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[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.
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[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.
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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 resuits 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;



enbodi ments; 10 shows illustrations ofsimulationresults according to
various FIG 11

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, e.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
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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
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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 Output 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
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speci al purpose circuitry or a processor executing
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
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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
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i nstance. 100201According to various enbodi nents, the pre-determ ned
val i dity @hidn€é fi@filldBYre-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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be based on whether the survivor's bit pattern satisfies the checks
of a parity check matrix. 100211According to various enbodi nents, the
parity check matrix may include or may be a matrix wth entries of
zero above a pre-determ ned sub-di agonal of the parity check matrix.

[ 00221According to various enbodi nents, the survivor splitting
circuit 104 and the survivor discarding circuit 106 may be confi gured

to, durindetdc (Ridefified by 88Naleehi RGosiank bANhrA851AIHY). Mhe RGO Blay dry to find
survivor carries on to the next 1nstance based on a netric of 'the bit

sequence gh glllgﬂelgfﬁlggl%qg%afl LOMBWHE k%(g)?ﬁoxgi a é’?ﬁg Uange célﬂ%él}isnlgl sarivor

pre-det erm ne Ity criterion'1 ccordiig to var

enbodi ment g, }Lfl‘e‘%e R Y%[vﬁ‘?} Shdlaatl o0 SlreuLl g hBY 0 Gonfhaureg Lo,
during albari y eheck’ section, dgkernlne et Her" A surViver Tedr Fiee
on to the next instance based on a netric of the bit sequence and
based ontaﬁ@TH@Fn?ﬁﬂﬁﬁ?t sequence fulfills a pre-determned validity

criterion, [00241According tq various enbodi nents, .the netric na%
i ncl ude dPOFfly pRIGin Beghawsgr devidipgiem 115 Hluslaing @ jeipedetertiopqdesqding

di stance between the noise-free waveform and the received waveform
[ 00251 Thengtiwchaccording t9 vagione embedinentsdbyr | dewn dwut sigeal may b¢ rageived.dm
the plurality of
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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candi date survivors, the survivor that corresponds to a bit sequence
that is a |l egal codeword (according to the parity check matrix) and

simul taneously has the mninum netric (as defined by the Viterb

al gorithmand threshol ding). The device nmay try to find the m ni num

metric | egal codeword (MMLC) from anpongst all the conpeting survivor
paths. There is only 1 MM.C, and the device is trying to find it. If

|t succeggpaylt ROKRTed RoGIEMIM ARG ShitkRAROKE) Go HRRDAWSaAditiow

diagram 112 illustrating a joIrnt detection/ decoding method accordi ng
to vari ous.. enbgdi apn, | i I ecej - 1n
196, a ol PP PHeLRE Dheoded (NOp) Weckhild 18R TYAREal D8 Jk il
based on at | east agne jvor .of a.prevjous.instance an ased on
Che 1 nputLrufiapteoRBE (AT 1t 1 rufiREE A nel B Patbin Shbe o BRg el
In 118, suyrviyvors gay,be di scarded based on a set of predeterm ned
criteria‘%ﬁﬁ“ﬁﬁ?ﬁﬁ %maﬁagnwvieﬁﬁvl ~determned that a survivor is
carries on to the next instance if its netric fulfills a

pre- det erl@¥dd vEIG £ shovey pr exanaply coppomiganer sydem dleck diagiamysd00. The
enbodi ments, the joint detection/ decoding nethod may further include
det er mi niqomnnatatign systemnvZ0 gay vinsdede tw entelen@f?, amANVEGYESI fmadek with
nmetric of the survivor is wwthin a pre-determ ned netric threshold.

[ 0028] Ac chastiehgotfficiearsi Huside b @dinmaintys nsqdoitsrativdedeatirtlatodde Caddudige a
met hod may further include retaining a predeterm ned nunber of

sur vi vor sdevdctdd 208 and BrletRist 2081sIsh6%n 38 thd@pPThY Bopddtd MinSUiimbV @St

t he next instance.

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
BCIJR algorithm. For example, the decoder 208 may be a SPA decoder. The BCJR/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

12



[ 0029] According to various enbodi nents, the pre-determned 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 enbodi nents, the parity check matrix may
include or may be a matrix with entries of zero above a

pre-determ ned sub-di agonal of the parity check matrix. 100311A
devi ces agGREMINGQnUAE 1QbSEIRCHITRO IS B2 RTEE SRR ng&}%ﬁ’réno]rphd%t

Vi t er bi Eetector Decoder (JVDD). According to various enbodl nments

Joi nt Vt {?@WBDD&%QP‘%@O (agéé'i@l T ¥adius dén?o dﬂ%&t%ﬁ%cﬁr{o%%%gt&

vari ous ol nt detection nd eco

%ﬁ?iiﬁﬂﬂ&&f h%ﬂn@@%ﬂqa%s g0 ﬁ@'ft‘fp‘é‘ﬂteé deg%@%%ﬂ%g%%‘ﬁw w%%ﬁ?ﬁ%?'

nodel with channe| coefficients hk 2 A co nly ysed iterativ
det ect or /HEL &a@w%@w&%&*ﬁ s 2 Yrp 264 Bhichdp AE BN BBV IO G, %

on the top. The proposed joint Viterbi detector decoder 210 is shomn
on the bdia éeferitidebaeirodesordipg tp svagpus prabedimartsi the i IYPLY jageroaghgmay be
encodes the data. The channel transmts the data. The iterative

det ect or @pBedrid ededdita 2RBsmissiomhevpr inoisyalll dnmbods.nBow dredmeted is
joint detector and decoder 210 according to various enbodi nents is

t he new yfopndpes edd dompet adigess @eetivarissudhassotieted twivteitdeilleiad destriledoder
does detection and decodi ng separately while the joint

det ect or /deeqRel dpes themtogether. For exanple, in the comonly
used device, the detector 206 may be configured in accordance with

the SOYA |]€)§ﬂft opt it fo}{b&/ﬁxrgg'thep\jﬁﬂr Vibg) DREcckirt Deddgr %@Hb&h%%\r?gt geh)

For exa t he decoder may be a SPA decoder. The BCJ

detector Anflel o ARAA0K crlIBHThLAR R QlesAfba! T o7 2L i ve

det ect or/ coder e bottom pat jOInt |terb| detector/decoder

f h
the upporlOBEt { onrorvRPalbstiRaYE LA FRBRHPR R onbte el st

decoder 208 sho 8 §H¥entFPnal prior-art iterative detector/
decoder, WWWq@g ARV ion of FIG 2 shows the proposed JVDD
accordlng to various enbodlnents [0033] In the prior-art iterative

det ect or ©OA3n i FIGF Gshows pmalusatin 390 Bf agwioper Veabdkhelis aitied stateshe

channel while the decoder 208 has know edge of the code. Information
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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is iterated between the detector 206 and the decoder 208 until a
sufficiency criterion has been net. The JVDD bl ock 210 according to
various enbodi nents has know edge of both the channel and the code to
do detection and decoding jointly. This information is used to decide
whi ch paths to keep and which to discard within the JVDD trellis, as
wi |l be described bel ow. According to various enbodi nents, the JVDD
approach ¢myrvRgorPR 0Bt Hitit Ciafdadstaladk anll HdSThSHEOVIRY 8F the Chshell fhput
channels. How the nmethod is formul ated and how to address practi cal

| ssues asgPehAbLen "Mttsféqﬁénce‘!“ilgﬂu_t ReARsEY iReGahfll RIE I@?ﬂ@gxlanaf bW is
[0034] In the follow ng, the Joint Viterbi Detector/ Decoder JVD@

met hod a | C ccar di vard o i . .
descri bod PP BHAETRRZE SOy A 2 B is P BhieNERbT al Y 3%y e i e
operate on.a trellis, simlar. to the reqular. Viterhi orithm .
{50361 Fr cabish-AeSnatalh oo of P e et Pifiied o T o i <
wth 4 states corresponding to the - - (302) - + (304), + - (306) and
+ o+ ( 308)ﬂn§tfw@§51dlre FHETtOR A BreTPIatY AR hqngs given by giate A02 f timp & to state
direction corresponds to different states of the channel while the
hor i zont al006gdtrtnee &) (st ereurring. Each bansftianhlasfits ewn meise-fief rvaluereompnteds
310, 312, 314, 316 are exenplary | abel ed) corresponds to tine

