JOINT DETECTOR/ DECODER DEVICES AND JOINT DETECTION/

DECODING METHODS

Cross-reference to Related Applications

[0001) The present application claims the benefit of the United States provisional
patent application No. 61/715,302 filed on 18 October 2012, the entire contents of which

are incorporated herein by reference for all purposes.

Technical Field
[0002] Embodiments relate generally to joint detection/ decoder devices and joint

detection/ decoding methods.

Background

[0003]  Detection and decoding of a received signal is a task that is performed in
every receiver. Thus, there may be a need for efficient detection and efficient decoding.
The detector and decoder exist within the context of a channel, be it a communications
channel, or a recording channel, or any case where information (bits) are transmitted over
a noisy channel. An encoder is needed on the transmitting side to protect the bits from
noise and the detector and decoder work on the receiving end to get back the original bits.

The context will further become apparent from FIG. 2, like it will be described below.



Summary

[0004]  According to various embodiments, a joint detection/ decoding device may be
provided (while the commonly used devices include a detector and a separate decoder).
The detector and decoder device may include: an input circuit configured to receive an
input signal; a survivor determination circuit configured to determine a plurality of
survivors of a next instance based on at least one survivor of a previous instance and
based on the input signal, wherein each survivor has an associated metric and bit
sequence. The survivor processing circuit may be configured to determine whether the
survivor of the current instance propagates to the subsequent instance if it fulfills a pre-
determined validity criterion. It may be primarily the metric like will be described in
more detail below that determines survivor propagation. The metric may be computed
based on all the survivor’s bit sequence.

[0005] According to various embodiments, a joint detection/ decoding method may
be provided. The joint detection/ decoding method may include: receiving an input
signal; determining a plurality of survivors of a next instance based on at least one
survivor of a previous instance and based on the input signal, wherein each survivor splits
into 2 new survivors, ‘one corresponding to the appending of a + bit and one
corresponding to the appending of a — bit. The survivors of the next instance then
undergo a selection process in which the survivor is kept if the survivor’s metric fulfills a

pre-determined validity criterion, it is discarded otherwise.



Brief Description of the Drawings

[0006) In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments are described with reference to the following
drawings, in which:

FIG. 1A shows a joint detector/ decoder device according to various
embodiments;

FIG. 1B shows a flow diagram illustrating a joint detection/ decoding method
according to various embodiments;

FIG. 2 shows a communication system block diagram according to various
embodiments;

FIG. 3 shows an illustration of a trellis used by the Viterbi algorithm according to
various embodiments;

FIG. 4 shows an illustration of a trellis used by the JVDD algorithm according to
various embodiments;

FIG. 5 shows an illustration of various codes for parity check according to various
embodiments;

FIG. 6 shows illustrations of simulation results according to various embodiments;

FIG. 7 shows illustrations of simulation results according to various embodiments;

FIG. 8 shows illustrations of simulation results according to various embodiments;

FIG. 9 shows illustrations of simulation results according to various embodiments;



FIG. 10 shows illustrations of simulation results according to various
embodiments;

FIG. 11 shows illustrations of simulation results according to various
embodiments; and

FIG. 12 shows illustrations of simulation results according to various

embodiments.

Description

[0007]  Embodiments described below in context of the devices are analogously valid
for the respective methods, and vice versa. Furthermore, it will be understood that the
embodiments described below may be combined, for example, a part of one embodiment
may be combined with a part of another embodiment.

[0008] In this context, the detector and decoder device as described in this description
may include a memory which is for example used in the processing carried out in the
detector and decoder device. A memory used in the embodiments may be a volatile
memory, for example a DRAM (Dynamic Random Access Memory) or a non-volatile
memory, for example a PROM (Programmable Read Only Memory), an EPROM
(Erasable PROM), EEPROM (Electrically Erasable PROM), or a flash memory, €.g., a
floating gate memory, a charge trapping memory, an MRAM (Magnetoresistive Random
Access Memory) or a PCRAM (Phase Change Random Access Memory).

[0009] In an embodiment, a "circuit" may be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor executing

software stored in a memory, firmware, or any combination thereof. Thus, in an



embodiment, a "circuit" may be a hard-wired logic circuit or a programmable logic
circuit such as a programmable processor, e.g. a microprocessor (e.g. a Complex
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) processor). A "circuit” may also be a processor executing software, e.g. any kind
of computer program, e.g. a computer program using a virtual machine code such as e.g.
Java. Any other kind of implementation of the respective functions which will be
described in more detail below may also be understood as a "circuit" in accordance with
an alternative embodiment.

[0010] Detection and decoding of a received signal is a task that is performed in
every receiver. Thus, there may be a need for efficient detection and efficient decoding.
[0011] Communication channels today may commonly use an iterative
detector/decoder system on its receiver end to detect and decode the transmitted bits. This
iterative detection system may include a soft output detector, such as the soft output
Viterbi algorithm (SOVA) or the Bahl, Cocke, Jelinek and Raviv (BCJR) algorithm, and
an LDPC (low-density parity check) decoder such as the Sum Product Algorithm (SPA).
Although iterations of the soft information between these detector and decoder blocks
gives rise to good performance over an inter-symbol-interference (ISI)/additive white
Gaussian noise (AWGN) channel when the codeword length (CWL) is large, the iterative
detector is sub-optimal. The suboptimality originates from the SPA algorithm that itself is
suboptimal whenever there are cycles in the factor graph, in particular, when there are
short cycles. Any practical code will have cycles in its factor graph, although in practice,
effort is invested to eliminate the short cycles. A second source of suboptimality is the

iterative process which tends to improve incrementally with diminishing returns, as the



number of iterations increases. Development of iterative detection and decoding schemes
has brought about significant improvements to communication systems in recent years. In
the conventional iterative detector, a soft-output detector such as the Soft Qutput Viterbi
Algorithm (SOVA), or the Bahl, Cocke, Jelinek, Raviv (BCJR) algorithm is executed
over a trellis followed by the Sum Product Algorithm (SPA) which runs on a factor graph
(FG). A typical communication block diagram is illustrated on the upper part of FIG. 2,
while the competing joint Viterbi detector/decoder (JVDD) method according to various
embodiments is shown in the lower part of FIG. 2. While the iterative detector has good
performance over inter-symbol interference (ISI)/additive white Gaussian noise (AWGN)
channels, it is suboptimal. This suboptimality originates from a couple sources. Firstly
the SPA is suboptimal whenever the coding FG has cycles, in particular, it performs quite
poorly when the FG has short cycles. In practice, all code FGs have cycles, although
effort is invested to remove the short cycles from the code. Secondly the iterative process
itself induces suboptimality. This can be observed from the fact that additional iterations
in the detector yield improved performance, demonstrating that at the end of each
iteration, performance is suboptimal. Iterations occur both within the SPA decoder and
between the soft-output detector and the SPA decoder, so these are both sources of
suboptimality.

