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57 ABSTRACT

Methods and apparatus are provided for improved iterative
error-erasure decoding. A signal is decoded by obtaining a
plurality of symbols associated with the signal and one or
more corresponding reliability values; generating at least one
erasure list comprised of L symbols and at least one shortened
erasure list comprised of L' symbols, where L' is less than L;
and constructing an erasure set by taking erasures from at
least one of the erasure list and the shortened erasure list. A
signal is also processed by generating one or more reliability
values using a soft-output detector; generating an erasure list
of symbols by comparing the reliability values to at least one
reliability threshold value (or by sorting); and performing
error erasure decoding using the erasure list. The size of the
erasure list can optionally be adjusted using feedback infor-
mation.

15 Claims, 5 Drawing Sheets
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METHOD AND APPARATUS FOR ITERATIVE
ERROR-ERASURE DECODING

FIELD OF THE INVENTION

The present invention relates generally to magnetic record-
ing systems and, more particularly, to techniques for iterative
error-erasure decoding in such magnetic recording systems.

BACKGROUND OF THE INVENTION

Error correcting codes, such as Reed-Solomon codes, have
a wide range of applications in digital communications and
storage. Reed-Solomon codes, for example, add redundant
bits to a digital stream prior to transmission or storage, so that
a decoder can detect and possibly correct errors caused by
noise or other interference. Generally, a Reed-Solomon
encoder takes a block of digital data, comprising a sequence
of digital information bits, and interprets the data as a
sequence of information symbols. Each symbol comprises m
bits of the digital information sequence. The block of input
data comprises r such information symbols. The Reed-So-
lomon encoder produces p additional redundant symbols,
which are concatenated with the k information symbols to
form a codeword comprising n (equal to r plus p) symbols.

Errors occur during transmission or storage for anumber of
reasons, such as noise, interference, or defects on a storage
medium. A Reed-Solomon decoder processes each block and
attempts to correct errors and recover the original data. The
number and type of errors that can be corrected depends on
the characteristics of the Reed-Solomon code. In general, an
RS(n,r) decoder can correct any combination of up to T=p/2
corrupted symbols per codeword provided that the remainder
of the n symbols of the codeword are correct.

A Viterbi detector is typically used in a read channel of a
magnetic recording system to detect the read data bits in the
presence of intersymbol interference and noise. Thereafter, a
Reed-Solomon decoder is often applied to correct any errors
in the detected data and recover the original data. Nonethe-
less, a number of errors often remain. Thus, a number of
techniques have been proposed or suggested for performing
error-erasure Reed-Solomon decoding when such hard Reed-
Solomon decoding fails. Generally, an error-erasure Reed-
Solomon decoder evaluates reliability information associated
with the detected data and repeatedly performs error-erasure
decoding using the hard decision bits provided by the Viterbi
detector and an erasure list until there is no decoding error.
Such reliability information may be obtained, for example,
from a Soft-Output Viterbi Algorithm (SOVA).

While such proposed error-erasure decoding techniques
improve the performance of Reed-Solomon decoders, they
suffer from a number of limitations, which if overcome, could
lead to better error rate performance achievable by magnetic
recording systems. In addition, previous techniques for error-
erasure decoding are too complex for a practical implemen-
tation. A need therefore exists for improved techniques for
error-erasure decoding that improve the performance of mag-
netic recording systems with manageable hardware cost or
computational effort. An error-erasure decoding system
incorporating these improved techniques is referred to as
iterative error-erasure decoding system.

SUMMARY OF THE INVENTION

Generally, methods and apparatus are provided for
improved iterative error-erasure decoding. According to one
aspect of the invention, a signal is decoded by obtaining a
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2

plurality of symbols associated with the signal and one or
more corresponding reliability values; generating at least one
erasure list comprised of L symbols and at least one shortened
erasure list comprised of L' symbols, where L' is less than L;
and constructing an erasure set by taking erasures from at
least one of the erasure list and the shortened erasure list.