evol ut i onfrgh thhehdnnel ewdficaense 7x T0d Pt hisvivbr owgle ishiermedeby isamtrings the
correspond to the time-evolution of the state of the channel. The
state of the channe] is determned by the bit seguence into the .
channel 2uanchsmetgipr pashhragch forming whe, sufgivor dn %%er@lﬁa‘fﬂ}er‘l’la%%ﬂrébmas
316) through the trellis corresponds to a bit seflience into the
channel . Each survivor .path has a correspondi ng survivor netric
conput ed WEPAFE WO RKATIBG SHVIMOR SeHES At AsSIn BRCHRt Br HFEhiRE R dppndhe
survivor, referred to as the branch netrics. Each branch netric is
conmput ed dscardsdhHaeder.ddad VIR elgadbnieompaeas noHdple ditvomingsuingroraket(io0®)
at that tine instance and the noi se-free val ue of the channel output
for the ¢ gwen bpde ster)gionn énienipstantde fand discioys thrse slaivoed whossteetribd atche
branch netric is | abel ed bk, then bk=(zk-sk)2 where zk is the
readback lefgsethéattheomidinui metrk Hy208 predsfnddsthidikoldoAs exdmgle of hasapgtor
output for the given branch transition defined by the state from

whi ch andpatipthvdlighhhd f€llié [sRsh P Righfd B EXNENHoAENselol ARShdsioRNwE SnigthMaiR
by state 302 at tine k to state 306 at tinme k+1) is occurring. Each

transitiofe Bagsial 8: ownnai se~f r gl ¥al vereomput &hbaR éb@sﬁhéwﬁ&e 3
coefficients hk 204. The survivor nmetric is forned by summ ng the

br anCh. %’a'tﬁn iﬁgnsetggﬂtégrlaﬂ%] 2]: Q,rf{ﬂl p@...tQ@...Sé{)@éﬁp\{)?lﬁfnglt@h-lezsg&emér Qieoits

Viterbi algorithm
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 to 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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i-0 conpares two incomng survivor metrics at a given node at a given
time instant k and discards the larger. The JVDD al gorithm conpares
multiple incomng survivor netrics at a given node at a given tine
instant k. and di scards those survivors whose netrics are |arger than
the mninumnetric by the predefined threshold. An exanple of a
survivor path through the trellis is shown in Figure 3 (316). For

ease of Olhé‘é}‘rh?lﬁ 198 teniffnafaY P’é“rﬁ'; AL R afi L RMERatAS thlre will be N1 1 i
- and 3: + Fle seurwavor ovvn |n %16 staar;tas a{e‘glae nmvéjsan%ro

transiti onﬁcﬁ Qou% ?E 811?1%111 inep i sui'vwdr th ilﬁxfte{ F]he channeI is re ed%gg g{vﬂg
to the sequence o L OWA “assocT ared W sur vi vor. € sSurvivor

has an assoqci ateq metric that is a Eflltat ve measg{e @fg how ctﬁ%}e,
in the ECAPJeReGmupgmee MeHHsIViy paWhIGh Jray Jpens by Bassed #5 g QWHRVEP

is to the actual waveform The prior-art Viterbi algorithmreturns
the snal 18&tHBt ri ¢ wavef orm by discarding all larger netric
survivors at each step in the trellis. The prior-art Viterbi trellis
starts wil0BBZA sufhe V8PP, accofding #x Marigfustemebodinqnsg bas kipvdedget afr the code,
trellis is termnated by flushing the channel wi th enough known bits
t o cl ear misbaievosiyilard to e prior-tuh & iterte lal gositino irathk newic hteabading section
Typically this known state is the O state, and the channel nust be
fl ushed wit2has will bs désorib&l bildw). IThe OVATK Qv alst ladve itfbrnadtion-onsthe Befeoine
the channel is termnated (returned to the all-zero state), there

will be Nhsvi YOt ity Gheckhhifix GQUNWGLEE IRTdMnalen AR itlfe SddleV itVi@hnot
path. After the channel is returned to a known state, a single

M ni UM MRfk & 1SY ¥bdeQordh Ghe Hﬂ%{ytcﬂé‘&s Q@cti%ﬂsﬁﬁg n%?v dli be dgééthH b&Bwﬁ he

al gorithm [0037] The JVDD accor ng to various I ments

know edge, uprc% I??ithg AftSadd alle Jﬁlﬁ&% g}ngt%% t§) ﬁﬁ)%ﬁ fgﬁdt%f%@g =v6 %vﬁgrlgl

algorlthmln I’IC gsec

descri bed b VDD . ave | r ion

the for mcolﬁ%l?%@hb‘éﬁgf’vﬁrdcw&mig‘l iﬂ’fﬁ PRRY Bﬁ%rflnatp Hgﬁ |I§)h1 gﬁ%ﬁi’e‘:{
code, it cann return a le codeword. In fhe parity checks sectlon
404 (as Veras: g%“’&’é’é d’ﬁ’fhﬁé}éfdtbtg‘ﬁl ) pardy checfore %cﬁ%deg ﬁ&dﬁ&f 1$-ohig 1\P
checked agai nst the parity check equatj ons: cHT 0 where c is the 1
xN codewotias v eetem, they legal chdeward tlﬁé@@@c%é@wmfmclamt © the regpivedx M
vector zeros. Survivor paths that fail the parity check are di scarded
in the tredefem Phihe Pbdeanndistancer sange. tHowievet, eigy athayc nel éaged be [ratrect to
produces the waveform closest to the received waveformin the

Eucl i deandigtiast dhpehseils targddoneriesr as wds doay imthe Ipaingent Viertd algoeidim, twehen
discard all paths with larger nmetrics as was done in the prior-art
Viterbi ahgehdityuieckide imttien PO it Mclobel ki SalldinadtiopathQOftay fod tetdrigded.
A smaller netric path may not belong to | egal codeword and di scardi ng

al | pat hgemi t-Badvr@and rb?stcﬁﬂdﬁ?g élPRStﬂﬁvdmtng%r hﬁfrﬁ:%hﬁ'tﬂé Hﬁtr&eﬁ'ﬁésﬁ&dHIQZ
may end up dlscardlngt e at we are trying to f |n Thus in

condi t | oft L zﬁ*‘%a%??f"éi‘*‘%%% qﬂﬁlﬂ@*}%@%"aé#‘?’i ARk 5 B
i Scar Wlﬂmﬁi}wﬁex% VB R R B SRR Pt
st Qgﬁgﬁereégfngﬁgfr%%ﬂ}'géﬁn% A Btk easb o Ton R Soe

omtted. |n 4, the JVDD trellis is divided into two sectlons
I'n the mehe p@b@blb@'sqfélsaalﬁglgéb%w&ac@@ aceppiptiBlovplevel. may be det ect ed
in simlar fashion to the commonly used Viterbi algorithm but using
a t hr eshd0B38& at hBIG. tdheawa adiillustretioofibel the AVIAD tedlit likdwhosmah FIG. 3, so
Metrics may be conmputed in the sane way as with the Viterbi

al gori t hnthatathel s weifaredice signis mayetba used ahddgglicatendencription may taiemired.rinc
by the user-defined threshold may be discarded. In the parity bit
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1003911t

may be recalled that His an Mx N nmatrix (which may be

called the parity check matrix) where Mis the nunber of parity
checks and N is the nunber of channel bits Each row of H corresponds
to one of the Mparity checks and the syndronme check equation for a
single row (check) of H can be witten as chiT = 0, where hi is the
ith row of H This check on the ith row of H can occur during the