[0012]  These sources of suboptimality in the current iterative detector motivate the
search for schemes that have a chance of achieving optimality. Joint detection/decoding
is a promising candidate. In a previous example of joint detection/decoding, the
softoutput detector from a trellis-based algorithm may be converted to a FG based

algorithm, and the SPA may be used over it. The detector FG and decoder FG can then be



combined into a joint FG representing both the detector and decoder, and the SPA can be
run over it. It was found that the performance of the detector implemented on a FG does
not outperform the BCJR or SOVA algorithms, as both are optimal over the ISVAWGN
channel. According to various embodiments, the opposite approach may be provided:
instead of converting the optimal trellis-based SOVA/BCJR to a FG, the joint
detector/decoder over a trellis may be provided. This may be the approach of the JVDD
according to various embodiments. This approach may have the advantage that it replaces
the suboptimal SPA algorithm with the optimal Viterbi algorithm and does away with all
iterations. Thus the JVDD addresses both above-mentioned sources of suboptimality in
the iterative detector.

[0013] According to various embodiments, a joint detection and decoding may be
provided as opposed to the more commonly used iterative detection and decoding that
conventional channels employ. Joint detection/decoding means that the detection and
decoding are done on a single structure (the trellis, like will be described below). Iterative
detection/decoding means that detection is done first on one structure (the trellis), and the
output probabilities are passed to the decoder which does decoding on another structure
(a factor graph) and information is iterated back and forth between these two structures.
Iterative detection/decoding is more commonly used today.

[0014] FIG. 1A shows a joint detector/decoder device 100 according to various
embodiments. The joint detector/decoder device 100 may include an input circuit 102
configured to receive an input signal. The joint detector/decoder device 100 may further
include a survivor splitting circuit 104 configured to produce a plurality of survivors of a

next instance based on at least one survivor of a previous instance and based on the input



signal. The joint detector/decoder device may further include a survivor discarding circuit
106 that discards survivors according to a set of predetermined criteria. Each survivor
may have an associated a bit sequence.

[0015] Each time step, each existing survivor is split into 2 new survivors, 1 obtained
by appending a + and 1 obtained by appending a -. The corresponding metrics are also
computed. This doubles the number of survivors per time-step. In order to keep the
number of survivors from becoming unmanageable, survivors also need to be killed at
each time-step (hence their name: survivors). They are killed either a) if their metrics are
too large (above the threshold), or b) if they fail the parity checking criterion. The
discarding circuitry is where the decisions are made and where various criteria come into
play. There is no decision or criteria during splitting. The normal Viterbi also splits
survivors, then discards the larger survivor at each node at each time-step. In the normal
Viterbi, this has the effect to double, then half the number of survivors each step, while in
the JVDD, it doubles, then reduces, (but not necessarily halves) the number of survivors
each step.

[0016] In other wordé, the joint detector/decoder device 100 may determine a
candidate set (which may include a plurality of survivors, as will be described in more
detail below), and for these plurality of survivors may determine, whether they are valid
under a pre-determined code (202, like will be described with reference to FIG. 2 below).
[0017] According to various embodiments, the joint detector/ decoding device firstly
creates survivor paths by splitting existing survivors. Then, this set of survivors may be
restricted, for example based on a comparison of the survivors’ metric with a threshold or

by retaining a certain predefined number of minimum metric survivors. In this way,



survivors are propagated down the trellis by splitting and then curtailing their numbers
either via the comparison of their metric to a predetermined threshold, or cropping
survivors more than a certain predetermined number. An alternative method to restrict the
number of survivors is through the design of the code (202).

[0018] The splitting part may be common to both JVDD and Viterbi. The curtailing
part is what differentiates them and causes the JVDD to only return legal codewords.
According to various embodiments, the survivor splitting circuit 104 and the survivor
discarding circuit 106 may further be configured to determine whether a survivor
propagates to the next time instance. The survivor may have an associated bit sequence,
and metric. The metric may be computed from the bit sequence, from the channel
coefficients and from readback waveform. (like will be described in more details below).
The JVDD algorithm splits and curtails survivors according to the criteria based on the
metric computed for each survivor. For example, the survivor discarding circuit 106 may
be configured to determine that a survivor survives to the next time instance if the metric
of the survivor is within a pre-determined metric threshold. The absolute threshold may
be tied to the minimum metric of each node. Each node in the trellis has survivors ending
on it. One of the survivors at each node has the minimum metric. Other survivors which
are above this minimum metric by more than the threshold may be discarded. The
absolute value of the threshold changes with the minimum metric survivor of that node.
Thus, it will be understood that “within” means that the survivor’s metric needs to be
within the threshold value of the minimum metric of that node.

[0019] According to various embodiments, the survivor splitting circuit 104 and the

survivor discarding circuit 106 may be further configured to retain a predetermined



number of survivors with the smallest metrics as the plurality of survivors of the next
instance.

[0020]  According to various embodiments, the pre-determined validity criterion may
be based on whether the survivor’s bit pattern satisfies the checks of a parity check
matrix.

[0021]  According to various embodiments, the parity check matrix may include or
may be a matrix with entries of zero above a pre-determined sub-diagonal of the parity
check matrix.

[0022]  According to various embodiments, the survivor splitting circuit 104 and the
survivor discarding circuit 106 may be configured to, during a metric thresholding
section, determine whether a survivor carries on to the next instance based on a metric of
the bit sequence and independent from whether the bit sequence fulfills a pre-determined
validity criterion

[0023] According to various embodiments, the survivor determination circuit may be
configured to, during a parity check section, determine whether a survivor carries on to
the next instance based on a metric of the bit sequence and based on whether the bit
sequence fulfills a pre-determined validity criterion.

[0024] According to various embodiments, the metric may include or may be an
Euclidean metric, for example the Euclidean distance between the noise-free waveform
and the received waveform.

[0025]  The joint Viterbi detector/decoder device tries to find, from the plurality of
candidate survivors, the survivor that corresponds to a bit sequence that is a legal

codeword (according to the parity check matrix) and simultaneously has the minimum
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metric (as defined by the Viterbi algorithm and thresholding). The device may try to find
the minimum metric legal codeword (MMLC) from amongst all the competing survivor
paths. There is only 1 MMLC, and the device is trying to find it. If it succeeds, it makes
the optimum decision

[0026] FIG. 1B shows a flow diagram 112 illustrating a joint detection/ decoding
method according to various embodiments. In 114, an input signal may be received. In
116, a plurality of survivors of a next instance may be produced based on at least one
survivor of a previous instance and based on the input signal. Each survivor may have an
associated bit sequence. In 118, survivors may be discarded based on a set of
predetermined criteria (in other words: it may be determined that a survivor is carries on
to the next instance if its metric fulfills a pre-determined validity criterion).