According to another aspect of the invention, a signal is
processed by generating one or more reliability values using
a soft-output detector; generating an erasure list of symbols
by comparing the reliability values to at least one reliability
threshold value; and performing error erasure decoding using
the erasure list. In a further variation, an erasure list can be
obtained by sorting the reliability values, and the size of the
erasure list can be optionally adjusted based on feedback
information.

A more complete understanding of the present invention,
as well as further features and advantages of the present
invention, will be obtained by reference to the following
detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a conventional
magnetic storage detection system employing concatenated
Viterbi detection and Reed-Solomon decoding;

FIG. 2 is a schematic block diagram of a conventional
error-erasure decoding system;

FIG. 3 is a schematic block diagram of an iterative error-
erasure decoding system incorporating features of the present
invention;

FIG. 4 is a flow chart describing an exemplary implemen-
tation of an iterative error-erasure decoding process that may
be implemented by the iterative error-erasure decoding sys-
tem of FIG. 3;

FIG. 5 illustrates the processing of symbols by the erasure
list generation process of F1G. 4;

FIG. 6 is a flow chart describing an exemplary implemen-
tation of an alternative iterative error-erasure decoding pro-
cess that may be implemented by the iterative error-erasure
decoding system of FIG. 3;

FIG. 7 illustrates the processing of symbols by the erasure
list generation process of FIG. 6;

FIG. 8 is a flow chart describing an exemplary implemen-
tation of a second alternative iterative error-erasure decoding
process that may be implemented by the iterative error-era-
sure decoding system of FIG. 3; and

FIG. 9 is a schematic block diagram further illustrating the
implementation of the iterative error-erasure decoding sys-
tem of FIG. 3 in a magnetic recording system.

DETAILED DESCRIPTION

FIG. 1 is a schematic block diagram of a conventional
magnetic storage detection system 100 employing concat-
enated Viterbi detection and Reed-Solomon decoding. As
shown in FIG. 1, a received signal is processed by a Viterbi
detector 110 that produces detected bits. The detected bits are
optionally converted to symbols by a bit-to-symbol converter
115 and the generated symbols are processed by a Reed-
Solomon decoder 120, in a known manner. For a more
detailed discussion of suitable conventional magnetic storage
detection systems 100, see, for example, Z. A. Keirn et el.,
“Use of Redundant Bits for Magnetic Recording: Single-
Parity Codes and Reed-Solomon Error-Correcting Code,”
IEEE Transactions on Magnetics, Vol. 40, 225-230 (January
2004).
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FIG. 2 is a schematic block diagram of a prior art error-
erasure decoding system 200. As shown in FIG. 2, a received
signal is initially processed by a SOVA detector 205 that
produces detected bits and corresponding bit reliability val-
ues. The reliabilities generated by the SOVA detector 205 can
be used by an outer decoder to improve the error rate perfor-
mance of the overall system, in a known manner. For a more
detailed discussion of suitable SOVA detectors, see, for
example, J. Hagenauer and P. Hoeher, “A Viterbi Algorithm
with Soft-decision Outputs and its Applications,” IEEE Glo-
bal Telecommunications Conference (GLOBECOM), vol. 3,
1680-1686 (November 1989).

The detected bits and corresponding bit reliability values
are optionally converted to symbols by a bit-to-symbol con-
verter 210. The bit-to-symbol converter 210 may derive sym-
bol reliability values from bit reliability values, for example,
by setting the reliability of a symbol equal to the reliability of
the least reliable bit within this symbol. The bit-to-symbol
converter 210 also groups sets of detected bits into detected
symbols, where each symbol comprises m bits.

An erasure list generation function 215 processes the sym-
bol reliability values to identify the most unreliable symbols.
For example, the erasure list generated by the erasure list
generation function 215 may comprise the L most unreliable
symbols in a sector on the hard disk drive. The erasure list
generation function 215 may generate the erasure list by
sorting the reliability values to identify the L most unreliable
symbols in a sector (L can be equal to 2, 3,. .., or 2T). The
computational effort associated with such sorting grows with
the sector size, and is often prohibitive.