JVDD al goprict BMtrviDre tkiiidgs WhakRdtiie &B%B&%‘ns.%tthéﬁfefr%s%%@ﬁmﬂ'iﬂg Lectfolie

| ast " 1"

in hi is detected. Hence the checks in the JV

iy ‘ . T rbat g
pari ty- chggl %Ea?ﬁ&t bitd) G St ﬂ@t%«g%ﬁﬁ?xﬁ%@&? fadh?ddd ﬁ?%ngone\iﬁ?llgﬂqltsh%?eﬂerb]i

of arowint

e parity chec he region in

parity Cha?é:qg%agq,c Ht;uéaﬁg lrzlaa&%sggldt 1@1 eé ngagnl %gdice%? %lér';lp%sr?s%}li \gﬂl'lcfugéhrge;kftl%fe

trellis in

the trell

tend to DECEFHMEE

n owar ds
is,.sinc& that |

typically wherg the Jast "1" in each row
o cpmppied i, Mg st ivetonth Y tabiele b s i grs

general appen

check section 404, the Viterbi netric conputation and threshol d
conpar i sokithnaetags largep dhang thej winigun mawicshy (e, Byes-dghgeds thrgsholdemay be
considered, like in the nmetric threshol ding section 402, but that in

addi ti on,

digcaulegalnithy parip bk spetipnfdQfs diditionh] ermpatationpare pstdemisdovlenever

[ 0040] Here it becones clear that the JVDD al gorithm makes use of
knowl edgehobit 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 h; 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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both the channel and of the code corresponding to the operations in
the "metric threshol ding" section 402 and the "parity bits" section
404 respectively. The operations in the "netric threshol ding" section
actual ly occur throughout the entire trellis, including conputing
metrics and discarding survivors with nmetrics that exceed the m ni num
metric by threshold. Correspondingly, the "parity bits" operations
actually RaRHCofbufo artRBRSIIIE obrhPRisb iaFNER Belolhriel Sul £fd dubivort Hay

those tine indices k corresponding t a particular

row in H i f t.h V t

find and Srtlcielta%r%gﬂgmg ﬁe & thé %FI?CC%fe%HOI?IH§§3§n%r (F)ﬂf@ .&V@ddl%fl i {I’?]lg

the MVLC as. t he | egal od mnrd ccordrn to the parity check matrix
%ﬁ?&gg é% ﬁh

H with tHEY% °F FENRAC ORI EYPn the netric tlreshol di ng
section an b seen at the JVDD attenpts to achjeve this
t hr ough tlﬁa‘“ﬂ Fré\}f E theh s @@%19. ithyn makes pscepd rlgowlq%é of

mnimmmnetric part is addressed by the "nmetric thresholdin section
and the |bognithe chewst dnpanft thescadgaeaseseanding 6 sheapperadons| in Sier Uingisies
that violate the codeword constraint in the "parity checks" section.
[0042] | t thivshdldingesagtiord02 had theliparityDilsd easion 304 gesac@ivelye The opebtinng
the MMLC, which may be the optinmal decision for a coded AWGV | S
channel . iihies ‘hvdb: doeshdldimy’ |sedtipnraefuallyoddae tivddgBoutf thé betird/Mellispiatinding
acquires a larger nmetric over a part of the trellis that causes it to
be di scargdefhutlhld mB@lick ARl difdeEROhiivivORRATH HemicMhblexRe dORP BliniRGinPAkRici N
the nmetric threshol ding section 402. If any other survivor in the

trellis NANRRERIECHSpGUmBy, TR Habn gt of)ecratm?l@%cﬁl oéchf ﬁs\}%%emﬁc

snal l er than the MML.C at any point in the trel en t he

Id b ke
cou € 'EHH SHfed 19 glhg G Rk 't1ﬁlet1%€§shl? gllr%ggl?rﬁlg%'to?{ﬂeﬁg{} O‘%ﬁ of a

reachi ng e parrty c ng section VI ous
desired thqctm: Wln returns the MMLC, this is undesirable and one
way to pri8VERt fhY & Yay be to use a Iarger t hreshol d. Lar ger

t hr eshol ues oduc ponenti.a re survivors, resulting in

gr eat er 38?4%& e T @ISt & rfﬁ &erey OfHE c’ @leogthm ds dafind; pag retpa the

threshold controls the trade-off betmeen t he perfornmance and

conpl exi tHinjrur eetris fogal cpHevorgiMEE). We dsférwotge MMLCas tholsgalcodewde

is a chance that it is discarding the MM.C, but it beconmes opti nmal
Wi t h i ncrieessiding tchihesiraoityl chesgcortdik i) wish vhe waliese msti sesmmsputdm tihe
JVDD the threshold value may be chosen, and ways may be provided to
manage theadodphﬁmkﬁmgﬁmﬁoméasdhahiheshmekMGhd§VDED@w3MMh&nwmmweSMGId
is large enough, the MMLC is assured to survive to the end of
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 trellis. As threshold ->00 (which may nean that no threshold is
present, as all netrics would be smaller than the threshold), no
survivors are killed in the "netric threshol ding" section and the
MWLC is sure to make it through both sections to enmerge the wi nning
m nimum metric survivor fromthe trellis. However the conplexity wll
approach that of the brute-force detector which conputes the netric
of every i : i -1.he
WLC car 1§ iRt bl ctnUDRITRR HBAATREH (RARRR ghche 1 ori
make it t h. Ll i S de 8 i Ll survi.vor up
kil | ed byg] {“?%’fé‘%g%%“—. § 91%‘% Uhdplinrdendly s HIR, HENIMIC ot iR e %glﬁfil e
of options. FEir It retur erroy def aul odewor d suc S
Che i 1 - 26 oMo o R s disgarted Yuhe Jhe SRR ehyeftRIELE shecir Dot
trellis, in r_ea%e t he threshol d pararre]’t&& and run the algorithm
again.  CEHRaihe pagly ¢heeking/sistion g pystn: S Mgnay, by desigd dhat the JVDD
enbodi nents, a way of managi ng the nunber of survivors is by tweaking
t he t hr esigbimep tba?ﬁ%ﬁeﬂus I¥ndespaltle aed ene wahioayesntbispnaxba ip usedlagsron
at a cost to the performance. [0046] According to various enbodi nents,
t he maxi nthreskheldbbargef theesholidvatesmaydive dxpondnéelly o Firwvers, acfultingein
threshold is needed to prevent discarding of the MWC, but |arge
conpl exi tgresera¢eenpuddtionslcapipddiitg, Hanceirosad beasepl el the-thieshdld Rgntrols the
paranmeter can be introduced that nmay be called the naxNoSurv

par anet ertradboft B&w&&m&ﬁ@ﬂﬁﬁ{aﬁee bl SorhSleife ifehel NEODNUAD IV DY will be
survivors in the algorithmthat the JvDD will allow It is

i mpl ement &g, My ATde5dng hBe ib hehaRb BTV ichﬁéc%rd?&’g IR TRt §Dedditks
keepi ng the maxNoSurv smallest netric survivors at each tinme-step In

e et Ll SR SHOE A R ool SSGRABA A s vop e

survivorsto the 't d parame .

ML U IR Lo C ECR IR ———

combi ned. reasonable thresholds.
[0043] When threshold is large enough, the MMLC is assured to survive to the end of
the trellis. As threshold —o (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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For exanple, as long as the nunmber of survivors is |ess than
maxNoSurv, threshold may be applied. [0049]1n the follow ng, JVDD
codes according to various enbodinents 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 | owdensity requirenment of LDPC
codes cones fromthe SPA nethod. The JVDD has no such restriction on

the code @oglghi 9hr @eRSidwin@@eidribes CRHEGKpIRhELS Rat & HRQstPRnddage the
desi red. wever random codes result in high computational conpfexity

for the J . Her pose a class of codes that help to manage

t he conpl%%%??ﬁﬁfﬁpﬁ@n@g%D by their design. 100511FI G 5 shows an
illustratj 500,0f three parity check trices of a random LDPC cqde
on the Vet ofSkeripe G gk et ol £ ofinobimeb R po LA
D agonal ) caqde i.n the niddle roposed along with the JVDD) and GDPD
(Gaussi ar™BIEeTs iiH Y (CBFAKEE H5d gl REBRAIF Lot @B o By fsorpmplexity
(proposed along with the JVDD). Black and white pixels represents
bits '1' Hftiopat ¢ gashiocthe pefgmameom the FIG 5, it can be seen that

t he channel bits that correspond to the last '1' in every row of the
random pal0P46} chéctordimg rto waiouspmbadenerity shemeximum himbeanf swfvivdre may
matrix. This inplies that for such a code, the killing of survivor
pat hs ar itsilimitddc om parity checks can only be perforned towards the
end of the trellis in the JVDD. The growth in the nunber of survivor

paths in [0b£7]t r elthies aplat@r thisdhd1Biis nBEMd @ peeveRelis@XJIan N thaMMILC, but
resulting in a surge in conputational conplexity. Al though the JVDD

can be usigtheWohiplaitiesCRE @0t héteflablR! a tsBcdh@V@mil el Qinsi8 P perehieter GRURS
such as random LDPC codes should be avoided with the J BD when t he

QAL is | QHQ%?@,Q&”EM \%?e&%ﬁ%tﬁ&ﬁ%ﬁ&%@ ga‘)ilﬁlg{eﬁ AELHE n%fneasug%e%' il /S

t he nunber survi es not have enough tine to grow too Iarge.

