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Previously-proposed systems of this type have at least two drawbacks which
will be discussed in This invention relates to error correction of
greater detail hereinafter. Firstly, it is possible that ta, and in
particular to decoders for product       further errors may be introduced
during error cor- codes and methods of decoding such codes.       5
rection or that not all of the errors are corrected. In In order to detect
and correct an error which    the above-described previously-proposed
systems, has occurred in data when the date is transmitted    error
detection is done before error correction. A along a transmission path or
recorded on a record-   second problem of some systems of this kind is ing
medium, it is known to add an error correcting   that the processing time
for generating the error code and an error detecting code. to the data that
is  10  detecting code is too long. to be transmitted or recorded.
According to this         European Patent Application No. EP-A-0 156
technique, an error correcting code, such as a b-    440 and European
Patent Application No. EP-A-O adjacent code, a Reed Solomon code or the
like, to   129 324 describe prior art error correction and be used to
correct data errors occurring in a pre-   detection systems. determined
quantity of transmitted or recorded   15     According to a first aspect of
this invention data, Is generated and then added to the predeter-  there is
provided a decoder for decoding a product mined quantity of data to be
transmitted or re-      code which is formed from a predetermined quan-
corded. An error detecting code is then generated    tity of data, an error
correcting code for correcting from the error correcting code and the
predeter-     possible errors in said predetermined quantity of fined
quantity of data to be transmitted or re-   20   data, and an error
detecting code for detecting corded. The data is added to the
thus-generated      possible errors in said predetermined quantity of error
correcting code and the error detecting code,  data, said decoder
comprising: and the sum is supplied to the transmission path or     error
correcting means for correcting said pos- the recording medium.
sible errors in said predetermined quantity of data The data with the error
correcting code and the   25   and in said error detecting code on the
basis of error detecting code which is received via the       said product
code; and transmision path or is reproduced from the record-       error
detecting means operable to receive the ing medium undergoes the following
data process-     predetermined quantity of error corrected data from ing
to correct a possible error which may appear     said error correcting
means and to check for possi- therein. Specifically, the possible errors in
both the   30   ble errors in said predetermined quantity of error data
received and the error correcting codes added   corrected data by using
said error detecting code; to this data are checked by using the error
detect-     said decoder being characterised by: ing code. When a data
error is detected by means        means for ending the error correction
process- of the above-mentioned checking process, the error  ing of said
possible errors by said error correcting is corrected by using the
aforementioned error   35   means in response to an external data request
correcting code. In other words, the error detecting  signal; code in this
case is used to check for the existence    said error detecting means being
operable to of an error in the received data before the data is  receive
the predetermined quantity of error cor- absequently error-corrected.
rected data from said error correcting means in Further, a so-called
product code has previous-  40  response to said data request signal; and
ly been proposed to correct possible errors in the      means for
outputting said predetermined quan- data. In forming this product code, a
predetermined  tity of error checked data when no errors are quantity of
data is arranged in a rectangular array  detected by said error detecting
means. According and error correcting codes are generated for the     to a
second aspect of this invention there is pro- data in row and column
directions of the rectangu-   45   vided a method of decoding a product
code which lar array. The known Reed Solomon code can be        is
generated for correcting possible errors in a employed as this error
correcting code, by way of    predetermined quantity of data associated
with an example. The above-mentioned data and error cor-     error
detecting code for detecting possible errors In recting codes are
transmitted sequentially along     said predetermined quantity of data, the
method the transmission path or to the recording medium    so  comprising
the steps of: in a predetermined order. The data with the error
correcting said possible errors in said predeter- correcting code which has
been received via the      mined quantity of data and said error detecting
transmission path or from the recording medium is    code on the basis of
said product code; and arranged once again in a rectangular array, and
error-checking by using said error detecting each error correcting code
generated for the data  55  code associated with said predetermined
quantity in the row and column directions of the rectangular  of error
corrected data; array is used to correct possible data errors.          the
method being characterised by: ending the error correction process in re- 2



3                 EP 0 229 698 B1                     4 sponse to an
external data request signal;          cessed with the data to produce the
parity code of carrying out the error-checking step upon re-   the
corresponding data block. A decoder for the ceipt of said data request
signal; and              code corrects errors on the basis of the parity
outputting said predetermined quantity of error  codes but, upon receipt of
a data request signal, corrected data when no error is detected.      5
error correction is interrupted and the required data Preferred embodiments
of this invention, to be  is output as long as no error is detected on the
described in greater detail hereinafter, provide a  basis of the error
detecting code. decoder which is suitable for error correcting digital  The
invention will now be described by way of signals.