An error-erasure Reed-Solomon decoder 220 repeatedly
performs error-erasure decoding using the hard symbol deci-
sions and combinations of erasures chosen from the erasure
list until there is no decoding error. For example, the iterative
error-erasure Reed-Solomon decoder 220 may decode itera-
tively with 0, 2, . . . L erasures (in any combination) until no
decoding error occurs. For a more detailed discussion of prior
art error-erasure Reed-Solomon decoding, see, for example,
L. Reggiani and G. Tartara, “On Reverse Concatenation and
Soft Decoding Algorithms for PRML Magnetic Recording
Channels,” IEEE Journal on Selected Areas in Communica-
tions, vol. 19, 612-618 (April 2001), incorporated by refer-
ence herein.

Generally, the error-erasure Reed-Solomon decoder 220
decodes successively with 0,2, 4, ..., L (L-1if L is odd)
erasures until there is no decoding error. For example, the
error-erasure Reed-Solomon decoder 220 might first decode
with no erasures. If there is a decoding error, the error-erasure
Reed Solomon decoder might decode with all possible com-
binations of two erasures taken out of the list with L unreli-
able symbols (number of combinations: L over 2) and then
decode with all possible combinations of four erasures taken
out of the list with L unreliable symbols (number of combi-
nations: L over 4), and so on. The number of combinations
becomes very large for large erasure lists (i.e., for large L) and
exceeds 100 for L greater than seven. The complexity can be
significantly decreased (although at the expense of dimin-
ished performance) by considering only erasures with the
lowest reliabilities for the construction of erasure sets. For
example, decoding with the two best erasures (i.e., the two
most unreliable symbols are erased), and then the four best
erasures (i.e., the four most unreliable symbols are erased),
and so on.

FIG. 3 is a schematic block diagram of an improved error-
erasure decoding system 300, referred to as iterative error-
erasure decoding system 300, incorporating features of the
present invention. The SOVA detector 302 could be replaced
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4
by other soft-output detectors, such as maximum-a-posteriori
(MAP) detectors, or (Max-)Log-MAP detectors. For a dis-
cussion of MAP algorithms, see, for example, P. Robertson et
al,, “A Comparison of Optimal and Sub-Optimal MAP
Decoding Algorithms Operating in the Log Domain,” 1995
IEEE International Conference on Communications (ICC),
vol. 2, 1009-1013, (June 1995).

As shown in FIG. 3, the detected bits and corresponding bit
reliability values produced by the SOVA detector 302 are
processed by a bit-to-symbol converter 310 that may derive
symbol reliability values from bit reliability values, for
example, by setting the reliability of a symbol equal to the
reliability of the least reliable bit within this symbol. The
bit-to-symbol converter 310 also groups sets of detected bits
into detected symbols, where each symbol comprises m bits.

The present invention provides improved techniques for
generating erasure sets and for iterative error-erasure decod-
ing. As shown in FIG. 3, the erasure set generation function
315 and the error-erasure Reed-Solomon decoder 330 are
collectively referred to herein as iterative error-erasure
decoder 305. In accordance with one aspect of the invention,
the iterative error-erasure decoder 305 implements one or
more novel iterative error-erasure decoding processes 400,
600, 800, discussed below in conjunction with FIGS. 4, 6 and
8, respectively, that determine which symbols to erase and
combine different erasures out of the erasure list for iterative
error-erasure decoding. The iterative error-erasure decoding
processes 400, 600, 800 can be implemented with manage-
able hardware cost or computational effort (in a software or
firmware implementation). The iterative error-erasure
decoder 305, erasure set generation function 315 and the
error-erasure Reed-Solomon decoder 330 can be imple-
mented as one or more processors, such as digital signal
processors, microprocessors, or a dedicated processing cir-
cuit that performs the features and functions of the present
invention, as described herein.