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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[ 0052] Two sub-cl asses 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 mddle part of FIG 5. As the nane
inplies, 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
remai ning bits are placed randomy to the left of the diagonal with a

one- si ded,pGaUSHitAResdicat rﬂeb,tag.ih&tmf Odmed@h g@?em&ﬁ %Iﬂeééaaedrepmmim ffth

design paraneters - row weig . and off row_wei g ist
nunber of '1'sg. . tri x while defin h rd
dovi at | oruRiaREREMIGRY 18 b PEDER s yibrbed a{ts, ESodel T w8

i ndi cates_t he horizont al f of the linear diagonal relative to
the top BiEe dreprgloke e dTDD bl Jetifhck mmcrix [0053] The

I f the_| "1 al he |i [ | i f
GoLD coddOBlur cBIE phthopar o RREER SOPEE drecparit coockogal & ha BRYaMs
t hroughout the JVDD trellis. The growth in the nunber of survivor

pat hs car-BPescofe autlisetbp fmeonladng Jample (S dFauwsinpuPistiilpwign Linear
conplexity of the JVDD. [0054] The second subcl ass of codes that may
be provi dedgaedoradeny theo midde Gerepeseth athngewitls the FeDDBDRD CHIRD) (Shessike a
simlar concept. It differs from GDLD codes in that its di agonal

t akes on Dieibati@pLaabol Prgad) edasonddpibottad (bropbded ddaiet with e IVIOD).
FIG 5. CGDPD codes are al so defined by three design paraneters -

row_wei ghilacleardnghite pikis Rprds@ifts bigW 1Bt r@pettidelSNBiogh thB SIS 2918t can be
definition as that for D codes. The third paranmeter, y, represents

the deri vty 46t @F chdMRiclP@iaRR car@bodd'® ROLLOT [ QBty BRI hOEnddE parity
matrix. Simlar to the GDLD, this class of code enables parity

chEeks 0 &8,y B0 ARt TROBAFY IR 18 90,

SO RN AR S
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, ¢ and offset. The
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[ 0056] Anot her feature that controls/limts the nunber of survivors in
the JVDD trellis is the operating SNR At |ow SNR due to the noise,
many survivors nay nmake it within the threshold of the mninumnetric
survivor for each node. This nmay nean that the nunber of survivors
will grow nore quickly at |ow SNRs. Conversely, at higher SNRs, the
probability of conpeting survivors making it inside the threshold of

the  m nigWMyERE isGhSHIMbF QF  PEGOBRE rb® DT theArik Wik VAR (e i 8%nl¥d
will be lower. It is to be noted that the JVDD and the conpeting

| erat i veiJaliseh et Stk QRAEAIE Hhe SATRALARLLELY O BN oth oftleh

the frame error rate Is accepta avor t

conput at i gnal,. conpl exi for the J . [ 0057] The, | onger .t he CW. (code
wor g | endiige PERERRERaLARE | PR e con hihe il s BRRLHEIPERX: hor e
is for t IIM.C tp be ousted fromthe suryivor, |ist by conpeti
survi vor S00%fLs MFB%Q@F‘?WSO cBhdest oLy s 1 ll%ﬁaljé‘fagPﬁ%Ie‘Erf‘dF’a’ng‘r‘i‘Hng
maxNoSurv_paraneters | eading to higher conplexity. Conversely at
short er ED ¢ode epyrmes thah adrity sheghspreewoftrmeiseregilar tqrvals dupeghost they
substantial margins at reasonable conplexity as will be seen in the
si mul at i oY gellis sThtegowihbio dhdaingver ofppvivenpatisresn thg e cirhgd ) reswdfanrg in
CWLs require extra effort to make the JVDD tractable while for

shorter GAkdycetl hempuBidbmpecdoplastycdfabelfIoDopt i nal at reasonabl e
t hreshol ds and conplexities for the given code. 100581 In the

f ol | ow ngpodqwer Thake:oad Gabelass Calr €idag thad MaY be ySovedddo sicBRIMS tovvhliodde
descri bed. 1005910ne way to mtigate the conputational conplexity of

the JVDD dnsholifndiSe€ 160GDPDWAIB, dhakeTa sidflfcohfept ADHMRES #GR GDLD L& in
abovenenti oned JVDD codes. This nay reduce tﬁé conpl exity because

codes wi ttﬁatliﬁ\gggcﬁoflgz}qgés Bave %?g% &6k ngraﬂa%edepfefgdﬁﬁ!Eﬂet%.usﬁlﬁﬁgt%jv 5.

channel bit ng to nore survi vo Ing Int

trellis t Si [ ate.codes. 100601ln the, foll ow
oi mul at 1 RO o E P EBUFhy EE AP Porma R P el Y B

descri bedthe row_weight and o share the same definition as that for GDLD codes. The third

parameter, V, represents the derivative of the parabola at the bottom right comer 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 lowering 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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100611As will be described in nore detail below, results for the
follow ng sets of sinulations will be provided. Firstly, the effects
of varying the threshold and nmaxNoSurv paraneters will be descri bed.
Subsequently the effects of varying CAL and code rate will be
described. Results for both random LDPC and JVDD codes wi ||l be shown,
and a conparison of the performance of the JVDD with the iterative

BCIR/ SPA (ftiRéh et bdrviRBr BAc¥RRs 159 knd R 1N eBhb GR08e 1dwe EQl gm
wei ght may be 3, and the 4 cycles are renoved fromthe code. For the

JVDD cod &el G5EE dthF@ e _71 gﬁzrra%‘&’ i@{%i ?«{l&pééiég gr er%tgvcfz d%‘ggtof’1 r&ﬂoﬁlﬁ goﬁ:frgté ek

paranmeter is equal to he resu I here use t

i npl ement ation..of, th t hat, kngcreases the. thre |.d and goes. back
ol he beatrRA Ly bk SN v B SRRy 1S Wi RS, P Rt R Tevid
trellis. 100621l n.the foll ow.n lts for varying thresholds wll
be descr itBetPmyyatiqnakco Wtﬁtf?%hei\zﬁﬂt he OAL is held fixed at
CW.---256 and the maxNoSurv paraneter is not used in the JVDD.