example with reference to the accompanying draw- An error detecting code
for detecting a possi-  10  ings, in which: ble error in a predetermined
quantity of data to be   Figure 1 is a diagrammatic representation of the
transmitted or recorded is generated and then ad-     arrangement of a
product code which can be ded to such data. In order that the sum of this
data  used in an embodiment of the present invention; and the error
detecting code may just form a          Figure 2 is a block diagram of an
error correct- rectangular array, the quantities of this data and the   is
ing code generator for co-producing an error error detecting code are
firstly determined. This     detecting code, according to an embodiment of
data with the error detecting code is then arranged   the present
invention; in a rectangular array and the error correcting       Figure 3
is a block diagram showing a decoder codes are generated for the data in
the row and       according to an embodiment of the present in- column
directions of the rectangular array thereby   20  vention; and to form a
so-called product code.                     Figure 4 is a flow chart to
which reference will When this product code is formed, the data of      be
made in explaining the decoding operation of each row in the row direction
of the rectangular      the decoder shown in Figure 3. array is supplied
sequentially to an error correcting  Figure 1 shows an arrangement of a
product code generator so as to generate an error correct-  26    code. The
quantity of product code data is chosen ing code for every row. At the same
time, the data  in consideration of the capacity of the recording of each
row is supplied sequentially to an error    medium, for example the data
may be recorded on detecting code generator. When the last digit of the  a
floppy disc or magneto-optical disc used as predetermined quantity of data
to be transmitted or  computer mass storage. Specifically, a disc-shaped
recorded is supplied to the error detecting code   30  recording medium
used for computer mass storage generator, a unique error correcting code is
gen-   may be segmented into a plurality of sectors; for erated. The data
in the last row of the rectangular  example, the standard quantity of data
recorded in array and the error detecting code which is located  each
sector may be selected to be 512 bytes. in the last row of the rectangular
array are then   Accordingly, in this embodiment of the invention, supplied
to the error correcting code generator  35  512 bytes of data is taken as
the fundamental unit thereby to generate a last error correcting code in
and the product code is formed in part by data that the row direction. When
the decoding is carried out  is an integer multiple of the fundamental data
unit by using the product code, the error correction     (512 bytes). In
Figure 1, 512 bytes are selected as process is ended in response to the
acceptance of   the quantity of data that is used to make up the an
external data request signal. The error corrected   40   product code, by
way of example. data is then checked for data error by using the       The
product code shown in Figure 1 consists error detecting code. When no data
error is de-     of a data portion and a parity portion. The data tected,
the error-corrected and error-checked data  portion is formed of 512 bytes
of data [err] to is output.                                         be
transmitted or recorded, 12 bytes of additional The decoder thus
accomplishes error detection   45  data [err]that  may be indicative of a
track after error correction. Furthermore, the processing  number and a
sector number showing the recorded time for generating the error detecting
code  is    position of the 512 bytes of data on the disc- greatly reduced
because it is generated simulta-    shaped recording medium, or other data
identifying neously with the error correcting code.             information
and the like, and a 4-byte error detect- According to the preferred
embodiments, a   so  ing code EDC generated to detect possible error in
product code arranged in a rectangular array is    the 524 bytes of total
data (namely, the 512 bytes formed of a data portion comprising data bytes,
an  of data plus the 12 bytes of additional data). The error detecting
code, and parity portions. A gener-  total of 528 bytes of the data portion
is arranged as ator for the product code includes a RAM (random    a
rectangular array in which the colums are formed access memory) for storing
the data and parity  55  of 11 bytes each and the rows are formed of 48
codes. The error detecting code is generated at the  bytes each. 



same time as the parity code, thereby reducing the     With respect to the
row direction of this rectan- processing time. The error detecting code is
pro-   gular array, there is formed a first error correcting 3    5
EP0229698B1                         6 code [err]for example, a (52, 48)
Reed Solomon          The[err]parity generator circuit 2 is supplied code),
whereas, with respect to the column direc-  sequentially with the data
forming each row and is tion, there is formed a second error correcting
arranged to generate the[err] parity for the data that code C2 (for
example, a (13, 11) Reed Solomon        makes up the row. The[err]parity
generator circuit 2 code), thereby forming the parity portion of the   5
is also supplied with the address signal from the product code. In this
embodiment, after error cor-  address generator circuit 4. Hence, on the
basis of rection of data has been carried out by using the  the address
signal supplied thereto, the[err]parity first and second error correction
codes [err]      generator circuit 2 Identifies each section between that
in part make up the product code, possible    the data forming the
respective rows. In this way, a errors in the error-corrected  data are
finally  10   [err] parity code is generated at the end of the data checked
by using the error detecting code EDC.      making up each row. The codes
generated respec- Consequently, even when an error correction has    tively
by the[err] parity generator circuit 2 and the been carried out
erroneously, the existing error can  error detecting code generator circuit
3 are stored be detected positively by this error detecting code  in the
RAM 1. so that only correct data will be decoded and   15     When the data
of the last row [err]of the output.