According to one aspect of the invention, discussed further
below in conjunction with FIGS. 4, 6 and 8, the iterative
error-erasure decoding processes 400, 600, 800 may employ
one or more thresholds to generate the erasure lists and,
optionally, to assign the unreliable symbols into one of a
plurality of categories or groups. For example, one threshold
can be employed to group symbols into a reliable category or
an unreliable category, where each symbol with a symbol
reliability below a threshold falls into the unreliable category.
Similarly, another threshold can be employed to group unre-
liable symbols into an unreliable category or a very unreliable
category, where each symbol with a symbol reliability below
this threshold falls into the very unreliable category. It is
noted that the use of one or more thresholds in accordance
with the present invention is less complex than conventional
sorting techniques for generating the erasure list. Thereafter,
further processing can be performed on the symbols in each
category or group. In another variation, the erasure set gen-
eration function 315 can employ a threshold to mark the K
most unreliable candidates (i.e., there are K reliability values
below the threshold), and then sort the K most unreliable
candidates to determine the L. most unreliable candidates
(where K>L). In this manner, the number of values to be
sorted is reduced to K. In yet another variation, a threshold is
used as described above to generate the erasure list in the error
erasure decoding system shown in FIG. 2.

According to another aspect of the invention, discussed
below in a section entitled “Read Channel Interface,” infor-
mation is optionally exchanged in feed-forward or feedback
configurations (or both) between the erasure set generation
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function 315 and the error-erasure Reed-Solomon decoder
330 to improve the performance of the magnetic recording
system.

Iterative Error-Erasure Decoding Processes 400, 600,
800

FIG. 4 is a flow chart describing an exemplary implemen-
tation of an iterative error-erasure decoding process 400 that
may be implemented by the iterative error-erasure decoder
305 of FIG. 3. Generally, the iterative error-erasure decoding
process 400 employs two list sizes L' and L, where L'<L. The
two lists may be obtained using a thresholding or sorting
technique. In a thresholding technique, all the symbols are
obtained having a reliability value below a specified thresh-
old. In a sorting technique, all the symbols are sorted based on
the corresponding reliability value, and the L or L' most
unreliable symbols are identified.

Initially, the iterative error-erasure decoding process ini-
tializes a counter, k, to zero during step 405. Thereafter, the
iterative error-erasure decoding process performs a conven-
tional hard-decision Reed-Solomon decoding process during
step 410, in the manner described above in conjunction with
FIG. 1. A test is performed during step 415 to determine if
there was a decoding failure.

Ifit is determined during step 415 that there was no decod-
ing failure, then a successful decoding is declared during step
420. If, however, it is determined during step 415 that there
was a decoding failure, then the process proceeds to step 425
to initiate error-erasure decoding in accordance with the
present invention.

As shown in FIG. 4, the iterative error-erasure decoding
process increments the counter k by two during step 425. A
test is performed during step 430 to determine if the counter,
k, is greater than the list size L'. If it is determined during step
430 that the counter, k, is greater than the list size L', then the
process proceeds to a subroutine 460, discussed below.

If, however, it is determined during step 430 that the
counter, k, is not greater than the list size L', then all possible
erasure sets are generated from the short erasure list of size L',
during step 435, where each set comprises k erasures (and k is
incremented by two upon each iteration to the next even value
up to L', until no decoding error occurs). For each erasure set,
the iterative error-erasure decoding process performs error-
erasure decoding during step 440, until an erasure set is found
for which there is no decoding failure. The decoding and the
erasure set generation stop when an erasure set is found for
which decoding succeeds.

Thus, a test is performed during step 450 to determine if a
decoding failure is detected. If a decoding failure is detected
during step 450, then the process returns to step 425 to incre-
ment the counter k by two and continue the error-erasure
decoding for the next erasure set size, k.

If it is determined during step 450 that an erasure set is
found for which there is no decoding error, then a successful
decoding is declared during step 455.

As previously indicated, if it is determined during step 430
that the counter, k, is greater than the list size L', then error
erasure decoding with the short list size L' did not succeed,
and the process proceeds to a subroutine 460 where decoding
is performed with the full list size L, as described below.

