
18 JUL 2006 -1 DESCRIPTION METHOD, SYSTEM, AND PROGRAM FOR SYNCHRONIZATION
AND RESYNCHRONIZATION OF A DATA STREAM  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 "flux 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 ("Variable
Frequency Oscillator") pattern at a specific 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 frequency. The VFO
pattern ~ *166166*  18 JUL 2006 WO 03/056557 PCT/EP02/14563 2 may comprise
repetitive codeword pattern, such as a sequence  of "10" or 2T bits, but
which is identifiable because of its  location in a header. A known
synchronization mark is also - provided between the VFO pattern and any
encoded data to allow,  



the decoder to align to the codeword boundaries and to the'  start location
of the incoming data. If the PLL does not achieve complete phase lock, or
if the  decoder does not align to the codeword-boundaries on the  incoming
data,. then the decoder will not be able to  successfully decode incoming
encoded data until the next  synchronization ("sync") 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,
misdetection of one or more  bits in the synchronization mark may prevent
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. 18 JUL 2006 -3
Therefore, the data detection may begin with reading data before  or after
the data really starts. If the start of data is not  determined via
detection of the synchronization mark, all data  



between one synchronization mark and a subsequent  synchronization mark
which is detected successfully will be  lost. This may have a catastrophic
effect, rendering useless  the error correcting codes protecting the data.
In the commonly assigned US Patent No. 5,999,110, a method is  disclosed
based on using an encoded synchronization mark  concatenated with a VFO
pattern wherein the encoded  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
errors  in data encoding systems. The European Patent 0 517 483 Bl
discloses a method for decoding a unique data sequence forming  an address
mark within a stream of RLL coded data values in  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 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. 



[R:\LIBCC]05136.doc:gmm 1 8 JUL 2006 WO 03/056557 4 PCT/EP02/14563 in
further implementations, the received binary data stream is  concatenated
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. The resynchronization mark is detected to verify that the
decoding process is operating correctly. 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 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 1 8 JUL 2006  WO 03/056557
PCT/EP02/14563 



5 FIG. 3 illustrates logic to detect a synchronization mark in a  data
stream in accordance with implementations of the  invention; FIG. 4
illustrates logic to detect a resynchronization mark in  accordance with
implementations of the invention; and FIG. 5 illustrates logic to utilize
the logic of FIGs. 3 and 4  when decoding data in accordance with
implementations of the  invention. 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 shown). 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 1 8 JUL 2006 WO 03/056557 PCT/EP02/14563 



6 separate hardware components external to the controller 14 or
implemented within logic executed by the controller 14. In alternative
implementations, the encoder and decoder may be  implemented, in other
types of storage devices, such as a hard  disk drive, optical disk drive or
other device for reading and  writing data to a non-volatile storage
medium. In the described implementations, the tape medium 8 comprises a
magnetic tape (e.g., Linear Tape Open, Travan, etc.) or  digital tape. 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 1 8 JUL 2006 



