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METHOD AND SYSTEM FOR ENCODI NG AND DECODI NG

| NFORMATI ON W TH MODULATI ON CONSTRAI NTS AND ERRCR
WEBNERE2BACKGROUND OF THE | NVENTI ON 1. Fi el d pET/66m04/000357

I nvention The present invention relates to encoding

and/ or decodi ng infor rratl on, for inst ance in optical

rﬁ&?ﬁﬁid“&NByﬁselﬁw AN E EaRuRTioN WiTH

vIiucs a 11et1Ttuu it
vv| t h i npr oM@UWd;@N&I(DNSTEAWS &N, D@BRQ@C&DNQRO Qt h
nodul ati on constraints and parity-check constraints in
channel coded data sequences. 2. Description of the
rel ated art ModulBACKBROGNESOF AIHEOINVENTIOMS
constrai ned codes, are used in recording systens to
translate an arbitrary sequence of user data into a
1s doeld of thevhvemtispeci al properties required by the
rel evant systens. Two nmj or constraints for optical
recording systens are run-length constraints, or (d,
The peegent inyemtion, rekates toleacetting ardforcdrestingiinformafioe, for instance in

[ r i_mal

U8 Ap8 SFAAE! Mo BN ol B gAVAKR BB
smtﬁrrgceftcedm énfoimssios wdthampiavee irdgmiatibn densiyf by emmsingrisbth
nﬁdb@%@ﬁﬂaﬁst;dlr&% Bfq9 ggnhtg _HEek LS urSRRSH ALY I%’@éod%ta equences.
interference betwe ata and servo si gnae1 PeY
permts filtering of |owfrequency di sk noise, such as
2 IR Fip B dfhePridtdfad Sk surface. Coding and signal
processl ng technlques play a key role in the
devel opnent of high density and hi gh speed opti cal
Mcﬁﬁu%@h %Qde%y %E@%Sw@s%ﬂstBYr%os ogi(ag e l&%@? FodubRi Hg%@stems to
codes wit onstraint and thres d- base
trapglateasy @fbltrﬁét%qstueow eleusien ﬁafae‘stpfamequemcer\wdemqqal properties
récﬂﬁr’fee‘i)‘}Qﬁ@reﬁJ‘«‘aﬁij)& Woorﬂ B8PS mfs%%;ﬁ“cggre%}ﬁ i tems

. blu-ray-disc or a vance optical disc
aéﬁ:wrlangf@ CP@strathaqréﬁ a9 gonsyrainte gk to-free censtraintkThe run-
I%’gtﬁ’é\fﬁs@rﬁﬂtsﬁ%@ﬁ@ the) mirh@ll &FRfor n%ﬁgﬁﬁélrler%thé‘of A ngerXQIH an

udenber tical disc system tal vi
epg&gddja‘g@streamﬁo nytngq&@ﬁ]e prplp,lygls of p\@ersnmbq) dnterfgencerand
1
r?a%c%rﬁga tirdihg. Th@é@fre@@&%traﬁﬁgva_ dsf Y@f@&%eR Kéa{at %Qan%ervo
Slgﬂﬁﬁha%ﬁ@? 99%@6&@6% gf |§‘9’§t®é1ﬁ§”¢¥sd'ﬁgn%%ﬁn tsigh as éewm@@rks on
thisyrddekel i hood with blue | aser diode," Japan J.
Applied Physics, vol. 42, no. 2B, part 1, pp. 1042 -
1043, Feb. 2003, are significantlydifferent fromthose

O6RIRG drdl Sidaal BrocEMiy teEﬁﬁqu 8 xey Pste Fnr}rw@%g%lg ment ciz high

det ector 1 s suppl enent ed nor e powerf
densitycRnddigh wegmatle%iéﬁ%dmaﬁustemé &P ERAND systems use

modulation codes with the d=2 constraint and threshold-based receivers.

Reception techniques for the recently introduced third generation optical recording
systems, i.e. blu-ray-disc (BD) or advanced optical disc (AOD), according to T.
Narahara, S. Kobayashi, Y. Shimpuku, G. van den Enden, J. Kahlman, M. van Dijk, and
R. van Woudenberg, "Optical disc system for digital video recording," Jpn. J. Appl.
Phys., pt. 1, vol. 39, no. 2B, pp. 912 - 919, 2000, and T. lwanaga, S. Ogkubo, M.
Nakano, M. Kubota, H. Honma, T. ide and R. Katayama, "High-density recording
systems using partial response maximum likelihood with blue laser diode," Japan J.
Applied Physics, vol. 42, no. 2B, part 1, pp. 1042 - 1043, Feb. 2003, are significantly
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run-length constraint is d=1 instead of d=2. A new

famly of very efficient codes with the d=1 or d=2
w@onshi@ent s i s proposed in US patent 6,606, 038¢CT/ES2004/000357

pat ent 6, 639,524, and KAS. 2mm nk, J.Y. Kim and S.W

Suh, "Efficient Dc-free RLL codes for QOti cal

j y . 6-331, .
SRRt 5 5 R b i
sypelgmentedriarmetespaverial Yitggbitlike bjt dete%en aspxdaﬁms B theaninimum
rg\%ngﬁﬂgoﬁsﬂ%nf Rl 18haad 6 dy) EFMIike code used for

e capaci ty-approaching code rates are achieved
by using specific efficient finite state machi nes

A(E§M*arﬁ| fQ/EWICIéA}%Oge&WW -2I Qast oﬁ’st ﬁts is pr edin US
AL 485 eSS

Furt her mbi ni ng cra
PRI 668, Qﬁﬁt Hstplﬁiéef\ﬁé\ﬁ39 @és@@ﬂéd\ %dmm;nk gax. |P@l1haame8yV Suh,

"ﬁﬁlcfehﬁgc%EfF&rLrﬁiﬂﬁg froReh F@é/cpoﬁjdmc\s/'" @E%Ttraﬁggééjrhﬁlngn vol. 51, pp.

capacit ata transfer rate systens nee

3@{5r331s¥%r%®@e’dh% Friemed the deisianpdaendied eregreaten thanttbersate 2/3
am ES@e%%eMW@D aﬁ@@b@ I%ﬂﬁ et 8Msho 1By @l['rﬂﬁﬁ(e ltBde used for

Constralned codes have error correct .
Q&ffbpé}etqaeécﬂwr%&mwchg retgaere agtieved btyh@lrlgl speaific efficient finite

s'teﬂe ﬁ%Hi%BE (5 tor ekt M"gﬁérﬁi dWNSIRirbie. We%&rgw

error correction cod IS exp ect
cembfrw thg|GuidetbSerambling (Galtanpeeash vwith thﬁ éewkytq@a!gn@cﬂ cedgs,

sefMTatbA dtefbdsaRiPancd R&chR§Ed.Pr obabl e (al so cal | ed
dom nant) error events can be corrected by the

application of a distance enhancing parity-check code.

HigHes réctrdihy @Q@édﬂ¥ @ad @atastraﬂ{éfér RAte rsygb%%e% utab ?rﬂpr‘o%d
Esed separ at el romthe outer RS E may correct

SGh §PING ABF FLleriaR spresnTpea a@%rérthate hasebegtpiah interest in

cOhstidiedcdolies eat ﬂﬁtl@éﬁr@rr Gorrléélld‘rgpr@PéMeé THRWeASHUS @R lunlike the
arjty-check bits. he correction

sHsions GoMERtons Magkehatpuh, e e SpehBplomenRS) error correction

cb@@i () .a@sdpéda@d @rddasrecpapuaa@%rsqnapécchhst B duipdt b1ARe
ecoder thus resulting in a sinple

S m ni m sed
Ca%faéfqu %Ceﬂ?f the mestarohable (@isosplied Aemingay) grr events can be

coeedted B}iﬂi‘e&ap&@ﬁ%fcﬂ@ d&%térﬁbe‘ érfhraﬁ&lhy ehitydaeadak]ee Thls panty-
S turbo codes or |low density parity-check

o SRiaDeian ST bOERCT, "hids U ePeEpl e R AT B CC. It

nvdytE rieECRPhinastehoR efdl @v&ﬁ@%ﬂ@cc%y at BESutpt Bﬁﬁetchﬁnnel detector,
lgerfo | exi tty&g de-of f offered by these

Ug'5g é)g[yl %#gv'eﬁeﬁiu J gey *atsam thisaudy: Ehe cieactiomeapacity loss of

tnesmaeeoc i Hgnnﬂ@éﬁtlyﬁédUBealalﬁl tHEEREH PrePadalicn BF Md@FoduPdtion
tical storage systens.

t r
AR5 |5 A BN TR D g1 a8 SIS ane ATGIer Sevianys fmprove the
opa‘ell byﬁf@rh%lce C@&ﬂﬁar@ﬁdvmﬁiudetétﬂb@'débbdélﬂé tdabsC B&hkas turbo codes

ob sty B oot kg ok Boae bashaapommavi hes found

widenadbepaate data atdr&ye $yeRess, @ince tidpert@BhSe-chriplexity trade-off
o{‘fgr.%d%y%gese codes is very attractive and affordable. Therefore, it is one of the most
promising reception techniques for so-called ‘fourth generation' optical storage systems.