As shown in FIG. 4, the subroutine 460 first generates one
erasure set, during step 465, from an erasure candidate list of
size L, where the set comprises k erasures. Thereafter, for the
erasure set, error-erasure decoding is performed during step
470. A test is performed during step 475 to determine if a
decoding failure is detected. If it is determined during step
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6

475 that a decoding failure is not detected, then a successful
decoding is declared during step 480.

If, however, it is determined during step 475 that a decod-
ing failure is detected, then the counter, k, is incremented by
two during step 485. A further test is then performed during
step 490 to determine if the current value of the counter, k, is
greater than the full list size L. If it is determined during step
490 that the counter, k, is not greater than the full list size L,
then the process returns to step 465 and continues processing
in the manner described above, for the next value of k.

If, however, it is determined during step 490 that the
counter, k, is greater than the full list size L, then a failure is
declared during step 495.

FIG. 5 provides two examples 510, 550 that illustrate the
processing of symbols by the iterative error-erasure decoding
process 400 of FIG. 4. For example, example 510 illustrates a
case where L equals 20 and L' equals 7. FIG. 5 employs a
notation

thatindicates all possible combinations of Y symbols out of X
symbols (X overY).

As shown in FIG. 5 for example 510, the iterative error-
erasure decoding process 400 generates three subgroups
(each even value of k up to L") of erasure sets 520 during step
435 (all erasure sets with 2 symbols out of the 7 most unreli-
able symbols, all erasure sets with 4 symbols out of the 7 most
unreliable symbols and all erasure sets with 6 symbols out of
the 7 most unreliable symbols) and generates one additional
group of erasure sets 530, where each erasure set comprises k
erasures, for each value ofk between L' and L during step 465,
starting with k equal to 8 (i.e., the first even value of k above
L"), foratotal of 70 erasure sets. The first group of erasure sets
520 includes all possible erasure sets, where each set contains
k erasures, for each even increment value of k between 2 and
L'". The second group of erasure sets 530 includes the erasure
sets with k most unreliable symbols, for each even value ofk
that is greater than L' up to L.

In a further example of the processing performed by the
iterative error-erasure decoding process 400, the example 550
illustrates the case where L' is 8 and L is 20, for a total of 133
erasure sets. The first group of erasure sets 560 includes four
subgroups of erasure sets with an even number of erasures up
to L' (all combinations of 2 symbols out of the 8 most unre-
liable symbols, all combinations of 4 symbols out of the 8
most unreliable symbols, all combinations of 6 symbols out
of the 8 most unreliable symbols and all combinations of 8
symbols out of the 8 most unreliable symbols). The second
group of erasure sets 570 includes the sets with the k most
unreliable symbols, for each even value of k that is greater
than L' upto L.

FIG. 6 is a flow chart describing an exemplary implemen-
tation of an alternate iterative error-erasure decoding process
600 that may be implemented by the iterative error-erasure
decoder 305 of FIG. 3. Generally, the iterative error-erasure
decoding process 600 employs three list sizes M, L' and L,
where M<L'<L. The lists may be obtained using a threshold-
ing or sorting technique, in the manner described above.

As shown in FIG. 6, the iterative error-erasure decoding
process 600 initializes a counter, k, to zero during step 610.
Thereafter, the iterative error-erasure decoding process per-
forms a conventional hard-decision Reed-Solomon decoding
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process during step 615, in the manner described above in
conjunction with FIG. 1. A test is performed during step 620
to determine if there was a decoding failure.

Ifit is determined during step 620 that there was no decod-
ing failure, then a successful decoding is declared during step
625. If, however, it is determined during step 620 that there
was a decoding failure, then the counter k is incremented by
two during step 630. A test is performed during step 635 to
determine if the counter, k, is greater than the list size M. If it
is determined during step 635 that the counter, k, is greater
than the list size M, then the process proceeds to step 660,
discussed below.

If, however, it is determined during step 635 that the
counter, k, is not greater than the list size M, then one erasure
set is generated during step 640 from the erasure candidate list
of size M, where the set comprises k erasures. Error-erasure
decoding is then performed during step 645 for the erasure
set.