Si mul at i dASAr e Flmlonger the keode tverd dength) be deresy therfeelliss end) topnore

al gorithmusing both a random code and a JVDD GDLD code, both with a
code rat eoppbriuty Gegsis fohehet MMIsh od deiansigd rffosnl thier smvigos listoby2 competingps
of 0.5. The results are shown in FIG 6. [0063]FIG 6 shows an

i |1 ustratsuoivd@@@0Thds ldregeatGWes deddedd arquies ldrges tingthd N Dihd/@s rlakNoSury
varying the threshold paraneter. Solid curves correspond to the JVDD

code whi |aragdére thading VEhigh@b8HRANISCrereisbly at sHdekanTWDRGhe 0UBD adiao
rate is R=0:95 in both cases. The left figure shows the FER

per f or mangeyeMdih €hd & ativeddectdr By sBbdtsrtiahRaRYRr A9 suaBREonlexity as will
survivors. CAL=256. [0064] The performance of the iterative BCXR/ SPA

Set oo s By aapAaTE ok o0 0N Sl SpEfd B clev
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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conplexity (in ternms of the average nunber of survivors per bit)

i ncreases. Both random LDPC code (dotted |line) and JVDD code (solid
line) are shown in this figure and it is observed that the JVDD code
soneti mes does better, sonetines does worse in ternms of perfornmance,
but the complexity is nmuch | ower, although at higher SNR s the

di fference between the JVDD and random codes is |ess. As described

above, t e GO Sl bY d%ﬁﬁéﬁggﬁsgg&ggg@é &&E@%%%@w@%m\t@a cB@ A yhmke

it inside the threshold at hi It can bé Seen at the JVDD
: : ) ; : : ol

of 1 Do Gk el SORbICRIGH EBH, Ao VIS BodSRANN B, YR C
that th f i f .JVDD. . it .

| nor east HGTISENG) e PRAPHEFRG PRV e BepT P RAHC BCLBA A Sheector wil

approaching optimality for_this particular code. 100651ln the

fol | owi ngP® ¥ FpEthe gandpgy kagﬁg & wwwergiﬁglabjggér piseige 4 cycles are
100661FI G- 7 shows an illustration 700 of iterative detector results
and JVDD feswtitd Foxidhy ceds. FaetheVEYP e isaledhetcethe ray| weishius vBso = 100
correspond to the JVDD code while dotted curves corresponds to the
random LDRG thooldset Godmetenisequa t&R76& TheIssuitn dépotibeddesesse thhenilgh¢ntation
figure shows the FER performance while the right figure is the

aver age mfithefVDD thatrindremsesthe @ibshdbband1gd@SFackno fleGegifninighie tief dvent thaf
t he maxNoSurv paranmeter is investigated at a constant threshol d=2.

The CW i @a@dbér thakesd tbugbfe arbissi mul ations are again run for both
random LDPC and JVDD codes. maxNoSurv=0 is equivalent to turning it

off. In t[hbézclpar i el AlloSe, FEsudt Mot %eymggthrésh@m@ Wil BPHeRrib&l 98 this
performance difference between nmaxNoSurv=500 and nmaxNoSurv=5000. This

oy e SLASUAUEPT 6, LU, 5 1 LN L A A e
5o g R TRIRBD. Sy MRy CRe B BT gRBRL s B o
oo can Lyt ediesd comlexily. o REAYD0 sods, ert he Lt
= 0:95. The threshold is varied from 0.5 to 2 in steps of 0.5. The results 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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apply only to the JVDD, as the iterative detector's conplexity does
not depend on the nunber of survivors in its trellis, but is much
nore conplicated to evaluate. Also, although the maxNoSurv paraneter
is not so critical at these CAL's, it is an inportant paraneter at

| onger CWLs when the nunber of survivors easily beconmes unmanageabl e.
[0068]In the followi ng, results for varying code rate and CAL wi || be
descr i bedobs66 HaktHe. TV laods sciitetintek sty BdtieR BoBO@med déee Satrsinobrmishe
JVDD and BCJR detectors varying the code rate R Top plots are for

CW.=512, hefokmiad] BitshadsnflotiyQWmtd %ver,'—aﬂfliou%ﬂ At gieh QNRP S (eI TBRESR
as a function of code rate for both the JVDD (solid curve) and

i terative,dgait 8d AEHBeIndMULIEmt }f:tglrgeg 3??&%53”@@&&5\]&%’ {%8?%% rﬂ&?xﬁqlleéxity

nunmber of survivors of the JVDD erent

o t o terapas b ANERERFs s NPR RO AR, £00RRE BuPB Badts ks
I ith th . di . = [
bt ot AP % P GUNL TODAD AS e BOTIfer e GrANE CRaV SR bk Bfes

unmanageabpl e for rando DPC caodes_ at_these |onger CWs, only the
Fesul o PP BRSO S RUPE SRR fodsall s s nolvd
average nunber of survivors (conplexity) for the JVDD at CW.=1024
over CW =Batothgtperfognance depremeasne &y the JYSU satyratesi withringreasirgr greshold
qui ckly as the code rate decreases. This is a pleasantly surprising
resul t asindlicatingythatebaparfoanandecoddbe appohchidgeoptombitt for itonpdriiguléreade.bl e
at longer CAL's by reducing the code rate. It is to be noted that the
conpl exi t[p068]opsInhe follosdn; iresglte fiud @atyaiganaxiNoSuthwill et des@tbedhi ch it
drops seens to slow down after a certain point. The perfornmance plots

agai n shoooédle JFID A(hotvk dn ElUistSon TOOt(IeefBEHABCthl REddsiang TUPIDeRhdfs
(dotted curves) in all circunstances tested. However it is noted that

the mar givarfiig WA RRsidld fithipelel. FolE chites &&F‘ersgaﬂdvtst FASHAbde HRTE EARAS
with increasing CAL. This is attributed to two factors: firstly, the

| er at | Ve, dak 8h 8o RRCATRS (IRES 1996 ChANCRS O (P08 Sud RUASL Ty

This is the main ason that ndus 1S transitionin
k
s

Decones: HEFTBl st RER A SRS e e beb BTt lFevebls pPBR Al

of
becones nlﬁﬁziggléeni)
t hreshol d and S [ paraneters to make it conputationally
feasiblemeBYmgﬁf®?T€ %his necessary fromthe standpoint of hardware
i npl ementation of these algorithns, it is also necessary for us to

gener at e 180871 esIn 163 i7nthg eHaetof thagomaxNoSvev parameler iy ipeesdeniednte qeastenty
consunption of our sinulations. Wthout restricting the nunber of

sur vi vor shreshpdd=12/hec@WLc onagaie fiakd at Be6 padrpimyulations Lare @gaip utin fgr both
servers as the CAL grows.
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 Jarge 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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[ 0072] As has been observed in the previous sinulation sets, it may be
observed in FIG 8 that the conputational conplexity of the JVDD
drops increasing with SNR. [0073]FIG 9 shows an illustration 900 of
JVDD simulation results. JVDD nay be witten in Perl integrated into
the SWRC platform Sinulations for short ideal |SI/AWN Channel,

short codeword |l ength and code rate=0.7 may be provided. According to

various epaRdbdIHRS She IBHD, A AR iRAHEVE FefkcRP s%l«f%c%i{? Hokd ﬁftﬁfgj;/éﬁ%eon the

detector may be provided. Gain increases wt

Unexpect Gl \6'P[§u E"ﬁ{ gtsatréﬁl? SRE"is ShXBE mbAPBorh Ja%td' %eegﬁ}ﬁg{?/ Ao,

| mpr ovenent W|th t accordi ng to various e

approach Si mul atlons on.exnper.j nent.s_t
Srbdy ¢ netfigt RUNtE B eyt oFHEY sOR RN RS Rt el
GDPD and random ¢ des e erforne gach simjl ation set t]
per f or marRAAIe) o1 o HE SR oE O eS e?%lngawélammlaaﬁah Frat
of the conventional | t er at | ve detector/decoder using the BCIR and
SPA al gor[0068ts. Imise &llowing resuls (e vayograde rsvare eV Lavil bgdasaibEhneN

channel . The paraneters used in the sinulations are docunented in
Tabl e |. [0069] FIG. 8 shows an illustration 800 of results of the JVDD and BCIR 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
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channel

SNR hk 6, 7, 8, 9, 10 0.408248, 0.816497, 0.408248 codes R

CW type 0.82, 0.86, 0.90, 0.94, 0.98 256,512 Random GDLD, GDPD
BCIR- SPA

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 has 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
ISYAWGN 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

26



| ocal Iter globallter 150 6 JVDD threshold naxNoSurv 2 100010000
Tabl e 1. 100751The properties of the codes tested are as shown in

Tabl e 2.

SPA algorithms. The simulations were conducted over a coded ISVAWGN channel. The

parameters used in the simulations are documented in Table 1.

channel SNR 6,7,8,9, 10

R 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

globallter | 6
JVDD threshold 2

maxNoSurv 1000, 10000

Table 1.

