdEoni @atdomimrhe Greshhe-mitiod wforcl ai m 1,
further conprising: WO 03/056557, PCT/ EP02/14563_, 20 concatenating the
recei ved biawds Wrdgt@%tﬁréé@ﬁ% tinary (s e FhFRIHoni zati on nark,
wherein the at |east one resynchronization mark is |ocated in the mddle
of the received binary data stream and the resynchroni zation mark and the
encoded biTiee ynetdied avle eldierentfurthephecmRcthi Bt claim 6, further

compri si ngic detesty g her Afed casiaone.dpIChON Il gio Lo ver | 1y

that the decodin rocess is operating correctly. 8. The nethod of claim
1, wher ei verdat Alwectilon @ece®ing process is operating correctly.

8. The method of claim 1, wherein a data section of the

received binary data is encoded at a rate of m/n.

9. The method of claim 8, wherein the synchronization mark
comprises 01000100001010001 and the m/n encoding rate

comprises a 16/17 encoding rate.

10. The method of claim 8, wherein the data section 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.

11. The method of claim 10, wherein the resynchronization
mark. comprises 1000000000100000000001000000000001 and the
m/n rate encoded bit sequence comprises a 16/17 rate

coded sequence.

12. The method of claim 1, wherein detecting the
synchronization mark comprises detecting an even number

of 1s between peaks and the error pattern “101" around a

peak.

13. A system for providing synchronization in a binary data
stream, comprising:

means for receiving a binary data stream;



received binary data is encoded at a rate of mn. 9. The nmethod of claim3$8
wherein the synchronization mark conprises 01000100001010001 and the mn
encodi ng wetos/osesemnpri ses a 16/ 17 encoding rate. 10. The neChaPonisses ai m 8,
wherein the data section is encoded at an encoded rate of nmin and the
resynchroni zation mark conprises a fixed plurality of bits equivalent to
bytes of the encoded binary data. 121 The method of claim 10, wherein the
resynchroni zation mark. conprises 1000000000100000000001000000000001 and
the mn rate encoded bit sequence conprises a 16/ 17 rate, coded sequence.
12. The mel@@@sofor| apRprathAer 8i Aivaeheeringtine mayhcheBhngatton nark

compri ses detectpng 20oPYeBANERR 1500 A8 DehueeBnpegksnandyt geerr of

pattern 11101" around a peak. . A systemfor providing synchronization
in a binargadatatreszmeam conprising: neans for receiving a binary data

stream V0,03 056857 BT FRO2/ 14003 a2l UEPBSIRY GeReEaLignidy

synchroni zati on mark havin east one isolated peak 1nto at

poi nt in thee dwrahsondaatinsansrkovithrphagracenvededidara dearaam by
concat enat j t he synchroni zation mark with the received binary data; and
means for during decoding, detecting the synchronization mark based on
error propagatsofioncduringgdadpdiegt detéheingttheasynoheonssbbied peak of

the synchronl£ahl 00a "8l Kerddr THEpSYSEEONOEELRLILS3aat HELALT £ GOPRE! ST NG:

at least one isolated peak of the synchronization mark.

14. The system of claim 13, further comprising:
means for concatenating the received binary data stream

with a known pattern.

15. The system of claim 14, wherein the known pattern

comprises a VFO pattern having a sequence of “10.”

16. The system of claim 15, wherein the synchronization mark
is determined by concatenating a synchronization symbol:

with the VFO pattern.

17. The system of claim 15, wherein the means for forming the
encoded data stream by concatenating the synchronization
mark. with the received binary data further concatenates
the synchronization mark with at least one bit from the
VFO pattern to obtain a modified synchronization pattern

having more bits than the synchronization mark.