[0027] According to various embodiments, the joint detection/ decoding method may
further include determining that a survivor survives to the next instance if the metric of
the survivor is within a pre-determined metric threshold.

[0028]  According to various embodiments, joint detection/ decoding method may
further include retaining a predetermined number of survivors with the smallest metrics
as the plurality of survivors of the next instance.

[0029] According to various embodiments, the pre-determined validity criterion may
include or may be a parity check based on whether the survivor’s bit pattern satisfies the
checks of a parity check matrix.

[0030] According to various embodiments, the parity check matrix may include or
may be a matrix with entries of zero above a pre-determined sub-diagonal of the parity

check matrix.
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[0031] A devices according to various embodiments may be referred to as Joint
Viterbi Detector Decoder (JVDD). According to various embodiments, a Joint Viterbi
Detector Decoder (JVDD) may be provided. According to various embodiments, joint
detection and decoding may be provided.

[0032] FIG. 2 shows an example communication system block diagram 200. The
communication system 200 may include an encoder 202, an AWGN/ISI model with
channel coefficients 4 204. A commonly used iterative detector/decoder including a
detector 206 and a decoder 208 is shown on the top. The proposed joint Viterbi detector
decoder 210 is shown on the bottom. The encoder 202 is on the transmitting side and
encodes the data. The channel transmits the data. The iterative detector 206 and decoder
208 is the prior art embodiment and the joint detector and decoder 210 according to
various embodiments is the newly proposed competing receiver. The iterative
detector/decoder does detection and decoding separately while the joint detector/decoder
does them together. For example, in the commonly used device, the detector 206 may be
configured in accordance with the SOVA (soft output Viterbi Algorithm) or with the
BCIR algorithm. For example, the decoder 208 may be a SPA decoder. The BCIR/SOVA
detector and the SPA decoder form the prior-art iterative detector/decoder. The bottom
path, the joint Viterbi detector/decoder forms the device according to various
embodiments. In other words, the upper portion of FIG. 2 including the detector 206 and
the decoder 208 shows a conventional prior-art iterative detector/ decoder, while the
lower portion of FIG. 2 shows the proposed JVDD according to various embodiments.
[0033]  In the prior-art iterative detector shown in FIG. 2, the detector block 206 has

knowledge of the channel while the decoder 208 has knowledge of the code. Information
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is iterated between the detector 206 and the decoder 208 until a sufficiency criterion has
been met. The JVDD block 210 according to various embodiments has knowledge of
both the channel and the code to do detection and decoding jointly. This information is
used to decide which paths to keep and which to discard within the JVDD trellis, as will
be described below. According to various embodiments, the JVDD approach may be
applied to coded data transmission over noisy ISI channels. How the method is
formulated and how to address practical issues associated with it will be described in
more detail below,

[0034] In the following, the Joint Viterbi Detector/ Decoder (JVDD) method and
devices according to various embodiments will be described.

[0035] The JVDD according to various embodiments may operate on a trellis, similar
to the regular Viterbi algorithm.

[0036] FIG. 3 shows an illustration 300 of a prior-art Viterbi trellis with 4 states
corresponding to the - - (302) - + (304), + - (306) and + + (308) states of the channel. In
the trellis, the vertical direction corresponds to different states of the channel while the
horizontal direction (the - - state of the first four time instances 310, 312, 314, 316 are
exemplary labeled) corresponds to time evolution of the bit sequence. The paths through
the trellis thus correspond to the time-evolution of the state of the channel. The state of
the channel is determined by the bit sequence into the channel 203 as shown in FIG. 2. A
survivor path (exemplary labeled as 316) through the trellis corresponds to a bit sequence
into the channel. Each survivor path has a corresponding survivor metric computed as the
summation of the metrics of each branch making up the survivor, referred to as the

branch metrics. Each branch metric is computed as the Euclidean distance between the
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observation z; (205) at that time instance and the noise-free value of the channel output
for the given bit sequence input defined by the channel state. If the branch metric is
labeled by, then by=(z-si)° where z; is the readback observation at time k (205), s is the
noise-free channel output for the given branch transition defined by the state from which
and to which the transition (an exemplary transition is given by state 302 at time £ to state
306 at time k+1) is occurring. Each transition has its own noise-free value computed

from the channel coefficients 4; 204. The survivor metric is formed by summing the

k
branch metric for each branch forming the survivor: m, =>"b,. The Viterbi algorithm
=0

compares two incoming survivor metrics at a given node at a given time instant £ and
discards the larger. The JVDD algorithm compares multiple incoming survivor metrics at
a given node at a giv.en time instant k. and discards those survivors whose metrics are
larger than the minimum metric by the predefined threshold. An example of a survivor
path through the trellis is shown in Figure 3 (316). For ease of discussion, we enumerate
the states as 0: - -, 1: - +, 2: + - and 3: + +. The survivor shown in 316 starts at state 3
and transitions to states 3, 1, 0, 2, 3, 3, 1, 0... etc... corresponding to the sequence of bits
shown associated with survivor. The survivor has an associated metric that is a
quantitative measure of how close, in the Euclidean distance sense, the survivor’s noise-
free waveform is td the actual waveform. The prior-art Viterbi algorithm returns the
smallest metric waveform by discarding all larger metric survivors at each step in the
trellis. The prior-art Viterbi trellis starts with 4 survivors, 1 in each of the 4 states. The
Viterbi trellis is terminated by flushing the channel with enough known bits to clear its
memory and return the trellis to a known state. Typically this known state is the O state,

and the channel must be flushed with — bits to return it to a known state of all —‘s. Before
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the channel is terminated (returned to the all-zero state), there will be N survivors any of
which could be minimum metric survivor path. After the channel is returned to a known
state, a single minimum metric survivor which may then be passed as the output of the
algorithm.