rectangular data array is supplied to the error de- Figure 2 is a block
diagram showing an error    tecting code generator circuit 3, an output
signal correcting code generator for generating the afore-  from the end
address detector 5 for detecting the mentioned product code, and in which a
generator   last data byte (err) causes the error detecting circuit for
generating the[err]parity and a generator  20  code generator 3 to output
the error detecting code circuit for generating the error detecting code
EDC  EDC and store it in the RAM 1 and also supply it are operated
simultaneously, thereby to reduce the  through the OR gate 6 to
the][err]parity generator time required to generated the respective codes.
circuit 2. When the[err]parity generator circuit 2 is Referring to Figure
2, a RAM (random access     supplied with the data used to generate the
error memory) data buffer 1 is arranged to store the   25  detecting code
EDC in the last row, the[err]parity predetermined quantity of data (for
example, the   generator circuit 2 generates the last[err]parity
data[err]shown in Figure 1), the respective     code for the data of the
last row on the basis of parities [err] generated on the basis of this
this error detecting code EDC which is then sup- data and the error
detecting code EDC. A [err] parity  plied to the RAM 1. generator circuit 2
generates the error correcting   30  In summary, as described above, in the
error code [err] and an error detecting code generator 3     correcting
code generator circuit, when the trans- generates the error detecting code
EDC. An ad-      mitted or recorded data and the error detecting dress
generator circuit 4 generates an address      code used to detect possible
errors in this data are signal which is supplied to the RAM 1. An end
formed as the product code in a rectangular array, address detector circuit
5 also receives the ad-   35  the data of each row of the rectangular array
is dress signal from the address generator circuit 4   supplied to the
[err] parity generator circuit 2 as one and instructs the error detecting
code generator 3  unit of data. The [err] parity generator circuit 2 then
to deliver the unit of data (for example, 512 bytes  generates the error
correcting code to produce the data) necessary to generate the error
detecting    [err] parity code for the data of each row. The data code from
the RAM 1 to the error detecting code   40  of each row is simultaneously
supplied in sequen- generator 3. The outputs of the RAM 1 and the      tial
order to the error detecting code generator error detecting code generator
3 are supplied to   circuit 3. When the error detecting code generator
the[err] parity generator circuit 2 via an OR gate 6.  circuit 3 is
supplied with the data located at the last With the circuit arrangement of
Figure 2, the   row, the generator circuit 3 generates the error C, parity
and the error detecting code EDC are  45  detecting code EDC. This error
detecting code generated as follows. On the basis of the address   EDC is
stored in the RAM 1 and thereby EDC. This signal generated from the address
generator circuit  error detecting code EDC is stored in the RAM 1 4, the
data making up each row of the rectangular   and thereby added to the
transmitted or recorded array is read out sequentially from the RAM 1 and
data. Also, this error detecting code EDC Is sup- fed through the OR gate 6
to the[err] parity gener-  50  plied to the[err] parity generator circuit 2
which then ator circuit 2. The data forming each row of the    generates
the last[err]parity for all of the last row rectangular array is also
sequentially supplied di-  data (including the error detecting code EDC).
Fur- rectly to the error detecting code generator 3. In  ther, although not
shown in Figure 2, the[err] parity 



this embodiment, a CRC (cyclic redundancy check)    code for the data in
each column is generated by a code is employed as the error detecting code
EDC.  65   method similar to that described with reference to
Alternatively, an error correcting code may be em-  the[err] parity code.
ployed as the error detecting code.                    As described above,
since the[err]parity gener- ator circuit 2 and the error detecting code
gener- 4    7                 EP 0 229 698 B1                     8 ator
circuit 3 function simultaneously, the process-   Referring to Figure 3,
there is provided a RAM ing time for generating the error detecting code
(random access memory) 11 which stores product- EDC can be reduced as
compared with the            coded data. This product-coded data is formed
of previously-proposed systems in which the [err] par-   the transmitted or
recorded data [err] an error ity generator circuit and the EDC generator
circuit   5   detecting code EDC used to detect possible errors are
operated sequentially.                          in this data and the error
correcting codes [err] Figure 3 is a block diagram showing a decoder   that
are generated for each of the row and column that is used to decode the
above-mentioned prod-    directions of the rectangular array formed of the
uct code so as to generate decoded data.           above-mentioned data and
the error detecting code In some previously-proposed decoders, when a   10
EDC, for example as shown in Figure 1. The write data request signal
arrives during error correction  address and the read address for the RAM
11 are processing, the data cannot be transmitted until the  generated from
a RAM address control circuit 12. error correction processing has ended.