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

y

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

0,-0.5, -1, -1.5,-2

Table 2.
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random codes col _weight 3, 4, 5 GDLD codes row wei ght 50, 100, 150 a
50, 100, 150

[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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of fset 40, 70, 100, 130, 160 GDPD codes row wei ght 50, 100, 150 a
50, 100, 150

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 JVDD 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),
0=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, ¢ and offset for the GDLD code and row_weight, 6 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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0, -0.5, -1, -1.5-2 Table 2. [0076]In the follow ng, sinmulation
results will be described. Sinulations were first carried out to
eval uate the overall performance of the three cl asses of codes when
used with both detection schenes at CAL=256 and R=0.9 and with

du- eshol d=2 and nmaxNoSurv=1000. Followi ng that, one of the best GDLD
and GDPD codes were identified and a study on the performance as a

function b RGNt e'}ﬁkféhﬂédﬁla of 6PN aRPGBIEE &iSs QfryihPRadiostaRciVRs, fafned
ikl S

out. [0077]1In the f'ol | owm ng, perfornmance of JV and iterative
L e O e
compar 35 gL AMSTLEP,£00nE 1] L) 0L B SAVIDY DD Col
|2t S;gt H\égbgq%gﬁﬁt Orcﬁ gq_:s%%dpea{ameterr(gffset ?orreG%}JB ng1 9 ?or%%)sr%gﬁ/ecg\r/e Y. set to
[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 JVDD 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 ¢ on the
performance and complexity of the GDLD/GDPD codes. Both GDLD and GDPD show
an improvement with increasing o, up to 0=180. Beyond this ¢ value, the performance of

the detector degrades slightly. The o variation only has a small effect on the JVDD’s
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[0079] FIG 10 shows the performance curves for both detector/
decoders when used wi th randonf GDLD codes on the |eft 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 chphldxitg, &PLALIS, Rk eelSBUD @ ded. fheFeaphisBLIRIDEENBEpeRIESY bR o
the sane class wth different paraneters. The sane color is used to

representpl b &RFD CRUS WAL WBERA! &%ﬂlé’iﬁtﬁrt HPE SnlastiChf! B1RY AREOHGT &-
The study may be started by plotting all' the results in FIG 10 to

observe t I L.dent i - . r ! Y

For - furt Aot SRS AR b ek ikt g PR R kPl EeefR B
iterative. systemfor,rand D and,,GDPD codes ttaining a |largest
per f or v PF sl BpifRg Bl 1R (R R{oRR ke e diul Yt
both plots, in general the JVDD codes tend to outperformthe random
codes. whoA2EEBIFH f%nP‘F?éPEP@%BFt S eI T Y Bests L iueach TR PR Ry
better with the iterative detector. As described above, the last '1'
in each cdwopgds sheaking: of it enlg\nseury igjasyery himited repge)fDbe codexords This
oppose to that in random codes. This hel ps to enhance the

conpl exi tmp¢ane thias eadncmnndl hiVBDNYOdeekeds withy bitf oparbyheand tnet sithvigtsfugham
random codes are seen to have better performance than the JVDD codes.

This is dweytfor tinell ps.cBesdealobst ajubitalene ko hdvamgythe 1ongth eodaeford batken up
cycles in JVDD codes than in random codes, leading to a greater

per f or nang® degiadabl sortencdde®oRBAnd &€ 8lRfal Ghoft&ieoliévesraé HMEt StEdrRMs
Looki ng at the curves for random codes (x markers), increasing val ues

of col _wejght gives better performance for both detection schenes.
The trends of the JVDD codes are not clear as they are dependent on

the vari 3%)?!?2 of Insth%atri%{aﬁrﬁgﬁr ortib oF 498 1h nflfeh erfe?xlnhﬁ)c\é’i K ¢ e%ﬂﬂy £t

t he vari of each er I ndividuall'y e descr
111

[ 0081] Fram.t he nass plot in FIG. 10, .0n f the best GDLD
Codes my B dh iR RiufbeaRelt el w2 fietarbgi s FReRs g oo,
paramet ers .row, wei ght =50, a=150 and of fset=100. ma osen, and for
Phe” GorD g dhmdrtaere du GBPLhtadt s Aaush grcimginpite COITOREE rafigiesss
Starting fromthese 2 curves, each of the 3 design paraneters
(row_wei ghpancss Bisdedpmipce prl anpptinpmparde reapkedy shigrwdnghiurther ingrgasy
for the GDPD code) may be changed, and the effect and sensitivity of
t he perf dedrgat thetnsrierndncpdyleansithéle, the iend el theresing eemplpRig8R|th incrénsing
follow ng, effects of GDLD and GDPD code design paraneters will be
descr i bedffsp0B883jdenGhert.1 Thik ongad an aftdibusist toathe dact 1A Gs afffset fec tasgaf thehe
vari ous paraneters of

‘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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GDLD and GDPD on perfornmance and conputational conplexity of JVDD.
The top 3 plots show the performance of GDPD and GDLD codes varyi ng
each of their key design paraneters, while the bottom 3 plots show
the conplexity in terns of the average nunber of survivors. The left,
m ddl e and right plots represent the effect of varying row weight, a
and, the third design paraneter (offset for GDLD and y for CGDPD)
respect i Mg of %&%ﬁlﬁh idreSANG vAIRE TRE LORPRX Y plohChdwdle quears to be

par anmet ers of d GDPD on perfornmance and ‘conput ati ona

conpl exi t e@in%éﬁ@itf&lgprhi ﬁzirﬁété)r.”al a and row wei ght points are

i ncl uded "here Tor a nore ‘thorough analysis. Only the results of the

JVDD may | otie 1ttin he i.terative detector and varyi | ust
2 st e 1968 ColrepalanipErtaent oL viiviiable FbdE Bl F et ik
codes may be_plotted on the sane_figure wth_ performance curves shown
above and@€ofmpplesert f 648 OREs Bheodthuay Fryeiicsh PRshihe PeRpmIascs o4 YD
quantified in terns of the average nunber of survivors in the JVDD
trellis. apddhedfqrative dstectpg/pcodpignanbe svelyaiedi ght on the GDLD and GDPD
codes is shown in the |leftnost colum of FIG 11. It can be seen in
this figupe8dhat Fithd2phewormainsteatioh 130D plots 06 FEB vasodomtedoi HYPD and

i ncreases for both GDOPD and GDLD codes, up to an optiml row weight
of 100 f dterdEdklectntbr/dcddor wBBPDsedBejthnhbe tdllosvippiodes: fandohgiefi)nGDéase
in row weight leads to a deterioration in performance. The

cor r espongdiwNgeighfBh Lo 1159, pif@k=S100qmidudd)ing CeED reWdi wak=b01ai=1908)=-£5
row wei ghts are in general |ess conplex (with an exception for

row_wei ghtigk9)at dWﬂBﬁﬁT@%) Fnf A veL.S1oUBBeth P trhirds Rolfikand. hagROr-PR00

effect of varying a on e performance and conplexity of the
GDLD/ GDP : S | '
i ncr easi %g&gggz%a@gﬁlgi%gsgg}g%%ﬁi 2‘8 g/ @g?%lgpéogﬁgg%g%? é(’)mru%]%ln{:egreg?m
t he det eccfiﬁrreﬁjt dg}ls slightly. The a variation only has a snall
e

effect on th VEUCS.

[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 TVDD
tends to perform better with the GDLD and GDPD codes at shorter CWLs while the
iterative detector tends to perform better with ran&om codes and at longer CWLs. This
can be attributed 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

waterfal]l in performance at the low SNR’s, but performs much better at the higher SNRs.
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conplexity, especially for the GDLD codes. There is a slightly
greater dependency on a for the GDPD codes with reduced conplexity as
a increases. It is to be notes that it nmakes sense that performnce
shoul d increase with increasing a. Referring back to FIG 5, it can
be seen that smaller a leads to the "I's clunped nore closely the

di agonal, while larger a | eads to nore spread-out '1's in each row.