[0037] The JVDD according to various embodiments has knowledge of the code,
may behave similarly to the prior-art Viterbi algorithm in the metric thresholding section
402 (as will be described below). The JVDD must also have information on the code in
the form of the parity check matrix H. Without information about the code, it cannot
return a legal codeword. In the parity checks section 404 (as will be described below),
survivor paths are additionally checked against the parity check equations: cH' = 0 where
c is the 1xXN codeword vector, H is the MxN parity check matrix and 0 is the 1xM vector
zeros. Survivor paths that fail the parity check are discarded in the trellis. The JVDD
aims to return the legal codeword that produces the waveform closest to the received
waveform in the Euclidean distance sense. However, it may no longer be correct to
discard all paths with larger metrics as was done in the prior-art Viterbi algorithm, when
the parity checking function 404 is included. A smaller metric path may not belong to
legal codeword and discarding all paths with larger metrics in the metric thresholding
section 402 may end up discarding the MMLC that we are trying to find. Thus in the
JVDD, a plurality of survivors are retained subject to the condition that their metrics are
within a user defined threshold of the minimum metric path at each node. This reduces
the probability of discarding the MMLC to an acceptably low level.

[0038) FIG. 4 shows an illustration 400 of the JVDD trellis like shown in FIG. 3, so

that the same reference signs may be used and duplicate description may be omitted. In
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FIG. 4, the JVDD trellis is divided into two sections. In the metric thresholding section
402, channel bits may be detected in similar fashion to the commonly used Viterbi
algorithm, but using a threshold rather than a direct comparison without threshold.
Metrics may be computed in the same way as with the Viterbi algorithm, and survivors
with metrics larger than the minimum metric by the user-defined threshold may be
discarded. In the parity bit section 404, additional computations are performed whenever
the bit index corresponds to the last one in‘any row of the parity check matrix H. The
parity check for each survivor is evaluated, for example like indicated in 406 by tracing
back the survivor and obtaining the bits involved in the parity check, and the survivor is
discarded if it violates the parity check for that row of the parity check matrix H. Thus at
the end of the trellis, only survivors that pass all parity checks, and that correspond to
legal codewords may make it through.

{0039] It may be recalled that H is an M x N matrix (which may be called the parity
check matrix) where M is the number of i)arity checks and N is the number of channel

bits. Each row of H corresponds to one of the M parity checks and the syndrome check
equation for a single row (check) of H can be written as chiT = (, where hj is the ith row
of H. This check on the ith row of H can occur during the JVDD algorithm at the time

when the channel bit corresponding to the last “1” in h; is detected. Hence the checks in

the JVDD parity-checks section occur at nodes that correspond to the last “1” of a row in
the parity check matrix H. The region in which these parity checks occur is labeled the
“parity check” section 404 of the trellis in FIG. 4 and in general, tends to happen towards
the end of the trellis, since that is typically where the last “1” in each row tend to be

clumped. It is to be understood that even in the parity check section 404, the Viterbi
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metric computation and threshold comparison may still be carried out and survivors may
still be considered, like in the metric thresholding section 402, but that in addition, the
parity check may further eliminate more survivors.

[0040]  Here it becomes clear that the VDD algorithm makes use of knowledge of
both the channel and of the code corresponding to the operations in the “metric
thresholding” section 402 and the “parity bits” section 404 respectively. The operations
in the “metric thresholding” section actually occur throughout the entire trellis, including
computing metrics and discarding survivors with metrics that exceed the minimum metric
by threshold. Correspondingly, the “parity bits™ operations actually occur at very specific

“1”

time-instances in the trellis, for those time indices k corresponding to the last of a
particular row in H.

[0041] The gist of the design of the JVDD algorithm is to find and return the
minimum metric legal codeword (MMLC). We define the MMLC as the legal codeword
(according to the parity check matrix H) with the smallest metric as computed in the
metric thresholding section 402. It can be seen that the JVDD attempts to achieve this
through the two previously mentioned sections of the trellis. The minimum-metric part is
addressed by the “metric thresholding” section and the legal-codeword part is addressed
by discarding all survivors that violate the codeword constraint in the “parity checks”
section.

[0042] It should be noted that the JVDD does not guarantee to return the MMLC,
which may be the optimal decision for a coded AWGN/ISI channel. The JVDD could fail

to return the MMLC if the MMLC path acquires a larger metric over a part of the trellis

that causes it to be discarded during the threshold comparison with a competing path in
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the metric thresholding section 402. If any other survivor in the trellis happens to achieve
a metric that is more than threshold smaller than the MMLC at any point in the trellis,
then the MMLC could be discarded during the metric thresholding section before
reaching the parity checking section. Obviously, since it may be desired that the JVDD
returns the MMLC, this is undesirable and one way to prevent this may be to use a larger
threshold. Larger threshold values produce exponentially more survivors, resulting in
greater computational complexity. Hence, it can be seen that the threshold controls the
trade-off between the performance and complexity in the JVDD. The JVDD will be
suboptimal as long as there is a chance that it is discarding the MMLC, but it becomes
optimal with increasing threshold. According to various embodiments, for the JVDD the
threshold value may be chosen, and ways may be provided to manage the complexity for
reasonable thresholds.

[0043] When threshold is large enough, the MMLC is assured to survive to the end of
the trellis. As threshold —oo (which may mean that no threshold is present, as all metrics
would be smaller than the threshold), no survivors are killed in the “metric thresholding”
section and the MMLC is sure to make it through both sections to emerge the winning
minimum metric survivor from the trellis. However the complexity will approach that of
the brute-force detector which computes the metric of every bit pattern. If the threshold
parameter happens to kill the MMLC early on in the trellis, then it is possible that no
survivors make it through the trellis, i.e. at some point, all survivors end up killed by the
parity checks. In this situation, the JVDD has a couple of options. Firstly it can return an
error default codeword such as the all-zero codeword. Secondly, it can go back to the

start of the trellis, increase the threshold parameter and run the algorithm again.
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[0044] In the following, describes several parameters that may be used to manage the
complexity of the JVDD.

[0045]  According to various embodiments, a way of managing the number of
survivors is by tweaking the threshold parameter. This parameter achieves complexity
reduction at a cost to the performance.

[0046] According to various embodiments, the maximum number of survivors may
be limited.

{0047} When a large threshold is needed to prevent discarding of the MMLC, but
large complexities are not acceptable, a second complexity-limiting parameter can be
introduced that may be called the maxNoSurv parameter. As the name suggests, this is
the maximum number of survivors in'the algorithm that the JVDD will allow. It is
implemented by ordering the list of survivors by their metrics and keeping the
maxNoSurv smallest metric survivors at each time-step in the trellis. This is an
alternative method of keeping/killing survivors to the threshold parameter.. There is also,
however, a performance penalty associated with this parameter.

[0048] Furthermore, the usage of the threshold and maxNoSurv may be combined.
For example, as long as the number of survivors is less than maxNoSurv, threshold may
be applied.

[0049] In the following, JVDD codes according to various embodiments will be
described.