This causes  The product-coded data read out of the RAM 11 Is the accessing
time of the data storage apparatus to  supplied through an I/O
(inpu/output) control circuit become too long. The decoder of the
embodiment  15  13 to the error correcting circuit 14. The error of the
present invention shown in Figure 3 decodes  correcting circuit 14 performs
error correction by a product code which is formed of a predetermined
using the product code and the error-corrected quantity of data (such as
512 bytes), a data error  data is then supplied from the error correcting
detection code EDC, such as a cyclic redundancy     circuit 14 back through
the I/O control circuit 13 to check code, and an error correction code
[err] which   20  be stored again in the RAM 11. is generated and added
thereto.                        An error detecting circuit 15 checks for
any As illustrated in Figure 3, the decoder is pro-  possible errors which
may be contained in the vided with an error correcting circuit 14 for
error-  error-corrected data by carrying out a CRC code correcting the data
by using the error correcting   calculation using a generating polynomial.
Then, code until an external data request signal Px for  25  the error
detecting circuit 15 generates an error commanding transmission of data
from the decoder     pulse Ep which corresponds to the presence or is
applied to the decoder at a terminal 10. An error  absence of the possible
error. For instance, the detecting circuit 15 using, for example, a CRC
error pulse Ep may become low in level when no (cyclic redundancy check)
code carries out the      possible error exists and become high in level
error detection by using the error detecting code   30  when a possible
error exists. This error pulse Ep is EDC after the above-mentioned data
request signal   delivered to an output terminal 18 in order to Rx has been
supplied to the decoder or after the    request data re-transmission, and
is also supplied error correction by the error correcting circuit 14  to an
output control circuit 16 in order to prevent has ended.
the output control circuit 16 from sending error In this decoder. data
reproduced from a disc-  35  data via an output terminal 17. shaped medium
such as a magneto-optical disc or        The data which has been
error-checked by the the like is error-corrected by the error correcting
error detecting circuit 15 is delivered through the code that makes up the
product code, the error-     output control circuit 16 to the output
terminal 17 corrected data is error-detected by the error de-   when no
error is detected. As mentioned above, tecting code EDC and then the
error-corrected data  40  the output control circuit 16 Is controlled by
the is transmitted to further circuitry (not shown) such  error pulse Ep.
Accordingly, when no error is de- as a drive controller, a host processor
or the like, in  tected by the error detecting circuit 15 and the response
to the external data request signal Rx.    error pulse Ep is low in level,
the data is delivered When the data request signal Rx is received by the
through the output control circuit 16 to the output decoder during error
correction processing, the de-  45  terminal 17. On the other hand, when an
error is coder is switched from the error correcting opera-  detected by
the error detecting circuit 15, the error tion mode to the error detecting
operation mode. In  pulse Ep Is high in level, and the output control this
case, the error correction processing already  circuit 16 is turned off so
that the data is inhibited performed is treated as being effective. Then, a
from being transmitted and the data re-transmis- predetermined quantity of
data, which is thus error-  so  sion request signal is formed in response
to the 



corrected at that time, is checked for error by the  error pulse Ep. error
detecting code EDC and the error-checked         An error correction end
signal Pe is generated data is supplied to the drive controller, the host
from the error correcting circuit 14. This error cor- processor or the like
(not shown) in response to the  rection end signal Pe is supplied to one
input of an external data request signal Rx supplied to the  55   OR gate
19 whose other input Is supplied with the decoder. Accordingly, it is
possible for the decoder  data request signal Rx from the input terminal
10. to deliver the data immediately after it has received  The output from
the OR gate 19 is supplied to the the data request signal Rx.
I/O control circuit 13. 5    9                  EP 0 229 698 B1
10 The product-coded data is stored in the RAM       error correction end
signal Pe or the data request 11 so that when the decoder starts its
decoding      signal Rx has been received by the decoder. If operation, the
I/O control circuit 13 is allowed  to.  either of the signals Pe or Rx has
been received, apply the product-coded data derived from the      the error
correction process is finished or stopped, RAM  11 to the error correcting
circuit 14. There-   5   and the program goes to a step 6. At the step 6,
after, when the error correction end signal Pe is    the error-corrected
data and the error detecting generated from the error correcting circuit 14
or the  code EDC are read out of the RAM 11. Next, at a data request signal
Rx is supplied through the OR     step 7, this error detecting code EDC is
used to gate 19 to the I/O control circuit 13, the I/O control  check
whether or not the error-corrected data con- circuit 13 is enabled to
supply to the error detect-  to  tains a possible error. If it is
determined at the step ing circuit 15 the error-corrected data that is
stored  7 that a possible error exists in the error-corrected in the RAM
11. The error detecting circuit 15        data, a signal is generated which
requests that the carries out the aforementioned error detecting op-
same product-coded data be transmitted again. If, eration and generates the
error pulse Ep when an      on the other hand, no error is detected at the
step error is detected.                               is  7, the
error-corrected data is delivered at a step 8 The decoder can switch its
operation mode         and the program is ended. from the error correction
mode to the error detec-       If it is determined at the step 5 that
neither the tion mode In response to the error correction end     error
correction end signal Pe nor the data request signal Pe. Alternatively,
the decoder may switch its  signal Rx is being received by the decoder, the
operation mode from the error correction mode to   20   block numbers (n
and m) are each incremented by the error detection mode when the data
request        one at a step 9, and the processing steps 3, 4 and signal Rx
is supplied thereto. When the data re-      5 are repeatedly executed for
incrementing block quest signal Rx is received, even if the error cor-
numbers. Accordingly, the data of the C1 block recting operation is not yet
finished, the decoder    series and the C2 block series are alternately
error- switches its mode to the error detection mode. In  25   corrected in
the sequential order of [err] both cases, when the error detection is
carried out       [err] and no errors in the data are detected, such error
When it is determined at the step 2 that the free data is output at the
terminal 17 and then       data of the column block [err] which is the
decod- delivered to the host processor, the drive controller  ing start
series, cannot be error-corrected because or the like (not shown).