WO 03/056557 PCT/EP02/14563 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 from the readhead 18 are also
supplied to a  sync detector 28 which detects the synchronization patterns
in  the binary data read from the tape medium 8. Read formatter 30  uses
detected synchronization marks to determine which of the  decoder output is
data. 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.  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 move 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 1 8 JUL 2006 WO 03/056557 PCT/EP02/14563 8 next
VFO pattern. Each of the codeword groups 62-63 may be of  any suitable
length. it is also preferable that the VFO  pattern 60 be encountered
before the synchronization mark 61  and concatenated therewith, so that the
frequency may be  adjusted before the decoder 40 is aligned to the
synchronization mark. The described implementations may be  configured to
read and write in both directions by writing the  synchronization mark 68
in the opposite side of the VFO  pattern and in reverse order, and
concatenated with the  trailing VFO pattern. Thus, the reverse sync 68, the
VFO 60  and the next synchronization mark 61 may be concatenated in 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 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 which 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, 1 8 JUL 2006 WO 03/056557 PCT/EP02/14563 9 thereby
preventing any of the supplied "data" from being  decoded. One error
occurring in data recording systems is a  "bit shift," where the
inter-symbol interference of high  frequency signals shifts the detection
of any transition away  from an adjacent transition and towards a long
string of no  transitions (many "Os" between the transitions). This causes
the detection circuitry to shift the transitions of longer  spans into
different positions such that they may instead be  erroneously detected as
shorter patterns. Another error is that one transition occurs too slowly to
form  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 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 implementations, the synchronization symbol is
appended to the VFO to 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,  seventeen bits, instead of 19, are appended to the
VFO, which  is equivalent to two bytes in a 16/17 code rate . In this way,
the propagation peak is exploited to incorporate the synchronization symbol
into a propagation peak. The value of  the synchronization symbol (S') can
be generated in  alternative manners. After S' has been determined, the
data  can be located and read because the data begins following the
synchronization mark. In addition, since the data may also be  read in the
reverse direction, the synchronization mark is  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 "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. 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 1 8 JUL 2006 -11 related U.S.
patent application 2003/0123173 Al entitled "Method  and Apparatus for
Encoding Data to Guarantee Isolated  Transitions in a Magnetic Recording
System", wherein each  codeword starts an 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. To encode the EPR4
waveform, the binary stream is precoded by multiplying the  binary stream
by 1/ (1(DD), (where D is a delay operator) and  then convolving the binary
stream with (1-D) (1+D2) 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(c)D. FIG. 3 illustrates logic implemented in the synch detector 28
to  detect a synchronization mark in the received binary vector (ro,  r1,
r2, ...). In described implementations, the synchronization  mark includes
at least one peak, such as a 11010". With respect  to FIG. 3, control
begins at block 100 upon receiving an input  binary vector (ro, r1, r2,
...) , where each rj 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, rj+1, rj+18) 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, rj+1, rj+18) and
the synchronization symbol (S' = 1001000100001010001) is less  than or
equal to two, then the considered section of the input  vector (rj, rj+i,
..., rj+18) is deemed (at block 108) to be the [R:\LIBCC]05136.doc:gmm 1 8
J U L 2006 WO 03/056557 PCT/EP02/14563 - 12  synchronization symbol within
the received binary vector.  Otherwise, if (at block 106) the Hamming
distance is greater  than two, then an error vector E is calculated (at
block 110)  as the exclusive or (XOR) of the considered section of the
input vector (rj, rj+1, ... , rj+18) and the synchronization symbol  (S' =
1001000100001010001), resulting in the vector (eo, el, ... , e18) . A value
XO is set . (at block 112) to the  disjunction (OR) of eo V e,, V e2. The
value X1 is set (at block  114) to the disjunction of (OR) of e4 V e5 V e6.
The value X2  is set (at block 116) to the disjunction (OR) of e8 V e9 V
e10 V  e,,,.. The value X3 is set (at block 118) to e13. The value X4 is
set (at block 120) to the disjunction (OR) of e15 V e16 V e17 V  e18. 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  (rj, rj+1, - . . , rj+18)
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 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 (io, i1, ... , iM_1) is determined
(at  block 132), such that ik is the offset into the considered  section of
the input vector (rj, r;+1, ... , rj+18) of. the kth value  of one. For
instance, for the vector 10101, io is 0, i1 is 2,  and i2 is 4. The
synchronization detector 28 then sets (at  block 134) the variable L to the
number of times that (ik - i  k-1) is equal to one for 1 < k :g 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, rj+1, . . -, rj+18) as the
synchronization mark, otherwise, control proceeds to block 128  to consider
the next possible synchronization mark in the 1 B JUL 2006  WO 03/056557
PCT/EP02/14563 - 13  received input data. From the synchronization mark,
the read  formatter 30 can access a block of data to decode as the bits
following the synchronization mark comprise a block of data. In addition to
synchronization symbols, resynchronization  marks 65 are generated into the
middle of data to verify that  the correct data is being read. Unlike
synchronization  symbols, resynchronization marks 65 are not preceded by a
VFO  to indicate the start of the resynchronization pattern 65.  Thus, the
location of the resynchronization mark 65 must have  additional safeguards
to avoid being seen as encoded data. In  certain implementations, the
resynchronization mark 65 is  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 =  