[0050] The JVDD can be run using any type of block code and it was initially tested
with random LDPC codes. The low-density requirement of LDPC codes comes from the

SPA method. The JVDD has no such restriction on the code and high-density parity
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check matrices can be used if desired. However random codes result in high
computational complexity for the JVDD. Here we propose a class of codes that help to
manage the complexity of the JVDD by their design.

[0051] FIG. 5 shows an illustration 500 of three parity check matrices of a random
LDPC code on the top (prior art), a sample GDLD (Gaussian Distribution Linear
Diagonal) code in the middle (proposed along with the JVDD) and GDPD (Gaussian
Distribution Parabolic Diagonal) code on the bottom (proposed along with the JVDD).
Black and white pixels represents bits ’1”° and 0’ respectively. From the FIG. 5, it can be
seen that the channel bits that correspond to the last ‘1’ in every row of the random parity
check matrix (top) are clustered at the end of the matrix. This implies that for such a code,
the killing of survivor paths arising from parity checks can only be performed towards the
end of the trellis in the JVDD. The growth in the number of survivor paths in the trellis
prior to thig may have been exponential, resulting in a surge in computational complexity.
Although the JVDD can be used with any code, in order to have viable complexity, codes
such as random LDPC codes should be avoided with the JVDD when the CWL is long.
Short CWLs (code word lengths) are less of a problem as the number of survivors does
not have enough time to grow too large.

[0052]  Two sub-classes of JVDD codes may be provided for the JVDD. They are the
GDLD and GDPD codes. The parity check matrix of a GDLD code is illustrated in the
middle part of FIG. 5. As the name implies, this class of code is designed such that the
last ‘1’ in each row of H are placed along a linear diagonal of the matrix. The remaining
bits are placed randomly to the left of the diagonal with a one-sided Gaussian distribution.

The GDLD code is defined by three design parameters - row_weight, o and offset. The
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row_weight is the number of ‘1’s in each row of the matrix while ¢ defines the standard
deviation of the Gaussian distribution. The offset parameter indicates the horizontal offset
of the linear diagonal relative to the top left corner of the code’s parity check matrix.
[0053] The placement of the last ‘1’ along the linear diagonal in every row of a
GDLD code ensures that parity checks occur at more regular intervals throughout the
JVDD trellis. The growth in the number of survivor paths can thus be curbed, resulting in
a reduced computational complexity of the JVDD.

[0054] The second subclass of codes that may be provided according to various
embodiments, the GDPD code, shares a similar concept. It differs from GDLD codes in
that its diagonal takes on the shape of a parabola as depicted in the bottom part of FIG. 5.
GDPD codes are also defined by three design parameters - row_weight, ¢ and y. Here,
the row_weight and ¢ share the same definition as that for GDLD codes. The third
parameter, ¥, represents the derivative of the parabola at the bottom right corner of the
matrix. Similar to the GDLD, this class of code enables parity checking to be done in a
more regular manner throughout the JVDD trellis.

[0055] The relative performance of these two classes of codes and their effectiveness
in Jowering the computational complexity of the JVDD are described in more detail
below.

[0056] Another feature that controls/limits the number of survivors in the JVDD
trellis is the operating SNR. At low SNR, due to the noise, many survivors may make it
within the threshold of the minimum metric survivor for each node. This may mean that
the number of survivors will grow more quickly at low SNRs. Conversely, at higher

SNRs, the probability of competing survivors making it inside the threshold of the
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minimum metric survivor becomes less, and the JVDD complexity will be lower. It is to
be noted that the JVDD and the competing iterative detector should operate at
comparatively high SNRs at which the frame error rate is acceptably low. This may favor
the computational complexity for the JVDD.

[0057] The longer the CWL (code word length), the longer the trellis, and the more
opportunity there is for the MMLC to be ousted from the survivor list by competing
survivors. Thus longer CWLs tend to require larger threshold and/or maxNoSurv
parameters leading to higher complexity. Conversely at shorter CWLs, the JVDD tends to
outperform the iterative detector by substantial margins at reasonable complexity as will
be seen in the simulation results described below. Applications requiring longer CWLs
require extra effort to make the JVDD tractable while for shorter CWLs, the JVDD
performs close to optimal at reasonable thresholds and complexities for the given code.
[0058] In the following, lower rate codes according to various embodiments will be
described.

[0059] One way to mitigate the computational complexity of the JVDD is to use
codes with lower rates in conjunction with the abovementioned JVDD codes. This may
reduce the complexity because codes with lower rates have a greater number of parity
checks per channel bit leading to more frequent survivor killing in the JVDD trellis than
when using higher rate codes.

[0060] In the following, simulations and results according to various embodiments
will be described.

[0061] As will be described in more detail below, results for the following sets of

simulations will be provided. Firstly, the effects of varying the threshold and maxNoSurv
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parameters will be described. Subsequently the effects of varying CWL and code rate will
be described. Results for both random LDPC and JVDD codes will be shown, and a
comparison of the performance of the JVDD with the iterative BCJR/SPA detector will
be given. For the random LDPC code, the column weight may be 3, and the 4 cycles are
removed from the code. For the JVDD code tested here, the row weight is 50, 0 = 100
and the offset parameter is equal to 70. The results described here use the implementation
of the JVDD that increases the threshold and goes back to the beginning in the event that
no survivor makes it through the trellis.

[0062] In the following, results for varying thresholds will be described. In this
simulation set the CWL is held fixed at CWL=256 and the maxNoSurv parameter is not
used in the JVDD. Simulations are run for both the iterative detector and the JVDD
algorithm using both a random code and a JVDD GDLD code, both with a code rate of R
= 0:95. The threshold is varied from 0.5 to 2 in steps of 0.5. The fesults are shown in FIG.
6.

[0063] FIG. 6 shows an illustration 600 of iterative detector results and JVDD results
varying the threshold parameter. Solid curves correspond to the JVDD code while dotted
curves corresponds to the random LDPC code. Code rate is R = 0:95 in both cases. The
left figure shows the FER performance while the right figure is the average number of
survivors. CWL=256.

[0064) The performance of the iterative BCJR/SPA detector with 6 iterations is also
shown for reference. FIG. 6 shows that as threshold increases, performance improves, but
complexity (in terms of the average number of survivors per bit) increases. Both random

LDPC code (dotted line) and JVDD code (solid line) are shown in this figure and it is
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observed that the JVDD code sometimes does better, sometimes does worse in terms of
performance, but the complexity is much lower, although at higher SNR’s the difference
between the JVDD and random codes is less. As described above, the complexity
decreases as SNR increases, as fewer paths make it inside the threshold at higher SNRs.
It can be seen that the JVDD is outperforming the iterative BCIR/SPA by 1-2 dB
depending on value of threshold, both for JVDD and random LDPC codes. It’s also noted
that the performance improvement for the JVDD saturates with increasing threshold
indicating that the performance could be approaching optimality for this particular code.
[0065] In the following, results for varying maxNoSurv will be described.