30  it contains two or more error symbols, the data of Figure 4 is a flow
chart to which reference will  the other row block C[err]is error-corrected
as the be made in explaining one example of the decod-       decoding start
series, at a step 10. After the error ing processing of the decoder shown
in Figure 3. In   correction of the data of the row block [err] at the the
flow chart of Figure 4, Y represents "Yes" and    step 10, the program goes
to a step 11 at which N represents "No". Further,[err] refers to an n-th
35  the block number m is incremented by one. There- column block of the
product code and [err] refers to    after, the program goes to the
above-mentioned an m-th row block of the product code, respec-        step
3 at which the data of the column block [err] Is tively. The predetermined
column block [err] or the     error-corrected. Accordingly, in this case,
the data redetermined row block [err] assumes  a block         of the C1
block series and the data of the C2 block series from  which the decoding
is started. For   40  series are alternately error-corrected in the sequen-
example, if [err] is taken as the start block of the    tial order of [err]
error correction processing, the data of the column      It is possible to
use codes other than the Reed block [err] and the row block[err] used for
the error    Solomon code as the error correcting code. For correction are
read out from the RAM 11 at a step     example, when one symbol is formed
of one bit, it 1. Then, in response to the syndrome using the C2   45  is
possible to employ a BCH (Bose-Chaudhuri- parity, a check is performed
whether or not the       Hocquenghem) code. Further, codes other than the
data of the column block [err] can be error-cor-        CRC code can be
used as the error detecting code 



rected at a step 2. When no symbol error exists or    EDC. one symbol error
exists, the program goes to error correction processing for the data of the
column   50   Claims block [err] at a step 3. The error correction is
carried out by using, for example, the Reed Solo-     1. A decoder for
decoding a product code which mon code. If no error exists, the error
correction at    is formed from a predetermined quantity of the step 3 is
not carried out.                           data, an error correcting code
(err) for correct- Next, the data of the row block[err]is error-  55    ing
possible errors in said predetermined checked by using the C, parity. If
the data contains     quantity of data, and an error detecting code any
error, the data error is corrected at a step 4. A    (EDC) for detecting
possible errors in said pre- check is performed at a step 5 whether or not
the        determined quantity of data, said decoder 6    9
EP 0 229 698 B1                    10                     *  C  L  M  S  *
The product-coded data is stored in the RAM     error correction end signal
Pe or the data request 11 so that when the decoder starts its decoding
signal Rx has been received by the decoder. If operation, the I/0 control
circuit 13 is allowed to  either of the signals Pe or Rx has been received,
supply the product-coded data derived from the      the error correction
process is finished or stopped, RAM 11 to the error correcting circuit 14.
There-   5   and the program goes to a step 6. At the step 6, after, when
the error correction end signal Pe is  the error-corrected data and the
error detecting generated from the error correcting circuit 14 or the  code
EDC are read out of the RAM 11. Next, at a data request signal Rx is
supplied through the OR   step 7, this error detecting code EDC is used to
gate 19 to the I/O control circuit 13, the I/O control  check whether or
not the error-corrected data con- circuit 13 is enabled to supply to the
error detect-  io  tains a possible error. If it is determined at the step
ing circuit 15 the error-corrected data that is stored  7 that a possible
error exists in the error-corrected in the RAM  11. The error detecting
circuit 15     data, a signal is generated which requests that the carries
out the aforementioned error detecting op-  same product-coded data be
transmitted again. If, eration and generates the error pulse Ep when an
on the other hand, no error is detected at the step error is detected.
is  7, the error-corrected data is delivered at a step 8 The decoder can
switch its operation mode       and the program Is ended. from the error
correction mode to the error detec-     If it is determined at the step 5
that neither the tion mode in response to the error correction end   error
correction end signal Pe nor the data request signal Pe. Alternatively, the
decoder may switch its  signal Rx is being received by the decoder, the
operation mode from the error correction mode to  20  block numbers (n and
m) are each incremented by the error detection mode when the data request
one at a step 9, and the processing steps 3, 4 and signal Rx is supplied
thereto. When the data re-   5 are repeatedly executed for incrementing
block quest signal Rx is received, even If the error cor-  numbers.