Wien the Ty ébéeE‘va%%ﬁhs £t9¥t5u?erdeco thOehdr EirdbiBEhaxRD dﬂgm% Bid B/19HsY
occurs in a very limted range of "the codeword. This neans that each

channel bifei5..00! a¥1 SCRE A iR b S dNOB R Yem M 0 RS tthOI‘Bl Ee‘g rces.
RaftB LR ol wiindoil ke

further I's I's alnost "equl va ent

| onger co rd to a en orter CO mnrds an
general , @ﬁ%t erltg g’&%ﬁgg @8’?{&% cca‘é‘%'Fu)o?‘HfgﬁP\g ight g ISHmflﬁtéons’ fhe' "
right rmst tion of ,FI 11, the (fQrmance and coppl.exity for

vari at i on"s‘ﬂflﬁ 1§ WG ch'I‘ %ﬁf@%temheﬁteraéwﬁ Hetegipr dpctisp 8 quite
the case of GDLD codes _and the 9 paranmeter for CGDPD codes is %I otted.
| ncr easi mporibisluaty thegpdsiwee phsheretvsles dnHend2D cadespElis sistighietha mther
an optimum point is reached, after which further increase reduces the
per f or manitas petfbrmranhé bleservte avitlr dascbasifig codsy rates iof thecicempsivessiystgmwl hehTVDD
increasing offset is evident here. This trend is attributed to the
fact thatomthe oftieskinddenst ekxpeogelrtp bt Hegradrartivt shortfegclks busthe theanis geidsnce
shifted later in the JVDD trellis. The nunber of survivors thus has
nor e opposft biiieinpr-Flood 10 WeRgh Of8est ach RAT the YSHREES karves 6t CHL-08G] Mhis

| eading to higher average nunber of survivors. This, however, causes

the aver aggrAHIRe maf Bk ity S mbANEGEEHObNR %ﬁ@‘@l@'f\)’bb' n%él’fo%ance

1000. Survi'vor paths are thrown away as a result causing t

be di scarggd, t‘lﬁ{gtrc ﬁulgf&%ggﬁer{lédﬁglb'em t%‘ rE@% iR (G ¢ %&é 8bse H?ed

per f or mance. par anet er e per r’rrance s

trend of vin |ncrea3|n

novever | BAPRAVIEY YL i fove%sf%n‘%lﬁ tstitne SRR.BS fs@é%ngﬁn&f%%@ﬁ )
thefollo effects of ode rate, R WI||

e tode N nEATE Sl SR kYD BEoiss Glost: tocemiens! 8 fiohE YK Sert

and the performance of JVDD and the iterative detector/decoder may be
eval uat edeWeDeEBRSHNG, suVVash BiAke Hringife thet theesheld leadig tefredicsd §0@plemq
vs code rate for JVDD and iterative detector/decoder when used wth

t he fol | owhigy iectdwsys tragdeto®ff{ far pyrforamhey ovhenethg hmagdoSuge148d, threshold
of fset =100 (m ddl e) and GDPD-row wei ght =50, u=100, 9=-1.5 (right), at
CW.=256 (paopiictamdre@dtoumicd fobott on). Threshol d=2 and nmaxNoSur v=1000
may be maintained in these sinulations. The different col or schenes
used reprieegs]t diatiwdiaptto ShRousleth®sdimbaf3dAdld) jbint defedior tane deapdeiOtie
corresponds to CWAL=256 while CW.=512 is for 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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bottomset and Ris varied for each type of code. The left, mddle
and right colums represent plots for random GDLD and GDPD codes
respectively. 100911Conparing across the 3 colums, the general trend
observed is that the JVDD tends to performbetter with the GDLD and
GDPD codes at shorter CALs while the iterative detector tends to
performbetter with random codes and at | onger CALs. This can be
attribut @094 t hBadedadn thbahedtdtichEexpRBdd MusBEEST alreiveRad theTvDetrellis,
iterative system they are | ess good for the JVDD as descri bed above.

For the ra’é@&ﬁfﬂgcﬂﬂ%m()ﬁsefehb(%@ﬁﬁéﬂ&) scbdi8l Aﬁ@@aal@@sthﬁhghlwﬁuﬁ PeiE! ATD

the iterative detector at the shorter CAL, especially towards the

et er 1 al Ay oF Sene et FlEby BF gt T AR i bR R B R

at the high This observ t|on i Feat.er

c he gt urvma%é?rw.lﬁaa & Nﬂé%@%gﬁ’e&ﬁﬁh%%@? ?r%inagff

due to |ncrea,f emands on conput ati onal resources. OQ&DBM
t he GDLDrf‘E?éf fi‘}F GhHFSaRY @SS %rﬁve@&? THEP ¢ n%h‘F‘é{Y‘?féd% the

JVDD is winning in all the cases tested. The iterative detector in
fact is peikolmligdepaneatpdand yerfird otherrémelrtion enelis dmcirdrabory clhes
in the JVDD codes. This results in the rather flat performance

obser ved mpintrhaldenge dei thg Jodd is actaevind optirali pesfoanince a yetgsmC Whe wityDD
on the other hand is not expected to be degraded by short-cycles, but
t he t her ecessnable dempiexivifes. aforeshamels withrshorercEMILa| thec BERP, mswlin ds atlhe
SNR=6 curve for CW.=256. This degradation may attribute to the

max NoSur vardd308vet fixe fieragved detectMDBAS sipmild B Thd eRohen of RRoicO TPUA@RL bienal
demands becones too | arge. Again, the trend may be observed that at

| onger CVWppliédtiend. "provement with increasing SNR is nore pronounced
for the JVBD It may be expect that the JVDD becones closer to

t I hep - INR; lpdmfﬁ
?Eel {Tﬁr egﬂol gI gé&l ngn ot%?‘é’duced conp %ﬁ???ﬁu ]P]?ﬁﬁég’@%(%é étdpgédgdg
off for ga?t;eh%{l éf}‘%ﬁ%on]irrggnl qu eYatil ddét ci%%oc?er?alna 3%1 g nEh%

accounte O varil ous e nove

det ector and V|ded

out perfor%mpﬁgﬁg% Roingi ke lane Wl afeo Bl bECieH Fﬁéﬁ?&@é SR
AVWGN | SI channel he JVDD is conditionally an opti

det ect or/RI%‘(:‘a?ﬂeras qligEnaliyerdtq i SHUBEI b h‘é’d%fﬂl“itc?rén‘(‘ﬁ?do‘f“th the iterative
conmput ational resources. At short CWs ( .512 is found to be
rel ativel %ﬁf‘é&%@emeﬁ&éﬁﬁaéﬁ Diheodspit 41Prﬁ¢0r?)é1|“f3b né@ JMDP tas fheyosut in
i ncurring excessive conputational conplexity, but at |onger CWAs,

t hi s becdnrwsr sompdexatly veheohia¢d eitlyéhis Alperitivec Whese sodds howawdr dahiot herfdrm as
JVDD fails to achieve optimality, is by discarding the MVLC during
t he met r iwelbwitk sleateghitivg dptectbt, an thedr debign meakboth attehiP BAdddasEdhe aombbieof
theoretical expected nunber of survivors in the JVDD trellis,

accor di ngshbA ¢ aues Mctﬁﬂé;%ghemm Serfcer@UReAlf tBP BPAATDSEer ! THOpG b i@ bf
t he JVDD conp exity can be managed nmay be provided. This includes

appropr i ahe repbaoubOte Qépetnhﬁlttoﬂrtﬁesg&lgq Pl 18 NRSRLH YorREY &JMRS &he 1effect
usi ng JVDD codes, higher” SNRs and Iower code rates. The effect of