[0066] FIG. 7 shows an illustration 700 of iterative detector results and JVDD results
varying the threshold parameter. Solid curves correspond to the VDD code while dotted
curves corresponds to the random LDPC code. Code rate is R = 0:95 in both cases. The
left figure shows the FER performance while the right figure is the average number of
survivors. CWL=256.

[0067] In FIG. 7, the effect of the maxNoSurv parameter is investigated at a constant
threshold=2. The CWL is again fixed at 256 and simulations are again run for both
random LDPC and JVDD codes. maxNoSurv=0 is equivalent to turning it off. In this
particular set of simulations, there is not a large performance difference between
maxNoSurv=>500 and maxNoSurv=5000. This may be attributed to the fact that the CWL
is relatively short and a large number of survivors is not as needed in the JVDD when the
CWL is short. The complexity plot on the right is again showing a decreasing complexity
for increasing SNRs for all codes and significantly reduced complexity of the JVDD

codes over the random LDPC codes. It is to be mentioned that these complexity plots
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apply only to the JVDD, as the iterative detector’s complexity does not depend on the
number of survivors in its trellis, but is much more complicated to evaluate. Also,
although the maxNoSurv parameter is not so critical at these CWL’s, it is an important
parameter at longer CWLs when the number of survivors easily becomes unmanageable.
[0068] In the following, results for varying code rate and CWL will be described.
[0069] FIG. 8 shows an illustration 800 of results of the JVDD and BCJR detectors
varying the code rate R. Top plots are for CWL=512, bottom plots are for CWL=1024.
Left plots show performance as a function of code rate for both the JVDD (solid curve)
and iterative (dotted curve) while the right plots show the average number of survivors of
the JVDD for different SNRs.

[0070] In this experiment set, the effect of varying the code rate and the CWL of both
the iterative detector and the JVDD is shown. FIG. 8 shows the results with the top two
" plots corresponding to CWL=512, while the bottom two are for CWL=1024. As the
computational complexity becomes unmanageable for random LDPC codes at these
longer CWLs, only the results for JVDD codes can be shown here.

[0071]  The increase in the average number of survivors (complexity) for the JVDD at
CWL=1024 over CWL=512 at high code rates can be seen, but it drops more quickly as
the code rate decreases. This is a pleasantly surprising result as it may mean that the
JVDD could be computationally feasible at longer CWL’s by reducing the code rate. It is
to be noted that the complexity drops with reducing code rate, but the rate at which it
drops seems to slow down after a certain point. The performance plots again show the
JVDD (solid curves) outperforming iterative detector (dotted curves) in all circumstances

tested. However it is noted that the margin by which it outperforms the iterative detector

25



decreases with increasing CWL. This is attributed to two factors: firstly, the iterative
detector becomes more efficient as the CWL gets longer. This is the main reason that the
HDD industry is transitioning from sector sizes of 4k to 32k bits. Secondly at longer
CWLs, the JVDD becomes more computationally complex necessitating more restrictive
threshold and maxNoSurv parameters to make it computationally feasible. Not only is
this necessary from the standpoint of hardware implementation of these algorithms, it is
also necessary for us to generate our results in a reasonable time and with reasonable
memory consumption of our simulations. Without restricting the number of survivors, the
JVDD can consume all the memory on our computing servers as the CWL grows.

[0072] As ha§ been observed in the previous simulation sets, it may be observed in
FIG. 8 that the computational complexity of the JVDD drops increasing with SNR.

[0073] FIG. 9 shows an illustration 900 of JVDD simulation results. JVDD may be
written in Perl integrated into the SWRC platform. Simulations for short ideal
ISVAWGN Channel, short codeword length and code rate=0.7 may be provided.
According to various embodiments, more than 2dB gain of JVDD over iterative detector
may be provided. Gain increases with CWL (which may be unexpected). JVDD may
have a steeper slope than iterative detector. Improvement with threshold according to
various embodiments may approach optimum.

[0074] Simulations and simulation experiments to study the performance and
complexity of the JVDD when using the GDLD, GDPD and random codes were
performed. For each simulation set, the performance of the JVDD with the various codes

is compared with that of the conventional iterative detector/decoder using the BCJR and
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SPA algorithms. The simulations were conducted over a coded ISYAWGN channel. The

parameters used in the simulations are documented in Table 1.

channel SNR 6,7,8,9, 10
hi 0.408248, 0.816497, 0.408248
codes R 0.82, 0.86, 0.90, 0.94, 0.98
CWL 256, 512
type Random, GDLD, GDPD

BCIR-SPA | locallter 150
globalIter | 6

JVDD threshold 2
maxNoSurv 1000, 10000

Table 1.

[0075]  The properties of the codes tested are as shown in Table 2.

random codes | col_weight | 3. 4,5
GDLD codes | row_weight | 50, 100, 150
o 50, 100, 150
offset 40, 70, 100, 130, 160
GDPD codes | row_weight | 50, 100, 150
o 50, 100, 150
Y 0. -0.5, -1, -1.5, -2
Table 2.
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[0076] In the following, simulation results will be described. Simulations were first
carried out to evaluate the overall performance of the three classes of codes when used
with both detection schemes at CWL=256 and R=0.9 and with threshold=2 and
maxNoSurv=1000. Following that, one of the best GDLD and GDPD codes were
identified and a study on the performance as a function of each individual design
parameters of the codes was carried out.

[0077] In the following, performance of JVDD and iterative detector/decoder when
used with different class of codes will be described.

[0078] FIG. 10 shows an illustration 1000 of a performance comparison for
random/GDLD codes (left) and for random/GDPD codes (right) at CWL=256 and R=0.9.
The figure also compares the JVDD and iterative detector/decoder. Here, threshold and
maxNoSurv are set to 2 and 1000 respectively.

[0079] FIG. 10 shows the performance curves for both detector/ decoders when used
with random/GDLD codes on the left and random/GDPD codes on the right. The random
LDPC codes are used as the benchmark in both cases. In this figure, the different line
styles (solid and dotted) represent the curves for JVDD and iterative detector respectively,
while different markers represent the different classes of codes and the colors are used to
differentiate between codes in the same class with different parameters. The same color is
used to represent the same code between the two types of detectors/decoders. The study
may be started by plotting all the results in FIG. 10 to observe the trends and to identify
the good/best performing curves for further dissection.