Accordingly, the data of the C1 block recting operation is not yet
finished, the decoder  series and the C2 block series are alternately
error- switches its mode to the error detection mode. In  25  corrected in
the sequential order of [err] both cases, when the error detection is
carried out    [err] and no errors in the data are detected, such error
When it is determined at the step 2 that the free data is output at the
terminal 17 and then     data of the column block[err] which is the decod-
delivered to the host processor, the drive controller  ing start series,
cannot be error-corrected because or the like (not shown).
30  it contains two or more error symbols, the data of Figure 4 is a flow
chart to which reference will  the other row block[err] is error-corrected
as the be made in explaining one example of the decod-    decoding start
series, at a step 10. After the error ing processing of the decoder shown
in Figure 3. In  correction of the data of the row block [err]at the the
flow chart of Figure 4, Y represents "Yes" and  step 10, the program goes
to a step 11 at which N represents "No". Further,[err] refers to an n-th
35  the block number m is incremented by one. There- column block of the
product code and [err] refers to  after, the program goes to the
above-mentioned an m-th row block of the product code, respec-     step 3
at which the data of the column block[err] is tively. The predetermined
column block [err] or the   error-corrected. Accordingly, in this case, the
data redetermined row block[err]assumes a block          of the C1 block
series and the data of the C2 block series from which the decoding is
started. For  40  series are alternately error-corrected in the sequen-
example, if[err] is taken as the start block of the  tial order of [err]
error correction processing, the data of the column    It is possible to
use codes other than the Reed block [err] and the row block [err] used for
the error  Solomon code as the error correcting code. For correction are
read out from the RAM 11 at a step  example, when one symbol is formed of
one bit, it 



1. Then, in response to the syndrome using the C2   45  is possible to
employ a BCH (Bose-Chaudhuri- parity, a check is performed whether or not
the     Hocquenghem) code. Further, codes other than the data of the column
block [err]can be error-cor-      CRC code can be used as the error
detecting code rected at a step 2. When no symbol error exists or  EDC. one
symbol error exists, the program goes to error correction processing for
the data of the column   50  Claims block[err] at a step 3. The error
correction is carried out by using, for example, the Reed Solo-   1. A
decoder for decoding a product code which mon code. If no error exists, the
error correction at  is formed from a predetermined quantity of the step 3
is not carried out.                         data, an error correcting code
(err) for correct- Next, the data of the row block [err] is error-  55
ing possible errors in said predetermined checked by using the[err]parity.
If the data contains   quantity of data, and an error detecting code any
error, the data error is corrected at a step 4. A  (EDC) for detecting
possible errors in said pre- check is performed at a step 5 whether or not
the      determined quantity of data, said decoder 6    comprising:
data and said error detecting code (EDC) on error correcting means (14) for
correcting      the basis of said product code; and said possible errors in
said predetermined             error-checking (steps 6, 7) by using said
quantity of data and in said error detecting         error detecting code
(EDC) associated with code (EDC) on the basis of said product code;   6
said predetermined quantity of error corrected and
data; error detecting means (15) operable to re-         the method being
characterised by: ceive the predetermined quantity of error cor-
ending (step 5) the error correction pro- rected data from said error
correcting means        cess in response to an external data request (14)
and to check for possible errors in said  10   signal (Rx); predetermined
quantity of error corrected data         carrying out the error-checking
step (steps by using said error detecting code (EDC);           6, 7) upon
receipt of said data request signal said decoder being characterised by:
(Rx); and means (13, 19) for ending the error correc-         outputting
(step 8) said predetermined tion processing of said possible errors by said
15  quantity of error corrected data when no error error correcting means
(14) in response to an      Is detected. external data request signal (Rx);
said error detecting means (15) being op-   Patentansprl che erable to
receive the predetermined quantity of error corrected data from said error
correcting   20  1. Dekoder zum  Dekodieren eines Produkt-Ko- means (14) in
response to said data request         des, der aus elner vorbestimmten
Menge von signal (Rx); and                                    Daten einem
Fehlerkorrektur-Kode (Ci) zum means (16) for outputting said predeter-
Korrigieren m6glicher Fehler in der vorbe- mined quantity of error checked
data when no       stimmten  Menge  von  Daten  und  einem errors are
detected by said error detecting   25    Fehlererfassungs-Kode (EDC) zum
Erfassen means (15).                                         m6glicher
Fehler in der vorbestimmten Menge von Daten gebildet ist, welcher Dekoder
um- 2. A decoder according to claim 1, wherein said        fact: error
correcting code (Ci) is a Reed Solomon           ein Fehlerkorrekturmittel
(14) zum Korrigie- code.                                      30       ren
der m6glichen Fehler in der vorbestimm- ten Menge von Daten und in dem 3. A
decoder according to claim 1 or claim 2,          Fehlererfassungs-Kode
(EDC) auf der Grundla- wherein said error detecting code (EDC) is a
ge des Produkt-Kodes und cyclic redundancy check code.