A test is performed during step 650 to determine if a decod-
ing failure is detected. If it is determined during step 650 that
there was no decoding failure, then a successful decoding is
declared during step 655.

If, however, it is determined during step 650 that a decod-
ing failure is detected, then the process returns to step 630 to
increment the counter, k, and continue in the manner
described above.

If it was determined during step 635 that the counter, k, is
greater than the list size M, then the process proceeds to step
660. All possible erasure sets with k erasures are generated
during step 660 from the short erasure list of size L', where the
M most unreliable symbols of the short erasure list are erased,
and k-M additional erasures are taken from the remaining
L'-M symbols in the short erasure list. Error-erasure decod-
ing is then performed during step 665 for each erasure set,
until an erasure set is found for which there is no decoding
error.

A test is performed during step 670 to determine if a decod-
ing failure is detected. If it is determined during step 670 that
there was no decoding failure, then a successful decoding is
declared during step 675. The erasure set generation and
decoding stop when an erasure set is found for which decod-
ing succeeds. If, however, it is determined during step 670
that there was a decoding failure, then the counter, k, is
incremented by two during step 680.

A further test is performed during step 685 to determine if
the counter k is greater than the list size L'. If it is determined
during step 685 that the counter k is not greater than the list
size L', then the process returns to step 660. If, however, it is
determined during step 685 that the counter k is greater than
the list size L', then the process proceeds to step 690 where the
subroutine 460 of FIG. 4 is executed.

FIG. 7 provides an example 710 that illustrates the process-
ing of symbols in accordance with the iterative error-erasure
decoding process 600 of FIG. 6 where L equals 20, L' equals
10 and M equals 4. As shown in FIG. 7, the iterative error-
erasure decoding process 600 generates two subgroups (each
even value up to M=4) of erasure sets 720 during two execu-
tions of step 640 (all combinations of 2 symbols out of the
M=4 most unreliable symbols and all combinations of 4 sym-
bols out of the M=4 most unreliable symbols) and, for each
even value of k greater than M up to L', generates all possible
erasure sets 730 during step 660 with the M most unreliable
symbols from the short erasure list of size L' being erased and
with k-M additional erasures taken from the remaining I'-M
symbols in the short erasure list. For each erasure set in 730,
the M most unreliable symbols are erased, and the other
k-Madditional erasures are taken from the remaining I'-M
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erasures of the short list. In total, if all erasure sets are con-
structed for a given k, there are (L'-M) over (k-M) erasure
sets. Finally, the iterative error-erasure decoding process 600
generates additional erasure sets 740, where each set contains
k erasures during step 690 (using subroutine 460), for each
even value of k greater than L' (starting with a value k that is
the first even value greater than L") up to L, for a total of 38
erasure sets.

FIG. 8 is a flow chart describing an exemplary implemen-
tation of another alternate iterative error-erasure decoding
process 800 that may be implemented by the iterative error-
erasure decoder 305 of FIG. 3. As shown in FIG. 8, the
iterative error-erasure decoding process 800 uses feedback
information during step 810 to erase L" symbols. For
example, the feedback information may come from the error-
erasure Reed-Solomon decoder 330 to the erasure set genera-
tion function 315, as shown in FIG. 3 and discussed further
below in the section entitled “Read Channel Interface.”
Thereafter, during step 820, the iterative error-erasure decod-
ing process 800 constructs at least one erasure set, which
includes the L" erased symbols and k-1." additional erasures
taken from the short erasure list (comprised of L' erasures) or
the long erasure list (comprised of L erasures). The feedback
channel can provide, for example, information about symbols
that are affected by defects on the magnetic storage medium,
such as Thermal Asperity.

For example, if L. equals 20 and L" equals 10, the erasure
list generation process 800 erases [."=10 symbols based, for
example, on information from the error-erasure Reed-So-
lomon decoder 330. Thereafter, the error-erasure decoding
process 800 constructs additional k-L" erasure from the list
of L=20, in a manner similar to step 660 of FIG. 6. For
example, for k=14, an erasure set can include the L"=10
erased symbol, plus additional k-1."=4 erasures taken from
the erasure list of size L.