Parity-check codes may be classified into single-bit parity-check codes and multiple-bit
parity-check codes. A single-bit parity-check code with even (or odd) parity-check is a
simple and basic code, which can detect only a few types of error events. For improved
performance, multiple-bit parity-check codes are preferred, according to K. Cai, V.Y.
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performance, nultiple-bit parity-check codes are
preferred, according to K Cai, V.Y.Krachkovsky, and

wad 20060698 r gmans, " Perfornmance bounds for paripgr/sened0003s7
optical recording channels 3Mth d=1 constraint”, Proc.
of I EEE International Conference on Conmunicati ons

, uch
et B v s BerdisC et Bl AR o bisorieg gatioa
récardipa chariiels wiipdnt eorsitraimtiec Peac: of IEEE Iﬂiteamaironb[a@méenenee on
Ctmuridatidh 1k, RBsicbUsal Rty M5 ThPH0Saw A DHE STV, and L.k

es can t re of error vent
VM@lfa “Hspacdienaiéd cradmg Mbqu@fqmaélalsnedeomsefahanaels drEEEE> rans.
t e (At
l\ﬁJ n%frcsggélggg N 2 Ré\r@f.gil ?)ﬂgﬂdé%ﬁ%@hgﬁﬁgoggﬁaé?dgﬁ cah Yetect many
rmrraéynearqﬁes“osmrajinmesiamrblodh @od provideanpref sidadinfolmation for error
C%Iﬁ'émoﬁv a certain code rate loss will be incurred.
erefore, the design of efficient constrained
parity-check codes is key to the devel opment of

Wﬁéd %aﬁp%ﬁgcl@%trgﬁ§§qmgg§e%' oA ﬁh rftle} Br?&%hn‘rmlﬂ%( modulation

have resear C ers 1 n recen
OPDStfﬁmfb isheuld besifrtlieaeaesly sdfigliedvAsta wesplhrd @eytane@cbdecr@teeloss will

befi ﬁéLﬁ‘r‘eﬁnﬁI\é’refo‘r@ h§M§§ ?rﬂ'&{éfﬁcrgrﬁ%bHQ dé?rq ;?é?ﬁ;f ERREDdes i is key to

es W m ni mum co 0SS renal

ar
tfg‘?rd@fﬁéw"ﬂﬁfé Bf BAtY-Fhegksoods Dagecieopivers Alteaiah manyietiaapis have
b‘é@ﬁ‘ %efd@'ﬂi‘/er@sepﬁéﬁéri’ |nCrIé€§rl& y%Qr@Eié cBrt?r@Fnesaar%dr%fr&ned coTje with a parity-

arrty-c eck constraint or o
Ché%@Qﬁerﬁjfl%% et systemestie desigre acanstiainke @arltrrychpck codes with

i cdddratd-iods ra@aindan gPéW robleﬁﬂmtl i€ %9651: éﬂy'ﬂrfﬁ&% to design

Codes for Single Error-De ion and Sing

cepsterinedora b ehesk cpenthet &@@fwrypléplErhrtd?aéltchheEErgowtém@ts for

ﬁéépréeordrﬁggygemyol 44, no. 4, pp. 1588 - 1592, July
8, a constrai ned data sequence is parsed into

shorter pi eces of equal |ength. Between each pair of .

Ity Be 6@t ddseRbedBy A bé@ralm caLipakhd ¥. 2R, rﬁam&rgtm.m.ted

i nserted for error” control The' constrai ned

Godss ke Single Faer-Pptestiomand sinale Byar-Caraséien whé\mw T¥ng Errors,”

|BIOE Y& salrif@h. Qﬁebr@evé'lowln@tllcﬁb 993@1 ﬁQQTUﬁlyOI@@Hr§cor;Qﬂ‘§lned
advant age of this schene is th ack

dgteotRaya el parrzﬁraévt@rshorfrr RigGas| of ﬁasalg%wér ﬁetrve%rse%ch pair of the

cBhthfneata BRRK, b&rt%éﬁ%éd&ﬁ?m@éﬁ@d for bRbr EdHroTBGREohStrained
recordi ng system can be corrected. Furthernore, its

daEhIAeKsed; pﬁﬂ%@%ﬁa plockpafe qapneied aueh Hat o viglaipn gf the

neauRAioh XBAstRifte becl THeYadVaRGKE offhid Sihahie idthie3adk 6f error
re ui red. Concatenated coding is further proposed t

F‘F%t"‘%ﬁ’dﬁ! drstiphag saféegaum?se%'weﬁ on% R Cdﬁ'xéﬂﬂlype errors
f@rCthé ArEghetic @@BQKH d te$r$cara§e BbIPESE FrthBrmore, its codrng effrcrency is

Gopal Ber gnmans, "Modified target
s e %Of@ana@ S bBR SO peely blagwat .'ergrre%%r%rrﬁgequred
channel s, ™ in Proc | EEE Intl. Conf. Conmun. (ICC),

New Ol e USA ne
Concatenate codrng is further proposed to construct modulation codes with error

detection and correction capabilities, as discussed in S. Gopalaswamy and J.W.M.
Bergmans, "Modified target and concatenated Coding for constrained magnetic
recording channels," in Proc. |[EEE Intl. Conf. Commun. (ICC), New Orleans, USA, June
2000, pp. 89-93 and H. Sawaguchi, S. Mita, and J.K. Wolf, "A concatenated coding
technique for partial response channels," IEEE Trans. Magnetics, vol. 37, No. 2, pp.
695-703, March 2001. In the concatenated coding scheme, parity-check information is
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2000, pp. 89-93 and H Sawaguchi, S. Mta, and J. K
Wbl f, "A concatenated coding technique for parti al

wo e®pon®es channel s, " | EEE Trans. Magnetics, VvOPCT/SG2004/000357

No. 2, pp. 695-703, March 2001 . In the concatenated
codi ng schene, parity-check information isfirst

fﬁﬁ'c%l&u%ﬁe‘bdfof Qécrﬁﬂsahlm%o@eb Qgtacﬁgc@(dTglgtlr?fom&%h is t]%%%eparately

information IS en separate encod
¥6Aded by as@ndadsgestrained arm@@nd@rw @npenlded tmtde ehdohthe

&%58&%%8&!&%%&% bBek qﬁ‘irﬁ?} 8 ﬁéﬁlhaw?fagzd’\@émgt&ﬁeme

concat enat ed cod I nNg schene
aehieves Bighyodipg ﬁﬁ@'e@ﬁz Ras @ed=Rj qole M@th éataracﬁ@mw Q)55a parity-check bit

r@?j#efs)Q GRRRK BRI Frapdtd 88 (? 72?@%5'%%}&1&%% r@cgfr@g %.5 channel

7) code, aparlt rtr
bdtﬁa'ﬁ%qwebuth% conqRiRnAted cq wﬁm@ﬁéwg rayduicky (8 dhene:

cfé@@dlhy\ﬂo@b"l 6%8§M§tlor(lb)neg&éd {&Qjeﬂ@é?f}{él ﬁbﬁllty LIRS, Thul? part of the

denodul ati on i s needed derive parity-c

chAgRe! bﬁéﬁf?a@fcwrﬁéomme|thq)p@ﬂtx—ph%céﬂhlté@\eeé:swobmmngulat@n
deldeddefirst Yeohe®k thfySCH%%@ﬂﬁor%tt@ﬁfm&@ﬁﬁnﬁébogﬁﬁ%%g can be

first, before the parit heck 1 nformati on
QbR PVigHE!%, tB|Sd6E 'r@éﬁﬁsséh%mdﬁ@cpommtwgl tpe channe! bit-
stiehin dofressstRithg tBehdl B&RHlicRECKIMHINRY ﬁéﬁ' dratect(eu'by ptahﬁy -checks.