EPZFF. Ed %%flﬁfo%aﬁﬁ%%%ﬁ ga*f‘?%é a‘ﬂb‘@’é’lﬁaf%%w%’ér%f#?‘ét‘?%éa?e#uﬂlﬁ%%ﬂgrnaf Ahyen
por f or marise® %%%%w@ﬁ»a%{gcm o PERD g el br S B oy AT
wth shorter 0/% the JVI may win_in all areas over thelteratlve

|
det ect or "AWcWERBYIY tlg'echﬁerafasg&% toRfvdsd, ditol HaDronsistpytlsprrfprmed better

applications. WBOOQS ] Accordi ng to various enbodi nents, the JVDD may be
provi ded ‘igh HRDD codes than random codes, across the range of R tested. It was also shown to
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alternative to the commonly used iterative detector/decoder. In
managi ng the conputational conplexity of the JVDD algorithm two new
cl asses of codes may be provided as alternatives to existing LDPC
codes that are used with the iterative detector/decoder. These " JVDD
codes' are nore suitable for the JVDD as they result in | ower
conplexity when used with this algorithm These codes however do not

perform ag Wétlel aioivbr R Réhetd BERLY R0l BT Blieck@PertdiCisiwlES £ MighBKSIRNO
attenpt to control the nunber of short cycles, which degrades the

per f or mangg. Ofhetdise %Eveer%ﬁe%eﬁlFetm%ﬂa%{ﬁe%m@ 1Qf1od ?c%@%g%%ggrg " e

dependent on the design paraneters chosen for the codes. Th

of vari at. i e n C | nvestheat.ed.
'n gener ol piec iR RRF B GrSyRN R bR i ibfin, R BIGine
of fset (for.GDLD), d.at .an optinmal row wejght. t he,code ra
Study. corfItioBHIE 97ans JE3ES ALTED dneTPREa! PO SafcomHiieen HAvPD
codes than_random codes, across t@f range of Rtested. It _was al so
shown t o SugsrspEhenethe £ WiLoiRdrrer anribs aumbel, of sravers Eavapisrificailyckish ger
bit as well as at higher SNR where there are fewer paths conpeting
with the Ingectrells. Burfhgnyerk toyanprole DD etHenger 6Bk ig avarranted.

det ect or/ decoder gai ns ground and eventual ly outperforns the JVDD as
t he perf dff®bice biketViterbitandBTIRe TSV ermoidng thempesd embodiorgs mG\iisis
whereas the JVDD suffers when the CAL is |large as the nunber of

sur vi vor s‘ogtimals’ oseghWGN/Asdhynivdld h a | onger trellis. Further work to
i nprove the JVDD at |onger CALs is warranted. [0096]Li ke Viterbi and
BCIR, JVOpogmcCor Divigest 4 d \hadthedld Sn a5 H Qb BT (Bat/BaN ob%e}f&qﬁ 2R tatRbi thevar
AWGN/ | SI channel s. [0097] Devi ces and met hods may be provided that can
out per f orifariRe &l Ked tACreBblins! AlaRhd1Y SodlSt ACAbIe USRDIdRy T 8aP 1A 1RY
channel s today at viable conplexity, can in“an optinmum-condi tion

‘t f ; . . I
ot B LRl e ilcera A YE P SO LR RElofial LI By

may not have unwante ror-tloors, m concept
may be tuneabl e usi araneters for a conpl exity/ performance .
tradeot 1 Rf Bous AT RETPROCREY bR Cos R Bal i vt Wby g
described with reference to Sﬁecific.%rb dinments, it should be
under st o YIRS @ ORIPIxLY PeorMEcGrdePtat vari ous changes in form
and detail may be made therein w thout departing fromthe spirit and
scope of OBl nyBAkle she inxeriionihas espyparticalagly shoie and degriked viderefeense
of the invention is thus indicated by the appended clains and al
changes ihisp¢riltoambedimpits, it eoukkbba imdersiend athgee silladgoitha e ey vafioushe
clains are therefore intended to be enbraced.

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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Clainms What is clainmed is: 1. A joint detector/decoder device
conprising: 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 |east one survivor of a
previ ous instance and based on the input signal; a survivor

di scarding circuit configured to discard survivors based on a set of
predeterm ned criteria; wherein eaclygisvi vor has an associ ated bit
sequence. 2. The joint detector/ decoder device of claim1, wherein a
survivor determnation circuit conprising the survivor splitting
circuit and the survivor discarding circuit is configured to
determ ne that a survivor survives to the next instance if the netric
of the suMuatipelaingedvpt hin a predetermined netric threshold. 3. The
joint detector/ decoder device of claiml,

l. 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.

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 the metric of the survivor is within a pre-

determined metric threshold.

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

survivors of the next instance,
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wherein the survivor determination circuit is further configured to
retain a predeterm ned set of survivors with the smallest netrics as
the plurality of survivors of the next instance. 4. The joint
detector/ decoder device of claiml, wherein the pre-determ ned
validity criterion conprises a parity check based on whether the
survivor's bit pattern satisfies the checks of a parity check matri x.
5. The joint detector/ decoder device of claim4, wherein the parity
check matrix conprises a matrix with entries of zero above a

pre-detergn ”ectlé%nﬁdé&ﬁﬂﬁhecgﬁertd@?icpéﬂlsﬁ gheck matrix. 6. The joint
det ector/ decodef device of claim3, wherei’n the netric conprises an

Eucl i dean metrje .7 th ljecg’e{},hng,gg g,gf%%lggémgg ?dn{‘}% E?L?gﬂvf&m b?%eﬁ‘%n

recei vi ng an I nput vors o
gﬁét blag Z;[j agﬁet eﬁB%PsurSvti\éoE 310 pa%ern satisfics Yhe cheO(]:cks Ak E)gr\lltly%ﬂgckl mnast}-ua; nce
5. The joint detector/ decoder device of claim 4,

wherein the parity check matrix comprises a matrix with entries of zero above a

pre-determined sub-diagonal of the parity check matrix.,

6. The joint detector/ decoder device of claim 3,

wherein the metric comprises an Euclidean metric.

7. 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.
8. The joint detectiorn/ decoding method of claim 7, further comprising

determining that a survivor survives to the next instance if the metric of the

survivor is within a pre-determined metric threshold.
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di scardi ng survivors based on a set of predetermined criteria;
wherei n each survivor has an associated bit sequence. 8. The joint
detecti on/ decoding nethod of claim?7, further conprising determning
that a survivor survives to the next instance if the metric of the
survivor is within a pre-determned netric threshold. 9. The joint
det ecti on/ decoding nethod of claim7, further conprising: retaining

a predet ef,m nefhebikPESe@lonSAYANL iR thdi R clafig 7SABhi @S npiBhE! €S as the
plurality of survivors of the next instance. 10. The joint detection/

decodi ng net had, gfin£h ?)irérHeZsrmYMgﬁ glgl;n'ﬂgxg Qﬁﬂﬂ&i@ég%ﬁﬂ g'%ens?ﬁall\égtl @ty a5 the

criterion conprises a parity c on whet e survivor's

bit pattern Saﬁh%f@%& &ng%pqﬁﬁgngfh%agggity check matrix. 11. The
j oi nt det ecti dn dgboalng et hod"3 cfalﬁ110, wherein the parity

check matrix conprises a matrix with entries of zero above a
pre-determ ned sub-diagonal of the parity check matrix. 12. The joint
detecti on/ decoding nethod of claim?7, further conprising:
det ermi ni Hy, diheiipigt detepsiop] decpding getiodiohglaiiadi i on, whet her a survivor
carries on to the next instance based on a netric of the bit sequence
and i ndependerwheieinhapretdetarmiried vigliditys exdfaaerc eorhpriises kpsrity check based on
pre-determned validity criterion

whether the survivor’s bit pattern satisfies the checks of a parity check matrix.

11.  The joint detection/ decoding method of claim 10,
wherein the parity check matrix comprises a matrix with entries of zero above a

pre-determined sub-diagonal of the parity check matrix.

12.  The joint detection/ decoding method of claim 7, 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 pre-determined validity criterion.

13.  The joint detection/ decoding method of claim 12, further comprising:
determining, during a parity check section, 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.

14.  The joint detection/ decoding method of claim 8,
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13. The joint detection/ decoding nethod of claim 12, further

conprising: determning, during a parity check section, whether a

survivor carries on to the next instance based on a netric of the bit

sequence and based on whether the bit sequence fulfills a

pre-determned validity criterion. 14. The joint detection/ decoding

met hod of claim8, wherein the nmetric conprises an Euclidean netric.
wherein the metric comprises an Euclidean metric.
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