Read Channel Interface

FIG. 9 is a schematic block diagram further illustrating the
implementation of the iterative error-erasure decoding sys-
tem of FIG. 3 in a magnetic recording system. According to
another aspect of the invention, shown in FIG. 9 and dis-
cussed further below, the read channel 910 of the iterative
error-erasure decoding system 300 of FIG. 3 provides an
error-correction code (ECC) controller 950 with one or more
of (i) position information; (ii) a symbol classification signal
identifying the category or group of the symbol (or reliability
information); and (iii) the detected symbols.

In addition, a feedback channel 960 from the ECC control-
ler 950 to the read channel 910 can be employed in accor-
dance with another aspect of the invention to control the
erasure set generation by the erasure set generation function
315. For example, the thresholds employed by one or more of
the iterative error-erasure decoding processes 400, 600, 800
can be adaptively set within the read channel 910 or by the
ECC controller 950, to ensure that a sufficient number of
symbols are flagged for inclusion in the lists of sizes M, L, or
L". As previously indicated, a threshold may be employed in
accordance with one aspect of the present invention to reduce
the number of symbol values to be sorted so that the symbols
can be determined, which are included in the erasure lists of
size M, L, or L'. In an alternative embodiment, the number of
symbols within the erasure list (e.g., the parameter L) or the
number of symbols within an erasure sublist (e.g., the param-
eter M or L') can be adaptively set within the read channel 910
or by the ECC controller 950.
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As shown in FIG. 9, the error-erasure Reed-Solomon
decoder 330 of FIG. 3 is part of the ECC controller 950. In
addition, the functionality of the bit-to-symbol conversion
310 or erasure set generation function 315 (or both) of FIG. 3
may be part of the read channel 910, the ECC controller 950
or both, as would be apparent to a person of ordinary skill in
the art. The SOVA detector 302 is part of the read channel.

Typically, as shown in FIG. 2, the read channel of a prior art
error-erasure decoding system 200, such as the bit-to-symbol
converter 210, provides the ECC controller, such as the Reed-
Solomon decoder 220, with each symbol and corresponding
reliability value. In one implementation of the present inven-
tion, shown in FIG. 9, the read channel 910 of the iterative
error-erasure decoding system 300 optionally provides the
ECC controller 950 with the position and reliability value of
only the I most unreliable symbols (in addition to each sym-
bol value), for example, in a sorted or unsorted manner.

In a further variation of the present invention, shown in
FIG. 9, the read channel 910 of the iterative error-erasure
decoding system 300 optionally provides the ECC controller
950 with a classification signal for each symbol that associ-
ates the symbol with a group of symbols. For example, the
classification signal can identify a first group of reliable sym-
bols and a second group of unreliable symbols, e.g., marked
by values of O and 1, respectively. In yet another variation, the
classification signal can identify groups ofreliable, unreliable
and very unreliable symbols using values of 0, 1, and 2,
respectively. Of course, the read channel 910 of the iterative
error-erasure decoding system 300 can optionally provide the
ECC controller 950 with a combination of the foregoing
information, such as the position of the most unreliable sym-
bols and a corresponding classification signal for each unre-
liable symbol.

In addition, as indicated above, a feedback channel 960
from the ECC controller 950 to the read channel 910 can be
employed in accordance with another aspect of the invention
to control the erasure set generation by the erasure set gen-
eration function 315. For example, the thresholds employed
to generated the erasure list used by one or more of the
iterative error-erasure decoding processes 400, 600, 800 can
be adaptively set within the read channel 910 or by the error
code correction (ECC) controller 950, to ensure that a suffi-
cient number of symbols are flagged for inclusion in the
respective erasure lists.

Thus, the ECC controller 950 optionally provides to the
read channel 910 one or more of the following (i) one or more
signals indicating whether one or more thresholds should be
lowered or increased; (ii) one or more signals indicating
whether one or more list sizes (e.g., values of M, L, L' or L")
should be lowered or increased; or (iii) the position of sym-
bols that are going to be erased anyway and therefore need not
be included in the sorting or thresholding operation inside the
read channel (such as the technique described above in con-
junction with FIG. 8).