hannel bitstream correspondi ng parity

B0 omert 668 Fe B TP leter deve BIRGK M laas G iaher errors

NP R maulhﬁ loRthel whdld8addddky THE® @ iHak8r ?ﬂ ?S&atf&ﬁy
|l ead to further errors during the decoding o he

whol e data bl ock. Thus results in error propagation. A

lemadecm [BRo dél’e@ﬁWSJSCbaltéht H@bl%fl&ﬂb%%@@@%d%%g and by
Coene, H Pozid

VB PR SeEai e W RIS L earBeResiaerig o

trfaﬁéltlcbri- etnift ietrofyin Sti¢d! rédordh IrfPr@BUEEE' Intl. Qfd?ﬁct'ilﬁgal Te'lé%ommun

- Intl. Conf. Tel econmmun.
(LB AR S Ralonioabisy. 2065 P B2s S3BRk ot eievas aivasciency
simigh tcemfalo@h@dléwatéd BtHentie tv@thbﬁlﬁnt%tﬂu@ﬁhb%‘ﬁ@r Q%p‘égﬁﬁjﬁ‘ Accordlng to
cj ng error gat| on. Accordin

i, P S CTBHEING R B Oy SR Aot B Sling block

COOdES ngstadnd@fd Codedndod paMtp-chbdkcir@liny esde. ThE RSding part of the
noar C

P hripe ot ende Ewh@#a??é%k%%ﬁ%?@é” cRhgh g chosen to be

comantioes cesst@rradd &ldesdat'tte eAd 66the \WBh&tFhiddEpH §neé1:ktdéde a
nvent i <gonstral ned codes. At the en he

PREN TIPS Rt IR pls Sciraf ko Gt @ coiiain PeyU CheTk e teppaigcode
wood Bdcauststhd tivo cosstitucit cadexeirt daBedé Eﬁe%/saﬁ{b;elcwgno bé@tional
St tuen coaes

HSBToBR5B %e8 7GR0 bl Rk bt s g oy
dnéedamra‘irﬁard ;?aifrnt)t cﬂmdzg:otua? vihieh sobitas 22' @@ahafb"ts peR phdty-eheck bit,
= strai ned par.i
L e T TR A
b|t have been desi gned. However, the conbi-code
| _drawbac
LR { Shind 5 s redto %r?ﬁL%FP?%f'WB% o gt i

siglertbit tfansition shift error, or n-bit transition shift errors in the same direction). It is

difficult to generalise the scheme to detect an arbitrary type of error event as well as
error event combinations.

Second, the combi-code scheme achieves high efficiency only for d=2 codes. For d=1
codes that are used in third generation optical recording systems, highly efficient combi-
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single-bit transition shift error, or n-bit transition
shift errors in the sanme direction). It is difficult

wo soogesmeal i se the schene to detect an arbitr apgT/$GEe4/000357
of error event as well as & ror event conbi nations.
Second, the conbi-code schene achi eves high efficiency

d eq. i

Bk /Yo S BATE a0 L oE BT OBhy B MRS s o
cefies carelm oleimb{ @wébera(r)e:smgta mpalsltlaateenmmpmgaenmder or (ii)

- [
c%ﬁ%rgﬁggbﬁ%@aflﬁécg%&%ﬁ@?g{@e ?Jt?bi&?té;? éﬂa%g'g%% e% 'ﬁ?ﬁd&gadvantage
of iartimemrynm gneattes isethat, &ar each phasendfiting encodar, wte;epetaé@ kode is

f
d| sagvg’ﬂ% gﬂg&glPWng{ﬁjfeﬁnt |ﬁcer§a%§e}£nﬂcﬁﬁgfe%?&ﬁ?tﬁﬁm%n}plexny On the
othas hapthdbe C@ﬂbmh@pfbﬂfdlﬁﬂléf che@k §epumat09deweh ds-free enabling codes
|

G e BBl M50 SegBl i, (A £ AEAR0A L Ao,
d@éf?@u engblingcases pl&feﬂ tybe mekecématﬂ freyeotiithanwhe parity-check
e%b,fr{gec%dggabl ing codes will weaken the dc-suppression.

his”is because, to get a satisfactory dc-suppression,
dc free enabling codes need to be inserted nore

' ﬁhfr@c’tH@me{lNcérHé’éhetnb@ocﬁ@(ﬁ bl theG %roe&%b He X ang g\bi-code

he mai n coggonent co

36'6%[@? Isu%'&@ rpie 2/B&1.&beasie fendr! @Qm&fmat iagd gt riate 8/45 (%ﬂ@e) code for
d(gé %gﬁstﬂamtﬁh&@fﬂ@’ efw%} oftoth ﬁﬂ"&?&ﬁd@?d’&ode@%d@hé Bérﬁy-%ﬁ%& %nabllng

code for constraint. ficienc
cpfies equichbr futhebimasovasby wénqa@ﬁssqﬁe éhléttrpg r@ﬁ@i@mm@o@@d &y Immink
ctau|d. Rvéprther inproved by using the state splitting
nmet hod proposed by Inmnk et al. (cf. above). The
present invention overcones the above-nentioned

THE prdeKiBvartioh e RO RS tRE Eb%ﬂﬁ%%ne%‘feﬂu%k& bftkedriby art

the resent invention DFOVIdeS a enera

qre PRRigulpdy. the REsPRdRYERoR aw&eﬁﬁ%ﬁr%@msmgematlc

w&?ﬁéﬁdoﬂbﬂﬁﬁﬁ'm@ Qgﬁécnw'iéﬂbr@d&im@'cﬁﬁﬁré?r%d soHel Stk any given parity-
constraj nt, whi can detect and correct. any of

chefi Geastraigh W@Fh&?@rﬂe“’é‘é apg cPrred agy type oé@emnant greor event as well

a6 @Bl Badnt eBPbinb@dns, Fstlimytareel il o?ﬁﬁa‘l FRbrdiRFSYstinng
systems. SUMVARY OF THE | NVENTI ON Accor ng to one

aspect of the present invention, there is provided a
nmet hod of encoding data from a dat a source, an input
segnent of user data haw\g% beenéﬁartiti oned into data

words. The net hod eoMMWARESF BHEHNIVRYTION data words

into one or nore first conponent code words and a
second congonent ode word; and concatenatlgg t he

Aceordind g RpB ASPRC ebe RiBTeIS inKpRYPT Hiere IsqiRvdedapitand of
eﬁ@@tﬁng’@étd filofn @a@oal ddRrad, 6AMPunSshread ®f WBdrdiatahdvingbeen

partl?lo m[o daQa wo I'}R/e n%gteh%g cgr%%ﬁgersaIeﬂéod?r\mlgetrhetdgta words into one
or more first component code words and a second component code word; and
concatenating the first component code words with the second component code word to
provide a combined code word, with a pre-determined parity-check constraint over the
combined code word. The one or more first component code words comprise one or
more code words of a normal constrained.code and the second component code word

comprises a code word of a parity-related constrained code.
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conbi ned code word. The one or nore first conponent
code words conprise one or nore code words of a nornal

weonshi@eined. code and the second conponent CORET/$62004/000357

conprises a code word of a@arity-related constrained
code. According to a second aspect of the present

Ac%. ! '_tgfélse‘cB@J g%#e% & 1HY gge%gn U?nglgRCthgrfe |9§ﬁoivgﬂid%gmgthod of

J;ayl' ate ns rain ruse W
8§oea @epasity-redatec tonstmined siode fbrcisd avithvar sbgiue Tdecof metrhald

c%ﬁgfpeﬁr'\@oe&de%!jg M AOmE Y d:%ﬁ'fg@sgé) 3 n_ﬁ@[\]g 2afdiddtBCode words of

parity-related constraine
ﬂb%\P@fttyr-' ¢ated icopstrainegfcodrecarapidind pattyeabeek Wtﬂrtufsthe candidate code

V&Hrést @ﬁs’ﬂ#ﬂahuﬂ%tﬂéﬁnﬁ%@fg %‘e%&@gﬁﬂhg\g gpo}g'd?tc&cij@wgrraoéje?s of

concat enat
Cpafgaé@m@\ng thgnepdegrard ﬁgtsaog@td@r. aawfasmingra eadel tebls foraat deast one of