ein Fehlerfassungsmittel (15), das wirksam 35     ist, um die vorbesimmte
Menge von fehlerkor- 4. A decoder according to claim 1 or claim  2,
rigierten Daten aus dem Fehlerkorrekturmittel wherein said error detecting
code (EDC) is a        (14) zu empfangen und urn auf m6gliche Feh- Reed
Solomon code.                                  ler in der vorbestimmten
Menge von fehlerkor- rigierten   Daten   durch   Benutzen   des 5. A
decoder according to any one of claims 1 to  40   Fehlererfassungs-Kode
(EDC) zu prlfen, 4, wherein said predetermined quantity of data
welcher Dekoder gekennzelchnet ist is 512 bytes of data.
durch ein Mittel (13, 19) zum Beenden der 



Fehlerkorrekturverarbeitung  der  moglichen 6. A decoder according to any
one of claims 1 to       Fehler durch das Fehlerkorrekturmittel (14) in 5,
wherein said error detecting means (15) is  45   Reaktion auf ein externes
Datenanforderungssi- operable to generate a product code data re-
gnal transmission request signal (Ep) when an error         wobei das
Fehlererfassungsmittel (15) be- Is detected by said error detecting means
(15)      treibbar ist, urn die vorbestimmte Menge von using said error
detecting code (EDC).              fehlerkorrigierten Daten aus dem
Fehlerkorrek- 50    turmittel (14) in Reaktion auf das Datenanfor- 7. A
method of decoding a product code which is        derungssignal (Rx) zu
empfangen, und generated for correcting possible errors In a          ein
Mittel (16) zum Ausgeben der vorbe- predetermined quantity of data
associated with      stimmten Menge von fehlergeprOften Daten, an error
detecting code (EDC) for detecting         wenn keine Fehler durch das
Fehlererfas- possible errors in said predetermined quantity  55  sungsmitel
(15) erfal~t sind. of data, the method comprising the steps of: correcting
(steps 1 - 3, 10, 11) said possi-  2. Dekoder nach Anspruch 1, bei dem  der
ble errors in said predetermined quantity of        Fehlerkorrektur-Kode
(Ci) ein Reed Solomon- 7    13                EP 0 229 698 Bt
14     1111111  1111    !  ! Kode ist.
(EDC) destine a detecter des erreurs 6ventuel- les dans ladite quantite
pr~ddterminde de don- q. Dekoder nach Anspruch 1 oder 2, be! dem der
n~es, ledit d~codeur comprenant: *~' Fehlererfassungs-Kode (EDC) ein
zyklisch 6e-           un moyen de correction d'erreur (14) pour dundanter
PrUf-Kode lst.                   5       corriger lesdites errours
6ventuelles dans ladite quantlt6 predktermin~e de donn~es et dans 4.
Dekoder noch Anspruch 1 oder 2, bei dem der        ledit code de detection
d'erreur (EDC) sur la Fohlererfassungs-Kode  (EDC)  ein  Reed
base dudit code produit ; et Solomon-Kode ist.
un moyen de d~tectlon d'erreur (15) qul 10     fonctionne pour recevoir la
quantit4 prdddter- 5. Dekoder nach einem der AnsprUche 1 bis 4,
minee de donndes & erreurs corrigdes en pro- bel dem die vorbestimmte Menge
von Daten           venance dudit moyen de correction d'erreur 512 Bytes
von Daten betragt.                       (14) et pour effectuer un contr81e
d'erreurs dventuelles dans ladite quantit6 pr6d6terminde 6. Dekoder nach
einem der AnsprUche 1 bis 5,  15       de donndes a erreurs corrigies en
utilisant bei dem des Fehlererfassungsmittel (15) be-       ledit code de
d6tection d'erreur (EDC); treibbar   ist,   um     ein    Produkt-
ledit decodeur 6tant caract~ris6 par: Kodedatenr~ckUbertragungs-
un moyen (13, 19) pour mettre fin au trai- Anforderungssignal (Ep) zu
erzeugen, wenn ein     tement de correction d'erreur desdites erreurs Ky
Fehler durch das Fehlererfassungsmittel (15)  20     eventuelles par ledit
moyen de correction d'er- erfalt !st, das den  Fehiererfassungs-Kode
reur (14) en reponse a un signal de requOte de (EDC) benutzt.
donndes externe (Rx); ledit moyen de d6tection d'errour (15) pou- 7.