It has been found that a signal-to-noise ratio performance
gain can be achieved with the disclosed iterative erasure
decoding approach. In addition, the potential gain could be
further increased by using additional side information from
the outside world (e.g., ECC controller 380, as discussed in
context of FIG. 9).

It is to be understood that the embodiments and variations
shown and described herein are merely illustrative of the
principles of this invention and that various modifications
may be implemented by those skilled in the art without
departing from the scope and spirit of the invention.
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I claim:

1. A method for decoding a signal, comprising:

obtaining a plurality of symbols associated with said signal

and one or more corresponding reliability values;

performing a first round of error-erasure decoding using a

plurality of first erasure sets, wherein each of said first
erasure sets comprises k erasures taken from a shortened
erasure list comprised of L' symbols; and
upon a predefined error condition, performing a second
round of error-erasure decoding using one erasure set
comprising n erasures taken from an erasure list com-
prised of L symbols, where n is larger than k and L. larger
than L'
2. The method of claim 1, further comprising the step of
constructing at least one erasure set that includes L" erased
symbols and additional erasures taken from an erasure list.
3. The method of claim 2, wherein said L" erased symbols
are identified using feedback information.
4. The method of claim 1, further comprising the steps of
employing at least one threshold to mark K candidates having
reliability values that satisfy said threshold, and sorting said
K candidates to determine a number N of most unreliable
candidates, where K is greater than N.
5. The method of claim 1, further comprising the steps of
generating one or more reliability values using a soft-output
detector, comparing said one or more reliability values to at
least one threshold, and including symbols in an erasure list
that satisfy said threshold.
6. The method of claim 1, further comprising the step of
generating all possible erasure sets comprised of k symbols
from said erasure list comprised of L' symbols.
7. The method of claim 1, wherein said step of performing
a first round of error-erasure decoding further comprises the
steps of:
generating at least one shortened erasure list comprised of
L' symbols;

constructing a plurality of first erasure sets, wherein each
of said first erasure sets comprises k erasures taken from
said shortened erasure list;

performing error-erasure decoding for said first erasure

sets until a first erasure set is found for which there is no
substantial decoding failure.

8. The method of claim 7, wherein said step of constructing
a plurality of first erasure sets comprising k erasures com-
prises the steps of erasing the M most unreliable symbols
from said at least one shortened erasure list, and taking k-M
additional erasures from the remaining .'-M symbols of said
at least one shortened erasure list.

9. The method of claim 7, further comprising the steps of:

incrementing said value of k if a substantial decoding fail-

ure is detected; and

repeating said constructing and performing steps if k does

not exceed L'.

10. The method of claim 1, wherein said step of performing
a second round of error-erasure decoding further comprises
the steps of:

generating at least one erasure list comprised of L symbols,

where L is greater than L';

constructing one erasure set comprising n erasures taken

from said one erasure list of size L; and

performing error-erasure decoding for said one erasure set.

11. The method of claim 10, further comprising the steps
of:

incrementing said value of n if a substantial decoding fail-

ure is detected for said error-erasure decoding of said
one erasure set; and
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repeating said constructing and performing steps until said 13. The method of claim 12, further comprising the steps
value of n exceeds said value of L. of:
12. The method of claim 1, further comprising a step of incrementing said value of j if a substantial decoding fail-
performing a pre-processing round of error-erasure decoding ure is detected;
prior to said first round, wherein said pre-processing round s repeating said constructing and performing steps if j does
comprises the steps of: not exceed M.
generating at least one erasure list comprised of M sym- 14. The method of claim 1, wherein said predefined error
bols; condition comprises k exceeding L.
constructing one erasure set comprising j erasures taken 15. The method of claim 1, wherein said error-erasure
from said at least one erasure list of size M; and 10 decoding comprises Reed-Solomon decoding.

performing error-erasure decoding for said one erasure set,
where L>L'>M and n>k>j. o % k%