. ed
RSN I BTN AR IBRARTRECC ot (e
present invention, there is provided encodlng

A@B&@Tr@ttki% thid aﬁﬂz‘épgﬂ the pl"é%%ﬁt IH%rgtaF rtﬂEFe"J}s g?g\ﬁieﬁ NES&Fing

wher e "an |nput segnent user
apa#refusi fereiForing oisandata \W@rfd% datgiseueggpwherew iopitsegmest of user

dhtd fds AR QRARIIORBR M §&E vRIRGL I HaaRat 08 c%ﬁﬁse@aﬁd@t encoder

words into one or nore first conponent co
MEARS AR BeHAS PEERMTe data Mesdsdininone efapereisy gompppent code

W) @Qc&@@ﬁﬁ@éﬂm@&%@o%a@dm@@déf@ Wort R4 Qécdﬁﬁ%géwpfoﬂént code

concatenatlng the one or noré first conponent co

WaEY: RedeDFRteRIoITBe BRSOt epfisatRaRting Bigeoner dnare fipst 69mBlenent code

m@)@dﬂvﬂefﬁe%ﬁd&)dﬂéﬁrﬁ’pon\é’hf Sod W8 6 ﬁFo@rdE‘ af‘&gn lﬂﬁéd &Hdeqx’@t‘akwnh a
over the conbi ned code word first

st
PE% S%Tglﬂ?é RRH¥ Cﬁﬁq‘b%o”étﬁﬁ'ﬁwéeét%@%?m%@@edwé Ve disst

cOinp8ndM i@ weRIBKohriB&ené 69@‘10%‘906&)@0@@6%‘ ﬂor‘ﬁ%@@ﬁ’eﬁfﬁined code
aegﬂﬁv\ord conpri ses a code word of parity-rel ated

FAPAR GOBBRREN ARAG AP MRSISES ﬁ&eﬁ@ woa%ref&@artsy-rqlﬁéd
confidd doggenti on, there is provided an encoder for
encodi ng user data froma data source, where an input
segnent of user data has been partitioned: into data

A‘wdirdh‘ﬂg td B RTICARHREL U pleSESt innlbM tRéklY pRNvidkl ahtencoder for
g ders for encodj ng data words into first component

k550 Sata Tl 8 SRl SRR avher A EREbRAGAREN Otites daksr feps been

phfitione me\A@ﬁd’ﬁpmr&nc@@éﬁ:oWn@es Aplurdlity R ﬁ@i Sﬁ@d@Fs for
the first conmponent codé words wit

for . concate
epfRe ﬁ&O&%ﬂ@%@ﬁtwmaewcﬁoeetweﬁ PAPGE SeRsKBT A6 ghooding o

damd@ommitda sacbid €orppat e5d8 vierd; B & b¥ndai&dfor for concatenatmg
constrai nt over the conbi ned code word. The first

R TPIRONE B dRAYLS W16l 3850RE gemBRitans code Worddp pagvide a

combistd aomed/oap dmh &Fm‘ecﬂeh@rrﬁﬁ‘éd) pakitg AR @Inbtr&iA ey eMtiedcombined
dseﬁ,‘af of a I‘Itn}]/ rel at ed constrai ned

CB@%P@W e |rst componen code words comprise code words of a normal

constrained code and the second component code word comprises a code word of a

parity-related constrained code.

The apparatus or encoder of the third or fourth aspects may be operable according to
the method of the first or second aspects.

According to a fifth aspect of the present invention, there is provided a method of
decoding a constrained parity-check code word into a segment of user data, the code
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The apparatus or encoder of the third or fourth
aspects may be operable according to the nethod of the

W0 200s046025 second aspects. According to a fifthPEBPEDN4/000357

of the present invention, there is provided a nethod
of decoding a constrained parity-check code word into

word @Qr?@ngmg?g cBr? t?rfiﬁigﬁ’of {" %?ar%)&% 5g°r%§nen t%o@eqwords The

concat enat secon code
mﬂih@%commﬁemn@ﬂn@awalsysef ftn‘&tomm;mgeat qoide madrds gndothe second

j 0
cglhe i RO NEfs (66 ol or a8t A8 woREy TheTROARRAent coce
worgssgonprsiggdeemel Qmatéalmml d@da:wwps iapd threosemahd compomenit nedk word
BABRAS BaripRdafeheoRaranc caRapgnt code word

rises a parity-related constrai ned code word.

V\here the normal constrai ned code and the

Wl?é'ré ttﬁ’e ﬁ(ﬁ' \ @%sﬁ'gﬁ‘ﬁﬁr 48 SH? %&%n %f sg{ég\%l% Cod& % based

oeé'nﬁs ﬁar*ae ﬁ@&" é'%ﬁj@et-‘@dwggeﬁéﬁépf the D@rIWHelmnasaine@mdﬁ can
gEH@raf‘PBéTWe s%%l—:ség ﬁbpﬁlqhg AdEnal -EBH&ran@ﬁ &%@%NM?Y bBServing the

next ‘code word taining its state I nforma
nerreedg vosd abd Pbt@ﬁmwltsf@a@daferm@tmnéhroagu a@@ffbmﬂrld@gtqws table,

ahaEehmﬁdgqnls%fbhnétlb% vhnptvfeﬁzﬁ |ee§]| Bhﬁe%wrér‘ﬁrgodg%?d the

word, the decoders can uniq eterm ne user
daeRderaeAHURISERIY ﬁa&eéfamwt*ﬁer]uwﬁéia @rérﬂssm;@t@d mthdhe current code
wAegording to a sixth aspect of the present invention,
there is provided decoder apparatus for decoding a
constrained parity-check code word into a segnent of

AYESHINGaAd A siltih ﬁsﬁé&j Bf {8 rp?e%ﬁfrﬂ(/érﬁioﬂgth@réf‘@ rﬂ)?(?xﬁld'%rbadéc%er(’f
first and second g&onent code words appar at us

aperfpusdeisdecprling @ qpastriapd ﬁérah@hmcqsi@dmﬁ mjo ftsegment of user

dBfalithl doldl wdlrd Ebrhﬁﬁsﬁ?’%@ﬁ@d’ﬂénd’?u@ﬂ B HIRE S%d $HoRd Bomponent code
Iur aI | E%? of user a words d second decoder neans

PAfRtyhePraRiissA IreLiRseRRTne@tsder drpodingrihe phirality of first

c@ﬁﬁbnéﬂﬁb@d@@b@s iftB& pliifafify of SRR oRRIENYOEDRd decoder means
conpri se normal constrained code words and the second

for SeperiahthessgandierraPenamh Fpdeword interd wser dataavard. The first

c@@ﬁéﬁéﬁbﬁ@@w@@ﬁ.&oﬁﬁﬁuge nOfrEA lcdhdtehided &d%%@é En@ﬁl@%‘ébond
of the sent invention, there is provided decoder

C@@PO%%ESB fyord m@tsrea@rf@atyprghtqd/cqrﬁ&emee@e@e Werdd i nto
a segrrent of user data, wherein the code word
urality of normal constrai ned code words

biﬁglsgvg'aﬁ cape &f B REcTRAt Inventioey Hieeriisorpyddecin Aeepder for

démg/\@ bdnstfﬁh%ddﬂ?@d&fecﬁ @BBE WoRPintcPa BédHhértiof Ms&tfdata, wherein the
constr ai madecgders to decode the plurality of

oK WEId R F P P s G0 TR ConsTAmes Spele Mojes torietis
c@rﬁh%éﬁa@é&@ﬁaﬂ?&@lﬁ@d doBbtralREe® ebdedwdriae TRaldetyddrebiipfses: a

i ned code
pf:ureﬂ“?y o] normal constralned gecoders to decode the plurality of normal constrained
code words; and a parity-related constrained decoder for decoding the parity-related

constrained code word.