[0080] In FIG. 10, the JVDD outperforms the iterative system for random, GDLD

and GDPD codes, attaining a largest performance difference of more than 2 dB. Looking
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at the curves on both plots, in general the JVDD codes tend to outperform the random
codes when used with the JVDD, while random codes tend to perform better with the
iterative detector. As described above, the last ’1° in each column of H are more evenly
distributed in JVDD codes as oppose to that in random codes. This helps to enhance the
complexity/performance of JVDD. Conversely, for the iterative system, random codes
are seen to have better performance than the JVDD codes. This is due to the presence of
relatively larger number of short cycles in JVDD codes than in random codes, leading to
a greater performance degradation in the SPA decoder of the iterative system. Looking at
the curves for random codes (X markers), increasing values of col_weight gives better
performance for both detection schemes. The trends of the TVDD codes are not clear as
they are dependent on the variation of 3 parameters. As such, in the following, a study on
the variation of each parameter individually will be described.

[0081] From the mass plot in FIG. 10, one of the best GDLD and GDPD codes may
be identified for a more in-depth dissection. For the GDLD, parameters row_weight=50,
=150 and offset=100 may be chosen, and for the GDPD, parameters row_weight=100,
0=100 and y=-1.5 may be chosen. Starting from these 2 curves, each of the 3 design
parameters (row_weight, 0 and offset for the GDLD code and row_weight, o and y for
the GDPD code) may be changed, and the effect and sensitivity of the performance to
each parameter will be described.

[0082] In the following, effects of GDLD and GDPD code design parameters will be
described.

[0083] FIG. 11 shows an illustration 1100 of effects of the various parameters of

GDLD and GDPD on performance and computational complexity of JVDD. The top 3
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plots show the performance of GDPD and GDLD codes varying each of their key design
parameters, while the bottom 3 plots show the complexity in terms of the average number
of survivors. The left, middle and right plots represent the effect of varying row_weight,
¢ and, the third design parameter (offset for GDLD and y for GDPD) respectively.

[0084] FIG. 11 shows the effects of the listed parameters of GDLD and GDPD on
performance and computational complexity of the JVDD. Additional ¢ and row_weight
points are included here for a more thorough analysis. Only the results of the JVYDD may
be plotted omitting the iterative detector and varying just a single JVDD code parameter
in each case.

[0085] Both GDLD and GDPD codes may be plotted on the same figure with
performance curves shown above and complexity curves below. The computational
complexity is quantified in terms of the average number of survivors in the JVDD trellis.
The effect of variation of row_weight on the GDLD and GDPD codes is shown in the
leftmost column of FIG. 11. It can be seen in this figure that the performance of JVDD
improves as row_weight increases for both GDPD and GDLD codes, up to an optimal
row_weight of 100 for GDLD and 80 for GDPD. Beyond this point, further increase in
row_weight leads to a deterioration in performance. The corresponding complexity plots
for both codes indicate that smaller row_weights are in general less complex (with an
exception for row_weight=20).

[0086] The middle column plots in FIG. 11 show the effect of varying o on the
performance and complexity of the GDLD/GDPD codes. Both GDLD and GDPD show
an improvement with increasing ¢, up to 0=180. Beyond this ¢ value, the performance of

the detector degrades slightly. The ¢ variation only has a small effect on the JVDD’s
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complexity, especially for the GDLD codes. There is a slightly greater dependency on ¢
for the GDPD codes with reduced complexity as ¢ increases. It is to be notes that it
makes sense that performance should increase with increasing ¢. Referring back to FIG.
5, it can be seen that smaller ¢ leads to the ‘1°s clumped more closely the diagonal, while
larger ¢ leads to more spread-out ‘1’s in each row. When the ‘1’s in each row are tightly
clumped, checking of bits only occurs in a very limited range of the codeword. This
means that each channel bit is only checked with bits nearby, and not with bits further
away for small gs. This is almost equivalent to having the longer codeword broken up
into a sequence of shorter codewords and in general, shorter codewords don’t perform as
well.

[0087] In the rightmost portion of FIG. 11, the performance and complexity for
variations in the third parameter which is the offset parameter in the case of GDLD codes
and the y parameter for GDPD codes is plotted. Increasing the GDLD offset parameter
enhances the performance until an optimum point is reached, after which further increase
reduces the performance. Meanwhile, the trend of increasing complexity with increasing
offset is evident here. This trend is attributed to the fact that as offset gets larger, the
‘parity checks’ section gets shifted later in the JVDD trellis. The number of survivors
thus has more opportunity to grow before the ‘parity checks’ section begins, leading to
higher average number of survivors. This, however, causes the average number of
survivors to exceed the maxNoSurv limit of 1000. Survivor paths are thrown away as a
result, causing the MMLC to be discarded with a higher likelihood and hence a

deterioration in performance. For the GDPD parameter y, the performance shows a clear
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trend of improving with increasing y value. The complexity plots, however, appears to be
pretty insensitive to this parameter.

[0088] In the following, effects of varying code rate, R, will be described. The code
rate, R, of each of the three types of codes may be varied, and the performance of VDD
and the iterative detector/decoder may be evaluated.

[0089] FIG. 12 shows an illustration 1200 of plots of FER vs code rate for JVDD and
iterative detector/decoder when used with the following codes: random (left), GDLD-
row_weight=50, 0=150, offset=100 (middle) and GDPD-row_weight=50, 6=100, y=-1.5
(right), at CWL=256 (top) and CWL=512 (bottom). Threshold=2 and maxNoSurv=1000
may be maintained in these simulations. The different color schemes used represent
different SNR values.

[0090] In FIG. 12, the top row corresponds to CWL=256 while CWL=512 is for the
bottom set and R is varied for each type of code. The left, middle and right columns
represent plots for random, GDLD and GDPD codes respectively.

[0091] Comparing across the 3 columns, the general trend observed is that the JVDD
tends to perform better with the GDLD and GDPD codes at shorter. CWLs while the
iterative detector tends to perform better with random codes and at longer CWLs. This
can be aftributed to the fact that while random codes are good for the iterative system,
they are less good for the JVDD as described above. For the random codes (left column),
the JVDD does still outperform the iterative detector at the shorter CWL, especially
towards the higher SNR’s. At the longer CWL, the JVDD does not display the usual

waterfall in performance at the low SNR’s, but performs much better at the higher SNRs.
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This observation is attributed to the greater effect of maxNoSurv impairing the JVDD’s
performance at longer CWL due to increased JVDD demands on computational resources.
[0092]  For the GDLD (center column) and GDPD (right column) simulations, the
JVDD is winning in all the cases tested. The iterative detector in fact is performing quite
poorly due to the existence of short cycles in the JVDD codes. This results in the rather
flat performance observed with decreasing code rates of the iterative system. The JVDD
on the other hand is not expected to be degraded by short-cycles, but the there is evidence
of an error-floor in certain cases, such as the SNR=6 curve for CWL=256. This
degradation may attribute to the maxNoSurv=1000 impeding the JVDD’s performance
when the computational demands becomes too large. Again, the trend may be observed
that at longer CWL, the improvement with increasing SNR is more pronounced for the
JVDD. It may be expect that the JVDD becomes closer to optimal at higher SNR’s as
fewer competing survivors make it inside the threshold leading to reduced complexity,
which is always traded off for performance when the maxNoSurv and threshold
parameters are accounted for.