Verfahren zum Dekodieren eines Produkt-Ko-          vant fonctionner pour
recevoir la quantit6 pre- des, der zum Korrigieren m6glicher Fehler in  25
ddtermin~e de donn~es A erreurs corriges en elner vorbestimmten Menge von
Daten erzekygt       provenance dudit moyen de correction d'erreur wird,
denen ein Fohlererfassungs-Kode (ED.         (14) en r6ponse audit signal
de requbte de zum Erfassen m6glicher Fehler in der vorbe-        donndes
(Rx) ; et stimmten Menge von Daten zugeordnet ist,               un moyen
(16) pour 6mettre en sortie ladi- welches Verfahren Schritte umfaet zum
30      to quantitd pr~determinde de donn~es A or- Korrigieren (Schritte 1
- 3, 10, 11) der       reurs contr8l6es lorsqu'aucune erreur n'est d6-
m6glichen Fehler in der vorbestimmten Menge        tect~e par ledit moyen
de detection d'erreur von Daten und des Fehlererfassungs-Kodes
(15). (EDC) auf der Grundlage des Produkt-Kodes und
3s  2. D6codeur solon la revendication 1, dans lequel Fehlerpralfen
(Schritte 6, 7) durch Benut-     ledit code de correction d'erreur (CO) est
un zen des Fehlorerfassungs-Kodes (EDC), der          code Reed Solomon.
der vorbestimmten Menge von fehlerkorrigier- } ten Daten zugeordnet ist,
3. Ddcodeur solon la revendicatfon 1 ou 2, dans 



welches Verfahren gekennzelchnet ist  40        lequel ledit code de
d~tection d'errour (EDC) durch das Beenden (Schritt 5) des Fehlerkor-
ost un code de contr81e de redondance cycli- rekturprozesses in Reaktion
auf ein externes       que. Datenanforderungssignal (Rx), AusfUhren des
FehlerprUfschritts (Schritte  4. D6codeur solon la revendication 1 ou 2,
dans 6, 7) auf den Empfang des Datenanforderungs-  4s  lequel ledit code de
detection d'erreur (EDC) signals (Rx) hin und
est un code Reed Solomon. Ausgeben (Schritt 8) der vorbestimmten Menge von
fehierkorrigierten Daten, wenn .kein  5. D6codeur solon l'une quelconque
des revendi- Fehler erfaft ist.                                 cations 1 a
4, dans loquel ladite quantit6 pre- so      ddtormindo de donn~es est
constituee par 512 Revendlcaelons
octets de donn~es. 1. Ddcodour destind a d~coder un code produit      6.
Decodeur solon l'une quelconque des revendi- qui est form6 & partir d'une
quantite pr~ddter-    cations 1 a 5, dans lequel ledit moyen de min~e de
donn~es, d'un code de correction   s5     d6tection d'erreur (15) pout
fonctionner pour d'erreur (Ci) destine & corriger des erreurs       gen6rer
un signal de requbte de retransmis- 6ventuelles dans ladite quantite
pred~termin6e     sion de donn~as de code produit (Ep) lors- de donndes et
d'un code de d~tection d'erreur      qu'une erreur est d~tectee par ledit
moyen de 8    15                 EP 0229698 B1                      16
ddtection d'erreur (15) en utlilsant ledit code de d~tection d'erreur
(EDC). J 7. Proc~d6 de d~codage d'un code procdult qui est gqn~r6 pour
corriger des erreurs 6ventuel-   5 les dans une quantite pr~determin~e de
don- n~es associ6es a un code de ddtectlon d'er- reur (EDC) pour d6tecter
des erreurs 6ventuel- les dans ladite quantit pr~d~termin~e de don- n6es,
le proc6d6 comprenant les etapes de:  1o correction (6tapes 1-3, 10, 11)
desdites orreurs dventuelles dans ladite quantit6 pr~d6- terminee de
donndes et dans ledit code de d6tection d'erreur (EDC) sur la base dudit
code produit; et                           1S contr8le d'erreur (6tapes 6,
7) en utilisant ledit code de d6tection d'erreur (EDC) associe a ladite
quantitd pr~ddterminde de donndes & erreurs corrigdes; le procede 6tant
caracterise par:      20 I'arrOt (6tape 5) du processus de oorrec- tion
d'erreur en rdponse A un signal de requ8- to de donn6es externe (Rx); la
mise en oeuvre de l'etape de contr8le d'erreur (6tapes 6, 7) suite & la
rdception dudit  25 signal de requ~te de donnees (Rx); et 1'6mission en
sortie (etape 8) de ladite quantite pred6terminee de donnees a erreurs
corrigdes lorsqu'aucune erreur nWest detect~e. 30 35 40 45 55 9    