Where the normal constrained code and the parity-related constrained code are based
on the same FSM, the operation of the parity-related constrained decoder can generally
be the same as that of the normal constrained decoder. By observing the next code
word and obtaining its state information through a corresponding code table, and
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Where the normal constrai ned code and the
parity-rel ated constrai ned code are based on the sane

WO-Bb/04dees operati on of the parity-rel ated conseCESGEHA4/000357

decoder can generally be tise sane as that of the
nor mal constrai ned decoder. By observing the next code

M@nu@%ﬁnsolmo%g cﬂ’gw{tﬁ E@%lé&aﬁe dé) n%f @3 Egc{éh\}v hrﬁo%% decoders can

correspondi n ni ng
Wﬁl{ﬂ*mteronnwl'lem%ndamm@ associatedivitietite cuoget eemtedyorthe
decoders can uni quely determ ne the user data word
associated with the current code word. The apparatus

Te anppamies orgfecprer afitlke sixtbror sevenh Bspestremay bampetable according to
tﬁ@ﬁ{@moeofwmrﬂégg oo the method of the fifth aspect.
According to an el ghth aspect of the present

invention, there is provided nenory neans storing

A&%Fﬁﬁg{‘tﬁ%te@grﬁﬂ ceeed o F’ﬁﬁet e{r}?ﬁwgé’ﬂloﬂf th%?%ﬁfdr&ﬁéecfﬁgﬁﬁé/ means

e aratus o or fou aspec
ﬁé@rzc_r@eth@remﬂﬁéwnmedéwam methodmf dva firet %ﬁpgemrbyl theiapparatus of the .
tRiYE biedBith GsppRy, for constructing efficient constrained
parity-check codes, for instance for optical recording
systens. According to enbodi nents of the present

'FHéV;ﬁ‘Qéén@ﬂweﬁho?\QQ§BfeQb? Fsli béﬁ/ﬁg&l%@% %tlb%&qgrec%nstructmg

t wo types of onen e nor const al ned
effisirnt sprptiaednay yrgneéks@@%ﬁ &rirgtangerfedortisakreceidingtsyaieans.

@cbrdﬂ%&b@ﬁ%dtn@eﬂ@&ﬁthb tE)i%‘esfe?ﬂ RvertloRsSs cé%t%dﬁiﬁya{éck code

capacity. The parity-check constraint over t
'%%%SMP dymes of eamperafwt B9dess Heaiasmat ¢angtreined gederand the parity-

reRftet donbthafe £, WRIcHSrdhli BedgsdeieiHalE tHRAY: 'tésyclés‘%| dﬁ@ttﬁéjShannon

constraj ned code word chosen Trom a candi ate co

GRBRGIYs Bte PBY-RhediecansiipBhever theoritice aede werdiis eealised by

coRERSNMNG thd horRfhl EemGralied cobE Wordy Wi &R hRR
t he nﬁngFSM Thi s enabl esC themrt 0 Igggggncat eeﬁat ﬁat?ﬂ

Caﬂilracw RIS GhosANIToR Aregndidiaterrsdamerd sef Both the component
coa8s hiedinié-Stata1b6Hea eith fh@aildidiad, %lcﬁ' aﬁ*@ 'dfaélﬁﬁ‘éﬁ bdsed on the same

n‘g’l er hardware inplenmentation of
Fzﬁ% d snpblesdiem tﬁrﬁ@ Cﬁ%@qt@w%@@@yc%wtw@pm viplgting the

nefulanied cbustt:hﬂs R 413 ﬁbﬁ@k@s@%ﬂﬂ‘&m@kmﬁi er%vaéfe check
stematlcllne code hi s

. r X
Bl ls00n St b eaRaTTIdeRae The BRT-AFRK Chetraintis defined by the
pdﬁty&fﬁebl@ Bol?nﬁdrﬁ@fd)r%éri%f cHERR nbdfd bf AbytterRAd iNéafRIBEKcode. This

resu he codes constructed can detect

Péwf%%ﬁ&ﬁm%wwafﬁf defining the eaRf detectipn Griterionef thg constraint

paryrihecloidaans anes |, tHe®dey ebastuckivalrdetstt bhy ?}pe@ﬁ dominant
second enboglnents of the present jnvention provi d

SRl RYdY 2 yeld @siegr sveb gempinations ofdhe PtelPn- t o- zer o
inverted (NRzZI) format and the non-return-tozero (NRZ)
the codes. in NRZ

B e SR S S R B8 o S isrbrbige mthocs f
db@lguIarﬁdefrolheefoh%ttﬁ@tcﬁﬁéereﬂed (RREMFdrat 8hd Ble non-return-to-
z%,%r{hﬁﬁ forma{ respectively. Designing the codes in NRZ format may reduce the
number of parity-check bits required for error detection and simplify error correction (or
post-processing). As will be appreciated, the parity-check codes used can be any linear
block codes in the systematic form. The modulation constraint adopted can be any d
constraint (d=1 and d=2). The new codes designed do not suffer from the error
propagation between the parity-related constrained code word and the normal

constrained code words, since the parity-related constrained code word is also
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post-processing). As will be appreciated, the
parity-check codes used can be any linear bl ock codes

WO mobhes9syst emati ¢ form The nodul ati on const rBCTIEG2004/000357
adopted can be any d constr@int (d=1 and d=2). The new
codes designed do not suffer fromthe error

&PB Et%gzb:y ﬁﬂ}f&{e}%ﬁ@ur&g &Qréth%(tef I?E@ﬁ ?rgun? gnﬂhre gﬁrqum transition

nor rmal  constral ne
rpn éME)'BP Fenstrait aarealse basdded ingtle dedenm@essby |ncreasmg the length

SROBSRIVRG o6t (R nBiAbbl ot SBREC mERSher mor e, Stri cter k
constraint an Re haxi mum F Fansi t1on run ( MIR)
constraint can also be added in the designed codes,

B)nlﬁlr?@ﬁl'e%h%ﬂgabr%ogﬁa bgfthé g&'ﬁb&ﬂﬁ}%nl‘%"fﬂ"l n@@sér??vv:gﬂmgle (/arlous

of states usi n
neMecansiainpérpatity-check miep fittisg rﬁ@ dlffmﬁeuﬁtecorﬁlng/afstmscamw

deRidpkY %%%IMf'sEVer%hﬁ%z cGRL8Rat 4L Hlﬁi\g“éﬂo ecfsyogc{n‘?d;‘t%%e present

recordlng systens can desi gned ever
imaRtien a(@s'”lﬂsfﬁr@tedaifée gedergirage @ &@rr@wmgdqswmeﬁ@oge%@éhe BD

gygt\é%t,gg@o@g,gluhﬂehustrat ed. The performance of the
ewl y designed codes in the BD systens is also

eval uat ed. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention will now be explained in nore detail
|nthefollovv|rl13%ldescr| t|on of exenmpl ary and

non-1initative IRHSPN OfreHiEs DRAWINGSf er ence

to the acconpanyi ng drawi ngs, in which: Figure 1 shows
_Ia bl ock di afcizram of an encoder accordi n? to a first
SRR SR Riventiasy Witk B e xplaitpddn e detall indhe following description of -

eR@mblayy SMERdn-GrakkRive Pré¥Bébd ERBBBImentd, Gith feférdnse b the
flowhart rel ati n to the operation of the encoder of

AEFYUPAWANG FRY(NEE BWNChy | owchart relating to the
design of parity-related constrai ned codes for use in

t he coder of Figure_ 1; qu%ure 4 shows an exanp of
L oIS 1 sbOue ik cidramil n epader aRpsANE S A s embodiment,

f@mtt"rmhg AGoAsKAh&Y Bérﬁy-aﬁéck%fdbtny NRed f)mdt: const r ai ned
code; exanpl e an _encodi ng process

C orC eigusd S a Bon O trslng \eiNB e RS 8 1 aIg s Eiours 1

Fi guirge Shousioactroelatidl #@fRMedignaf Qﬁﬁt‘}délbtécd@ongﬁﬁned codes
with . .the fi raerqt?g_modl nent and a second énbodi nent;
f

ft; s i the gneo &t relating to the operation of
t he danpearshois bh @Nﬁmp@ of il @de @atsle §B<§Bﬁ§m§ltcbfh@(ﬂﬁst embodiment for

SR SRS AE ety Saeer dng, o e ond

par i tigureeckowsdr ekamplB%ffadrdi@bding process for a rate 2/5 d=1 parity-
related constrained code;

Figure 6 shows a block diagram of a decoder for use with the first embodiment
and a second embodiment;

Figure 7 is a flowchart relating to the operation of the decoder of Figure 6;

Figure 8 shows a block diagram of an encoder according to a second
embodiment, for constructing a constrained parity-check code in NRZ format;

Figure 9 shows the distribution of candidate code words in various encoder
states for a rate 12/19 (1,18) parity-related constrained code;