18. The system of claim 13, further comprising:
means for concatenating the received binary data stream
with at least one resynchronization mark, wherein the at
least one resynchronization mark is located in the middle
of the received binary data stream and the
resynchronization mark and the encoded binary data are

different.



means for concatenating the received binary data stream wth a known
pattern. 15. The system of claim 14, wherein the known pattern conprises a
VFO patt ewp obasisay a sequence of "10." 16. The system of e@CaEPOLBS6Wher ei n
t he synchroni zation mark 1is determ ned by concatenating a synchronization
synbol wth the VFO pattern. 17. The system of claim 15, wherein the neans
for formng the encoded data streaf® by concatenating the synchronization
mark. with the received binary data further concatenates the

synchroni zation mark with at | east one bit fromthe VFO pattern to obtain

a modtd i edthsy rerrtont 2 | okpbat i @r nfRHRS SRR HHES t han t he

synchroni zgtl.0n ff kye dd-+ e system (oo abme LdesFhdthhei £00%n Si ng:  neans
for concatenating the received binary data stream wth at |east one

r esynchr oniezelt i toh vRrdEY wHealei Bhe hdeerding AFORRS res PRI dm 3%t i on nark is
located in.the niddle of the received binary data streamand the
resynchroni Zzation mark and the encoded binary data are different. WO

03/ 056557 PCT/ EP02/ 14563 - 22 19. The system of claim 18, further

conpri si ng%h{rﬁ%%gn?g)geéfg}.ﬁ%y%@feiﬁeaa?td% sesynchronigation mark to

verify th ecoding process is operating correctly. 20. The system of
claim 13, wmhsziered oideiay séxta ohs ofnedrded rated vierlt i o/ ®at a i s encoded at
a rate of mln. 21. The system of claim 20, wherein the synchronization nmark

conpri ses 01000100001010001 and the mn encoding rate conprises a 16/17
encodinhg reite.system of claim 20, wherein the synchronization mark

comprises 01000100001010001 and the m/n encoding rate

comprises a 16/17 encoding rate.

22. The system of claim 20, wherein the data section 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.

23. The system of claim 22, wherein the resynchronization
mark comprises 1000000000100000000001000000000001 and the
m/n rate encoded bit sequence comprises a 16/17 rate

coded sequence.

24. The system of claim 13, wherein the means for detecting
the .synchronization mark detects an even number of ls

between peaks and the error attern “101" around a peak.

25. The system of claim 13, further comprising: a
Input/Output device, wherein the system for providing the

synchronization is implemented in the I/O device.

26. The system of claim 25, wherein the I/0 device comprises

a magnetic tape drive.



22. The system of claim 20, wherein the data section is encoded at an
encoded rate of nmin and the resynchronization mark conprises a fixed

pl ural i t ywofo3/08is6%3 equi val ent to bytes of the encoded bi n®&Cy/Epar/ads623. The
system of claim 22, wherein the resynchronization mark conprises
1000000000100000000001000000000001 and the mnmn rate encoded bit sequence
conprises a 16/17 rate coded sequedéer 24. The system of claim 13, wherein
the neans for detecting the synchronization mark detects an even nunber of
1s between peaks and the error attern "101" around_a peak.,6 25. The system
of claim 1By dutidke edmpriefagiuse Hppledong RRAYeHPELTIEIEIR the system

for provid - onj, Zat}, 00,15 &4Ph eBALEM, I BhéReih/ Shdeviae. 26.
The systen#%%c%$§?%1%€,géhgée$n ?ﬁ% f/C)device conprises a magnetic tape
drive. WO 684686557 RCTLERH2Ld 456 3perfogme@ 7compr 53$13€t e of manuf acture

i ncl udi ng code. for proyidi c ization in a binary data stream
wher ei n thﬁe%%ﬁ%ln%d%g%%g% r%%?%n§E$%&ﬁé perfornmed conprising: receiving a
bi nary datges¢rsaimg geneyathngnazayhchronrk didoingerk heedhgeR® | east one

isolated peak.into at_Jeast on ' in the. data styeanl-forping. a
encoded da%%pé??%gﬁ?%?kc%%%%t%ﬁa?$%§£t%£e §ﬁ%ﬁr%ﬁi%ation Tark with the
received binary data; and during decodi ng, detecting the synchroni zation

mar k based_ on, error propa a%i n occurri %& o £9n%h€hét | east one
i sol ated pERKMHFItHe® 9%%%80 ?ggt?gﬁg%%rgg % .@%ﬁe aFticl e of manufacture
of clai m 2dynénréhetat tonpnaskngith the received binary data; and

during decoding, detecting the synchronization mark based

on error propagation occurring adjacent to the at least

one isolated peak of the synchronization mark.