[0093] According to various embodiments, novel joint detector and decoder, the
JVDD, may be provided, that is shown to outperform the state-of the art iterative.
detector/decoder over an AWGN/ISI channel. The JVDD is conditionally an optimal
detector/decoder, the condition being the sufficiency of computational resources. At short
CWLs (=<512), it is found to be relatively easy to approach the optimal performance limit
without incurring excessive computational complexity, but at longer CWLs, this becomes
more of a challenge. The mechanism through which the JVDD fails to achieve optimality,

is by discarding the MMLC during the metric thresholding portion of the method.
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[0094]  Based on the theoretical expected number of survivors in the JVDD trellis,
according to various embodiments, several approaches through which the JVDD
complexity can be managed may be provided. This includes appropriate selection of the
threshold and maxNoSurv parameters, using JVDD codes, higher SNRs and lower code
rates. The effect of these parameters on the average number of survivors in the JVDD
trellis is also demonstrated and verified by the simulation results described above. The
main challenge for the JVDD is achieving optimal performance at longer CWLs with
reasonable complexities. For channels with shorter CWLs, the JVDD may win in all
areas over the iterative detector and should be the algorithm of choice for any such
applications.

[0095] According to various embodiments, the JVDD may be provided as an
alternative to the commonly used iterative detector/decoder. In managing the
computational complexity of the JVDD algorithm, two new classes of codes may be
provided as alternatives to existing LDPC codes that are used with the iterative
detector/decoder. These ‘JVDD codes’ are more suitable for the JVDD as they result in
lower complexity when used with this algorithm. These codes however do not perform as
well with the iterative detector, as their design makes no attempt to control the number of
short cycles, which degrades the performance of the SPA decoder. The performance of
the JVDD codes are dependent on the design parameters chosen for the codes. The effect
of variations in these parameters on performance were investigated. In general, the JVDD
does better with larger o, y (for GDPD) and offset (for GDLD), and at an optimal
row_weight. In the code rate study conducted, the JVDD consistently performed better

with JVDD codes than random codes, across the range of R tested. It was also shown to
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do better at lower R where there are more parity checks per bit as well as at higher SNR
where there are fewer paths competing with the MMLC. At a longer CWL, however, the
iterative detector/decoder gains ground and eventually outperforms the JVDD as the
performance of the iterative system is enhanced at longer CWLs, whereas the JVDD
suffers when the CWL is large as the number of survivors grows significantly with a
longer trellis. Further work to improve the JVDD at longer CWLs is warranted.

[0096] Like Viterbi and BCJR, JVDD according to various embodiments may be is
“optimal” over AWGN/ISI channels.

[0097] Devices and methods may be provided that can outperform the state-of-the-art
iterative detector used in recording channels today at viable complexity, can in an
optimum condition outperform the iterative detector, have a steeper waterfall region, may
not have unwanted error-floors, may be conceptually simpler, and may be tuneable using
parameters for a complexity/performance tradeoff.

[0098] While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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What is claimed is:
1. A joint detector/decoder device comprising:
an input circuit configured to receive an input signal;

a survivor splitting circuit configured to produce a plurality of survivors of a next
instance based on at least one survivor of a previous instance and based on the
input signal;

a survivor discarding circuit configured to discard survivors based on a set of
predetermined criteria;

wherein each survivor has an associated bit sequence; and

wherein the set of predetermined criteria comprises a parity check based on
whether the survivor's bit pattern satisfies one or more checks of a parity check
matrix.

2. The joint detector/decoder device of claim 1, wherein a survivor determination
circuit comprising the survivor splitting circuit and the survivor discarding circuit
is configured to determine that a survivor survives to the next instance if a metric
of the survivor is less than a predetermined metric threshold.

3. The joint detector/decoder device of claim 2, wherein the metric comprises an
Euclidean metric.

4. The joint detector/decoder device of claim 2, wherein the predetermined metric
threshold is set to a minimum metric plus a constant user-definable threshold
parameter.

5. The joint detector/decoder device of claim 1, wherein the survivor
determination circuit is further configured to retain a predetermined set of
survivors with smallest metrics as the plurality of survivors of the next instance.

6. The joint detector/decoder device of claim 1, wherein the parity check matrix
comprises a matrix with entries of zero above a predetermined sub-diagonal of the
parity check matrix.

7. The joint detector/decoder device of claim 1, further comprising:

a metric determination circuit configured to determine a metric for survivor paths
in a trellis.
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8. A joint detection/decoding method comprising:
receiving an input signal;

producing a plurality of survivors of a next instance based on at least one survivor
of a previous instance and based on the input signal;

discarding survivors based on a set of predetermined criteria;
wherein each survivor has an associated bit sequence; and

wherein the set of predetermined criteria comprises a parity check based on
whether the survivor's bit pattern satisfies one or more checks of a parity check
matrix.

9. The joint detection/decoding method of claim 8, further comprising:
determining that a survivor survives to the next instance if a metric of the survivor
is less than a predetermined metric threshold.

10. The joint detection/decoding method of claim 9, wherein the metric comprises
an Fuclidean metric.

11. The joint detector/decoder method of claim 9, wherein the predetermined
metric threshold is set to a minimum metric plus a constant user-definable
threshold parameter.

12. The joint detection/decoding method of claim 8, further comprising:
retaining a predetermined number of survivors with smallest metrics as the
plurality of survivors of the next instance.

13. The joint detection/decoding method of claim 8, wherein the parity check
matrix comprises a matrix with entries of zero above a predetermined sub-
diagonal of the parity check matrix.

14. The joint detection/decoding method of claim 8, further comprising:
determining, during a metric thresholding section, whether a survivor carries on to
the next instance based on a metric of the bit sequence and independent from
whether the bit sequence fulfills a predetermined validity criterion.

15. The joint detection/decoding method of claim 14, further comprising:
determining, during a parity check section, whether a survivor carries on to the
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next instance based on a metric of the bit sequence and based on whether the bit
sequence fulfills a predetermined validity criterion.

16. The joint detector/decoder method of claim 8, further comprising:

determining a metric for survivor paths in a trellis.
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