Figure 10 shows the beginning portion of a code table for the rate 12/19 (1,18)
parity-related constrained code;
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Figure 9 shows the distribution of candi date code

words in various encoder states for a rate 12/19 (
wd28p4q23 i ty-rel ated constrai ned code; Fi gur epdDSGIIOWB00357

t he begi nning portion of aleode table for the rate

12/19 ( 1,18) parity-related constrai ned code; Fi gure

11A
Lo 2l ARt i LR 8150 v
engegersiates fpr panigtéth Jotd padiyrretastbehastraingdicedsl 2A and

12B f

128 s @3ATALA2E S0 ygﬁque%grg;vmg@gb@wg@% 8 £08% table
ferdhe ratai”hiléd1 Y earitrirejated copstediorsscadee di stri bution of
candiggig geqewwedoﬁsth@uﬁeﬂqfeaﬁ GRE L wilA! ﬁ%ar];gﬂf dhcoder

rate 20 g@ arity-re constralne
sfategifop arated] 6&952t1l’~i'>éPb@gtrﬁlﬁtqfilgiopsﬁf@lh@mcme a code table

for tef ré 4k 8ndié #H Heginhmlg (i i} tord géo%ttsﬂ GORL Fa*’ﬂ; 1620 (2,15)

code; ure 15A and 15B"s Stri ut| on O
p@ﬁWdP@éﬁ %‘éﬁ@“%?@@ in vari ous encoder states for a

rat e Yt 1564 a315)1 SB%rhbWMhé @Isﬂffb%gor‘??(‘%nrd 2R EbdeQSids in various

Fi gure 16A and 16B show exa rom-t I nni ng
eﬁ%‘?C{qf Sktetfopa é@ie@/%@t@)péﬁtytrﬁetadeﬁoeswlged €®g615)
pari tF)@Jr@H@A%ﬂd QGB%BW&%H\pfé%C#?om fHeBEghning S0 of Bide table

error é erf ormance compari sonh o

fosdhe fi}e éﬁ@d 1@2)8%(&’ AHaled COBHHAINGA $Pd8: prior art rate

2/ 3 Figufe 1¢@H@N@B@lt‘é’hﬁhrét@@ﬁ@%éﬁoﬂﬁ%& %Ml@@ﬁ of’génty -check
| densit gure 18 shows a BER perfor

PP sy SRma W ibia PGy AR OE  SLELEIS A pEnonEvY davned

chddsD bt Arhineldedsy;an 1 , 7) code and with the newy
desi ned ﬁdes aé hj gh density. DETAI LED DESCRI PTI ON

oF T RBCIS TEREN RS FRIPRATISER Oh BRTY-6Begksioded BD

syetas sm it @GPt et 3 (P 7pé&feeérfoaﬁutreme%mgsfgneﬁ cbBSs, at high
gr esent invention are first described. Subsequently,

¥ific first and second preferred enbodi nents are
presented Af terwards, exanples of new codes that are
desi gned according to the present invention, as well
as their performance evaluations are illustrated. 1.

Cener alDEYAIDEDESCRITICRGF PagiFIREFERRED EMBOBIMESET
data, which may typically be the binary output of an
error correction code (ECC) encoder, is separated into

Geaaeprindiples foateddliaxidrbacdordify fstetePreBNRRMINGENts of the present
invention are first described. Subsequently, specific first and second preferred
embodiments are presented. Afterwards, examples of new codes that are designed
according to the present invention, as well as their performance evaluations are
illustrated.

1. General Principles for Code Design

A sequence of user data, which may typically be the binary output of an error correction
code (ECC) encoder, is separated into consecutive data blocks, referred to hereafter
user data segments. Each user data segment is further partitioned into several data
words and then encoded separately.
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user data segnents. Each user data segnent is further
partitioned into several data words and then encoded

weepanaed y. All the data words except the | astPOnNsEGEN€000357
encoded by the codi ng nmethaetl proposed by | mm nk et al.
(cf. above). The obtained code words are referred to

" d ds
e BTeee S0 1o R0 MRLlR oy TP o e S8t o
Imoinkt etal.nefd abcme()xdlé"rel,lommded tbaleoboras nedretsckel toas dncbrmal .
%étgﬁ["ﬁgf?&d?ﬁ%‘égsrg%% %@{ (’(j)ét%’ (/vgJ}' Sgg%v%)vn e&chgeeod by'a specmc parity-
rplateidtopnstraindd emoger, and theosstained eodenondds cefereedrorad, the “parity-

r%\(g%gjtb\gbgtaagn%oﬁ tv@cﬂ'at 'Itcfgdg%r‘&ftoqgglggla c% glséoz??tyn%gck constraint

d t
oxef e eTtie Q@dalwoyd OIHE@“kls camm\catanaltiorfq? ?fiferzmrnmbmvamed code
" .
\Ago?&{) %{?ﬂﬂ@%ﬁéﬂeﬁt&{ @oqﬁ{rgu \/\g(]ii Ie f%ﬁ%?’&(ct%% égl%rna‘mt to be

I@b@ﬁqqiamreémr@s t@a@ne@tetrmnmdmant)evm potynbinighor pariy-ofieck matrix,
V\ﬁ%CIF fdbf?nééﬂ&%e@c%@rﬂﬁaﬁé’%ho?@/erﬁg or Sﬁﬁree\)eﬂt J:(fmﬁétl?ﬁls ol?g

ation constrailnt nom a
Spa@ilq gata istacrgensystanx Fesedse tnombesm@ Uwemodulatdmszogatminﬂsothe

Q%h@EI@F@}I]ﬁcgﬁ fsatfﬁ{]a'rlﬁ/ -Bck a'tn%br?&éﬁsqg g? PJ&% or designed to

or mat at” satl s t he nodu
géaﬁr@tq apystemalicaraiitieehesk code H@defovmatdm Hitsthas satisfy the

mEUMRbn %Qﬁb‘ittaﬁrﬁé Qf:édtjs‘ég%% tﬁ@goééq\ﬁorﬂérfér iﬁle%ﬁqal constr dalned

constrai ned , arl -chec Its ar
ceae ond Kye wtydrei?ged ws@gwedmﬂgtar@ﬁh@panth@hwmware used only for

g%@ﬂ%tthé'caﬁdiat&%q& Wh@%oﬁfﬂgl Johﬁtr&ﬁéd Eéq "Veorat §Hd the parity-related
constrai ned code word. nor mal. constrar ned
cepiingdrodnavashr i ty- r el at ed constrai ned code are
finitestate constrai ned codes desi gned based on the

same FSMthat is proposed by Inmnk et al. (cf.
BaHuife ynormaal restraiprebsadg-angihe Retiyeglated sessteained snsieess finite-

sh€e 8dHstraned coddd §es@dr§@ b%@é'@bﬁﬁwet éh‘?né P@MQH&QQB@{%S&%’G\?%mmk

to be connected seam essly, wthout violatin
ek3l. hirbprel finge canscity-pRPIRaEhiRY cedassianiherebly be abtainedeFlhis also

eh&blene tRB %o%gﬁeMQer%%e&nB@c@@%Qaﬁ’lf%@ély %EH%UY\QBthg the (d,

in each state of the FS the parit
krerfstraints £ar @Sd@rmeirpooﬁtéalmqw@qdqqm ist @wq @pda vscz;fi mgpped to

- edth Géﬁﬂ@a%&&dcﬂ%cﬂ@,fa‘ﬁéoﬁ%@@\h qio'r}‘ne@é?ﬁﬁﬂalété’d B&dained code,

user data word, in each state of th wher e i's

op ffee AfRbaNdothepaisia Sa! ohdckansidate cwm%rﬂéeomlaﬂytm@ped to each
uB&r dHd weRI)fi shiteste ©PHR FIN %?é?@% |Weq1dn%&tohp&fty tcH@ck bits.

Cga”t -rel ated constrained code has to be | ongert

Witthibe £19amel conalraied ¢ade. Heerade vsnd langte, theparity-related

cOeIRmddldde abe td Be RABEd tBlachibe fﬂenéd'ﬂltﬁﬁai pHRity-BieklcBRstraint, and
due to the pari check constrai nt parity-rel ated

heRGRsits 'grsis & are pLnigiAlise ﬁh\géated%sqd«)@ tp é@q pHBEN SRS G@NRtRaint,
tHeSartRramtee dorsddmedode is only used as the last code word in the combined

code word.