28. The article of manufacture of claim 27, further
comprising:
concatenating the received binary data stream with a

known patterm.

29. The article of manufacture of claim 28, wherein the known
pattern comprises a VFO pattern having a sequence of

\\lo . "

30. The article of manufacture of claim 29, wherein the
synchonization mark is determined by concatenating a

synchronization symbol with the VFO pattern.

31. The article of manufacture of claim 29, wherein forming
the encoded data stream by concatenating the
synchronization mark with the received binary data
further comprises:
concatenating the synchronization mark with at least one
bit from the VFO pattern to obtain a modified
synchronization pattern having more bits than the

synchronization mark.



concatenating the received binary data streamwith a known pattern. 29.
The article of manufacture of claim 28, wherein the known pattern

conpri seswe 09B@5pat t ern havi ng a sequence of "10." 30. THheTaP2/Ci563 of
manuf acture of claim 29, wherein the synchonization mark is determ ned by
concatenating a synchronization synbol with the VFO pattern. 31. The
article of manufacture of claim 29,24%erein forni ng the encoded data
stream by concatenating the synchronization nmark with the received binary
data further conprises: concatenating the synchronization mark with at

| east3%ne THY BATFISHS IR VEOPRIGE (F SHtEith < modtsh synchroni zati on

pattern hq,_\g“[é}%irgir bits than the synchronization mark. WO 03/ 056557

PCT/ EPO2/ 145 4 32. The article of manufacture of claim27, further

conpri si ngonERtERFERERd rigie HegecEd & tHmadpifart SFeamh AF at | east
one resynghr Qi Zald o SRy - eS8l d R Al LaRSlein AR rASYRGHONI zation

mark is located in the mddle of the received binary data streamand the
r esynchr orinsatiesynrorsih tinn arcdddd Pianateddrn tdie Widtle @ft . 33. The

article of Al aciule ]&fnéﬁfid%(t%%séfgaweafnd GaP il Atndeliesiding the at
| east one Tesynchronization mark to verify that the “decoding process is
oper at i ng neoriy egtd ythe Fhcdded dritriagtve dsftaveand attfifier st ¢l ai m 27, wherein a

data section of the received binary data is encoded at a rate

33. The article of manufacture of claim 32, further
comprising:
detecting the at least one resynchronization mark to

verify that the decoding process is operating correctly.

34. The article of manufacture of claim 27, wherein a data
section of the received binary data is encoded at a rate

of m/n.

35. The article of manufacture of claim 34, wherein the
synchronization mark comprises 01000100001010001 and the

m/n encoding rate comprises a 16/17 encoding rate.

36. The article of manufacture of claim 34, wherein the data
section 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.

37. The article of manufacture of claim 36, wherein the
resynchronization mark comprises
1000000000100000000001000000000001 and the m/n rate
encoded bit sequence comprises a 16/17 rate coded

seguence.

38. The article of manufacture of claim 27, wherein detecting

the synchronization mark comprises detecting an even



of mln. 35. The article of manufacture of claim 34, wherein the
synchroni zati on mark conpri ses 01000100001010001 and the nin encoding rate
conpri seswe 03856537 encodi ng rate. 36. The article of nmanuf crmre2/0f56&1 ai m
34, wherein the data section is encoded at an encoded rate of nmin and the
resynchroni zati on mark conprises a fixed plurality of bits equivalent to
bytes of the encoded binary data. “3%> The article of manufacture of claim
36, wherein the resynchronization mark conpri ses

1000000000100 000020?10%0800000001 and the. mn rate encoded bit sequence
conprises A°48F17°Fat8 CEGUE"sBGAEACcBRA3BheTRETQFt PaESER NAALf act ure of
claim 27, whenfatnadgkatting the synchronization mark conprises detecting
an even WD 03/056557 PCT/ EP02/ 14563 - 25 nunber of 1s between peaks and
the error pattern "101" around a peak.