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 order.to detect the resynchronization mark
RS, the  following algorithm is used in conjunction with the RS  mentioned
above located in between data encoded 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, 1 8 JUL 2006  WO 03/056557 PCT/EP02/14563 14  control
begins at block 200 upon reading an input binary  vector (ro, r1, r2 .....
), where each rj is a binary value for  the jth item in the received input
vector. The decoder 12  initializes (at block 202) j to zero. A section of
the input!  vector (r j , r j+l, ... , rj+33) f or a given j i s compared
with the  resynchronization symbol (RS=1000000000100000000001000-
000000001) to determine (at block 206) the Hamming distance  between the
two, which is the number of bit locations in each  vector that differ. if
(at block 206) the determined Hamming  distance between the section of the
input vector (rj, rj+1,  .  , rj+le) and the resynchronization symbol
(RS=1000000000100000000001000000000001) is zero, then the  



considered section of the input vector (rj, r;+1, ... , rj+33) 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 (rj, rj+1, . . . ,
rj+33) and  the resynchronization symbol (RS), resulting in the vector
(eo, e1, . . . , e33) At block 212, the variable M is determined as the
number of  bit values in the input vector (rj, rj+1, . . . , rj+33 ) that
are one.  The vector W is determined (at block 214) of (io, il, .... iM_1),
such that ik is the offset into the considered section of the  input vector
(rj, rj+1, . . . , rj+33) of the kth value of one. For  instance, for the
vector 10101, io is 0, it is 2, and i2 is 4.  If (at block 216) ( (iM_1
-io) + 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, eo and e,,_1 are set (at block 230) to 0 and ek ' is set to  1 for
1 s k 5 (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 1 8 JUL 2006  WO 03/056557 PCT/EP02/14563 - 15
proceeds to block 208 to accept the input vector as the  resynchronization
symbol. Otherwise, j is incremented (at  block 228) by one and control
proceeds back to block 204 to  shift over in the received input vector by
one bit to consider  the next possible thirty four bits as the
resynchronization  mark. if (at block 224) the values in the W vector (io,
il, .... i.-I) are members of the set (0, 1, 32, 33), then  control
proceeds to block 208 to accept the considered vector  



as the resynchronization mark. Otherwise, control proceeds to  block 228 to
consider the next possible resynchronization mark  .in the received input
vector. if (at block 216) ( (i M_1 -io) +  1) is not M and if (at block
218) (iM_1 -io) is M, then control  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 (r0, rl,
r2....) 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
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 (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
decoder 12  is interpreting the data properly. 1 8 JUL 2006 WO 03/056557
PCT/EP02/14563  - 16  Additional Implementation Details The preferred
embodiments may be implemented as a method,  apparatus or article of
manufacture using standard programming  and/or engineering techniques to
produce software, firmware,  hardware, or any combination thereof. The term
"article of  



manufacture" as used herein refers to code or logic  implemented
in.hardware logic (e.g., an integrated circuit  chip, Field Programmable
Gate Array (FPGA), Application  Specific Integrated Circuit (ASIC), etc.)
or a computer  readable medium (e.g., magnetic storage medium (e.g., hard
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 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/O) devices or other
storage devices, e.g., optical tape, magnetic tape, magnetic  disk, etc. 1
8 JUL 2006 WO 03/056557 PCT/EP02/14563 - 17  In the described
implementation, the preferred algorithms were  shown based on an EPR4
system. In alternative implementations,  the algorithms can be modified to
be used in PR4 and EZPR4 systems using the same technique of identifying
error  



propagation next to the isolated peaks of the synchronization  and
resynchronization marks. In the described implementations, described
implementations  assumed that data was encoded using as 16/17 code for
which  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 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 1 8 JUL
2006 WO 03/056557 PCT/EP02/14563 - 18  data provide a complete description
of the manufacture and use  of the composition of the invention. Since many
embodiments of  



the invention can be made without departing from the spirit  and scope of
the invention, the invention resides in the  claims hereinafter appended. 1
8 JUL 2006 -19- CLAIMS  1. A binary data stream comprising a unique bit
shift tolerant synchronization mark pattern for marking the beginning of a
block of encoded binary data wherein: the encoding of the data is effected
with an RLL 16/17  rate, wherein each codeword contains a peak 010, starts
and ends  with no more than three zeros and three ones and does not
contain the two patterns 101010101 and 010101010; and the synchronization
mark comprises the bit pattern  01000100001010001. 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 claim 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. [ R:`.LIBCC] 0513 6.doc:gmm 



1 8 JUL 2006 -20 8. A computer program loadable into the internal memory of
a  digital computer system and comprising software code portions  for
performing the method according to any one of the claims 5  to 7 when said
program is run on said computer. 9. A computer program product comprising a
computer-usable  medium embodying program instructions executable by a
computer,  said embodied program instructions comprising means to implement
the method according to any one of the claims 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  1 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. [R:\.LIBCC]05I36.doc:gmm 