The rate of a constrained parity-check code with such a structure is given by
R=M/N - ‘
=Ry = (n/N)(R, - R,), (1)
where M is the length of the segment of user data, N is the length of the combined
constrained parity-check code word, and n is the length of the parity-related code word.
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The rate of a constrained parity-check code with such

a structure is given by R=M/ N=Rn - (n/ N(Rn -
wWORp6/04691y where Mis the length of the segnentCD$G28€000357

data, Nis the length of th2g conbi ned constrained

parity check code word, and n is the length of the

IRk AT ERS SRS Lo A0 BB SR Lo LAl PR

constsimaad ouele, medectivelys ﬁdaetchueb wf th'étuerrtblnmdcx@def\/vdrdnangth N, or the
: e nu
E T ACINTI TN T A e ——
teepesifiicepcatdipg systewrarutie as:pmprdm ise betwaediting C&jﬁﬂbm’l‘bﬂndhe to
' , s due
o SR RV R o580 e bEASPRel g o
prévespasianmooeetsmtr sinlhendasublp reome svents thaih ocaur méthin each
v C
B SR BB GarOURLE, S0l 818 U] BT Ml Br v
datﬁchagl qode wead iat thechutmik of tasu:htanrtdt detestod etsegtleas thedbanne! side
rrnﬂjattah oB[ﬁ?n % in?ﬁt 5\"?!?6- Eh% etg&ére(:t or, as vell as
e channe I ntormati on o a| hed at the i nput of
the channel detector In the witing path of a data

Iﬁfh%rvﬁﬂﬁ?%\éﬁ't &8 déta @fo‘?&é@gfﬁt/een? agpreﬁocf%1 g R’\od%llo 2 integration

|ntegra I'on operation, ry ou
oppigtiehreonKetsiae birrcoeepuisiof theecansirainep enciidey um)el gbragspending

n%ogxfé@éd si Hﬂ ﬁ%j% |§%d%|%9{éﬁts fly Jr‘é{c}r&?g gt 0§t8%g?ﬂwe%ﬁfﬁw The

storag I um cons a|ne encode
C@lﬁfér%@&m@de%b@ bedprierthe aracodersara nefrmeEd tasasjare NRE| sequence,

wiid ke ;Sr@@o&érr%Gg%nsoé’rte%‘ferrgiﬁéaééﬁl\{1 $d ugﬁlcé %oﬂ%aﬁ&hdmgly in
NRZ sequence rrespondi n e rea
ttt%r@ﬁémaﬂaﬁt shesp ex'ﬁvangevqss%@@seaer&@tmmthe waamaﬁteptor and the
r t r
U R RS IR IR A Shauchle BRONEIY Rk ecuence.
t he above code design prlnC|pIes ef ficient

USPRThE §b6\%dcd&%fde%bghcd?|ﬁ€ ueeoaﬁae&%nQ@a.H@a? hﬂﬂg@hé‘dkt&ﬁés can be

in NRZI format or for mat . Correspo

degigngd eitherint fNBé'sfoafl@t qrum NEZ fatreat. @wremnﬁ@g|®wllﬁ@ metlods are
I8 5HPAEH IFRIRL Sollodind IVdce isifBntet hod According to a

First Enbodinment” In a first preferred enbodi nent, the
codes are designed in NRZI format. Figure 1 is a

25 uReBIdsfgrVedkd Neasrumy 1o mRELRAILBEinfRPar at us .
according to a first enbodi nent of the invention, in

the formof a constrained parity-check encoder 10,

& Fish praRred @RbEARBRY, the QRRE BkEdAGGHRIIh RRZA ‘Porhﬁ? Figure 1 is a
process illustrated in the flowhart of F%ure As
[

sehamalicbiedkFiagiAmIal sneodjeqyarRaralys ageering 4 a Tisst empodiment of the

iv@htidr, irothedordmba t‘,’o“n]straﬁ‘ﬁea p‘éﬁfydc&teﬁﬁbﬁébdﬁlqa)whlﬁﬁrﬁﬁg for example,
these data words, the data words 14

opﬁr@fq,aqf@mmq/toetﬁe BERSESS Hlygtrqtpqi gvtthe flowchart of Figure 2 As illustrated,
an M-bit segment of user data 12 is partitioned into K+1 data words (step $102). Among

these data words, the K leading data words 14 are individually encoded into first
component code words (step S104) by normal constrained encoders 16. At the encoder
outputs, K normal constrained code words 14a are obtained. The K+1'th data word 18 is
encoded into a second component code word (step S108), which is denoted as the
parity-related constrained code word 18a, by a parity-related constrained encoder 20.
During encoding the data words into the two component code words 14a and 18a,
following state information 22, for instance obtained from a code table stored in a read
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conponent code words (step S104) by normal constrai ned

encoders 16. At the encoder outputs, K nornmal
waeonspi@eined code words 14a are obtai ned. The KLSG1004/000357

data word 18 is encoded i nt1® a second conponent code

word (step 8108) which is denoted as the

8 b o

B b SRS S RE AR 8 R 0B 18l fremitdaprgeec
frome eakit enoaderdts omototthe nextencadeyden200which isoordserbdder to the
@ﬂgm]ﬁ@ e??lgmg\gia@% gzcgrﬁxtag?ﬁ I?ufdfb% éh@ ﬂegt?sgaté ab '\Dﬁ&ﬁpﬂg eyect a
qeReNVjorafor enghdimmete eext data wghd. anderbaseatfone adarltj/-mjated constrained
drlcbdtido, 1o Lﬁﬁ%%?ﬁ’ue{gl%m RSB REAE or S BTkt Bidrly hiPbutrer
menyery Z4nT|F¢ gtoras! stateThfognationt22aiat ther omdputar thenliffeatresnory is then
da%ed“t%’iﬁe ﬁrtsf‘ﬁgm*fe{l Qgﬂéf‘{%in%g etn@o«i?e¢|1%cc}f R SR P’ﬁ\%hﬁeoéncoding
encodi ng the ne ata word. 1N the Cagse of e
datar Wpsd T efithe aqxt@@memnm drreiscibadirst 2ormalipenstraipesd ergoder 16

ﬁaewug QM RBmr gseedé]tﬁwmw o c%?rehtsdét %gﬁtogﬁcgtgmtate

buf f er rrem)r e stored state

information ebiaiad 1 theeousputas herpari-gelated ph@irapwmod@“ 20 while
Jn@@dvuﬁé fr%tpr@\%l@éatﬁ g@?ﬂhéfﬁ' "FSP ii%nfe??ﬁrrst &Qa%‘;%rtngﬁt BAGRASN

I e 'encod 1 Ng a Wor e next

fallograstate i the ﬁrtsmprm.ar eanstiaina@ eneasies f1f iy arsemeddoderstats 1 (S:).
ThaSncOit: 96 laRd 20&iré BREBLE %Q%a%tFﬁSM’Oér% tﬂlscgnc%\ﬁg process

current data segnent and the state: I nfornat
eHBErER el ther Gk} sRastainis are satisfing, ykaut yﬁrpdwamgaﬁurther redundant

bRE BEiwedh MR cAREAERE cadk Whtigke encoding the previous
data segnent. For the very first data segnent, the
initial followng state of the first nornal

TQT_\E %bé@td%&dnﬁé?qwl%es]eﬁpérﬁy-éﬁédkm %Om%h%ta%h%té% t§\§'p¥uaty-check

encoders 16 are based on the sane
bits, PEthé FEBYRNTS Cﬁf’tl?é'é'ﬁs ﬂ&]l@awég K nsmnat ms(rameﬂ):ode words (step

1085 trhaicBlcBlaBé oSt ipafity&Hheckbitd BHE givah rdé%%c{&%néé‘foﬁl&ﬁé the

redundant bits between'the conponent code word

stappardmeisod fprienspding ingad block cpdes. @ depertiedm St le@nd D
OM3teb, Er?ér@tir%ﬁ@o&ﬁ& FQﬁ(ﬁéﬁ\é’ﬁtSlQ%ﬁE Avplicatshs, tﬁ@nﬁ&%&ﬂlﬁ@ 1983.

conpr|3|ng | ead |n8 normal constrai ned wor ds

The B}l @Pd@['ty-qﬂ?&kcbaﬁ €125 pasedo theepasitu-falated ﬁ@@q@ebﬁe sand used
tcﬁ deé eﬂtdﬁﬁﬂg fate-128 aeenesdiimb |ﬂ%"§ar¥t§‘-€el§t@§%€ﬁ§t%lrﬁ?ﬂ$&@ word

ncodi ng |inear block codes, as descri bed S.
1 EP ﬁngﬁcarqghge a Q@gegqrmequng/rcr@gkppmtra@gdqvgrgthe comblned code

Mdema{aﬁng% ARIal 6aHstramed CBa@%rcrserdaaédd thé‘%anty-related
1983. e obtai ned %ﬁrlt -check bits 28 are passed’t

CPRRS ‘i ople e 1§ taaethsi &t 51 1@ tesyle n the C@mptﬂ‘@d constrained
p@ﬂ@%leﬁlgcéd’ea/vdﬁ'djédahn Sz fomiadl THY Enddagr P@fHeh)b‘rdS&'ae@& 4t the

o trai ned code word 18a and to realise

i’ EPIMEU QT Berinpyf UsREEata sBfancai hire Wtqnﬁtéon of the obtained
wﬁlﬂbmn‘sﬁdln@@@@rlwr@ck COMERHRB drhidAnt BRamY] B’ﬁéoded data sequence in

ztral ned code words 14a and the parity-rel ated
'\@?g'ﬂ M&tned code word 18a together (step S 110),
results in the conbi ned constrained

In the design of the normal constrained code, this embodiment uses the FSM proposed
by Immink et al. (cf. above), since rates of the constrained codes obtained are very
close to the capacity. To achieve a high encoding efficiency, in each state of the FSM
one data word is mapped to one code word only. Other FSMs can also be used in
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parity-check code word 30a in NRZI format. The encoder
10 then proceeds with the next data segnent of the
WO nan4a9ser data sequence. The concat enati on 0PCT/6€2004/000357
obtained N-bit constrai nediparity-check code words
fornms the channel encoded data sequence in NRZ
cfoﬁfuﬂﬁt‘ion \M[h ér'ﬂ@odi:%%htgrbf ﬂfe 6r9§erﬁ HveRtiore Padeler HRGLIEARNE] code

hi s enbodi ment uses SM proposed by |nmmnk et al.
ret?ﬁ MR 8F 2siAhcRs that l&nq;the EOReEIEPHEMiBk @kal. (cf. above).
obtained are very close to the capacity. To achieve a
hi gh encoding efficiency, in each st ate of the FSM one
'R tedeRnefitas ReipseRlated conriranadeeans Bisstnedienigser Vel

dpPFoahSte da-agu%egé df r&aﬁauae%bu@ Wovust\hitre\ma@ds Hamsch@ék BiCbased
he obtai ned code’'ra

q%éﬁé Eg%eﬁé\@gft the @ﬁ"%@ Corsitaings e nkhergeys aﬁreix@ae%yb'ts of the

daRaBte dbﬁe@}ords( &drrespORYR)a preBefeRfingg phty-cBbck P&lynomial or parity-
ar| ty-re onst rained code, .this enbodi nent uses

e%m@t”xawﬁtcaéfc fineg tfae%tpgrﬁog@t%ntarr%avﬁdttsua&%rqs@a%nt

d&ﬁtbﬁh‘atlwhé bf a/a:sdcmes;yaam tie eMEkteps fo? 4 théo@é?sﬁﬁ_li_wh&ﬂhé Parity-related
e I ous

A et s BRBPRnee 5 s ol SERETasnas 1o Flol S

correspond to a predeterm ned parity-check pol ynom al

eck matri x ich is defin t o detect
(o it P8 b st et (6, o PetE Sorst 1B Remgarger than
Specik=io f@ﬁ&i@deﬁl’&e@’&?@?)ﬁnﬁﬁﬁsfgﬁrcahd‘]lﬁat@&;‘bﬂg woeds dfhlﬁie parity-

D 1 PRIt Srd e RESAEA) F elndaho FRJF popgeed 5 1Fumink o

r eljeaﬁe{cft blala\.te] (HDHS&IEJ&M{{( a bet. c]gcrlleaa gieScrgabarbelbw'l} tbaichidvd a
codes arger. tha =1 or _d=2, codes tep S20
o SaeRafy ApRfdrchinb B38s 0 oAt B E S Al Enaotec
consthaaédenl tmt&ne( B8 Rwitb204 hofrealGonstedimeag d(ijd’d? F&N\the same length
0

propased b oW n ,
Cet " of Chedpu 100 Rbafrar el Sy sk o ot el be
capadoriger Hmnrtbatcdﬁ theonarodecorstrainediede aodi id arderc¢odehieve a
wor ds__ar. ted ased on the sane FSMwi th the

nor nﬁ'f)e@g% @& or t he sane | engt h of user

data t he Iength of a parity rel ated constrai ned code
an that. of the

B0ns 2551 2a e 9o A7 ent o Whuindfe e e SR8 K Bty e taking
par i tiyte @eealant tmarisngtaloflthe deRyemaseinmisingtte gones constramed code

Faki M EEaBR RPN Reer B B o S5 S8 sblia®¥dce woras

corrprobmlmfgd frdre Stepr (thbnd distrthiuée theoh (steeeS208) g a gooygpudf eode word

the pagd w/totgag Tcég 0188£§V cr?ngé%)g g%}mgédt he candi date

code wWor ds di stribute them
(step S208) |nto a group of code word sets. A total of

g)p C%jo%c%'ﬁgtestﬁé o 8fe \%)rldas'e& %gether (step S210), and form a code table
(step S212) for encoding/decoding of the parity-related constrained code.
Compared with the code table of the normal constrained code, the code table
designed for the parity-related constrained code is enlarged by a factor of 2°. in
each state of the FSM, there is a set of 2° candidate code words potentially
mapped to one user data word. During encoding, as illustrated in Figure 1, the
parity-check bits of the sequence of the normal constrained code words are first
éalculated, and the parity-related code word having the same parity-check bits is
selected from the candidate code word set and assigned to the user data word.
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(3) Concatenate the 2P code word sets together (step
S21 0), and forma code table (step S212) for

wenwediqees decodi ng of the parity-rel ated constpei/®ezh04/000357
code. Conpared with the cod& table of the nornmal
constrai ned code, the code table designed for the
parity-rel ated constrained code is enlarged by a
factor of 2P. In each state of the FSM there is a set
(6F 2Fighienithedt eonstaiat oichel sanridasacode wordseplepS214) inrtke table

 qursy e P (o) REBE B dHbindR, by SURHSAL B code anie
nor néhmé%g@lﬁanm@wec\mrésmta@ﬂanfeenﬂ iwithitlongatupg IOéiOesd or by
and tlrlﬂﬁeMQLﬁﬁé rufRE Sﬂst?@gﬁn WrEkWavi ng the same

parity-che bits is selected fromthe candidate code
word set and assigned to the user data word. (4)

THe@hE St EM%o&nﬁe‘ﬁf‘ﬁ%K/ﬂbQ% s%f oft c!?i?ergﬂpgﬂ ﬁﬁéeeth%%%g WR E parity-

(step S214) in | e obtal ne rom ste
f?'é%ér%stﬁvée(bwd@ ﬁﬁ?sekcrltwa @ipe Flrpsindigations ardtie ch@m ef size of

thdEcued Bs dell gk 'tﬁkgn&ﬁg@r OMRFASs ih i c&&eatraBle%r fggeﬁ\’b%ny-check

| ong runs of "Os by 1 ncreasing the nu

copgifaly- Thevaie Spma”ﬁﬁ@%\%’sent embodi nent provi des a
set of criteria that guide the design of the
parityrel ated constrai ned code. These criteria give
lcl eaViheTteR9eSns on the choice of size of the code,
as well as the nunber of states in the code table for

i v gparlt check constraint. They are summari sed
e R oSi9n 01 9 Pt G G RodaadingR U 431G Bt and p party-

cﬁétfk! Bids; el rinftsér oPEEHdiRItd 6&1&\9&@3%4% B StafY sl aMﬂcrbchrfmsts a
heck bits, the nunb chanldate code

ar i t
cfg State] P Ee §awe tyne, Should Rﬁ.a&waeto% tipes thagpighp ngmber of
s&itéd Wihiv thet digteSRUBVitY e, FSNIetd€h BsicBlprdRRsYH by Mhirtk &RS. (cf.
hat of the nu n‘Rer of states wthin the state set.

a0PYH Vi GaeRAly the fllowigdtfd nosed by | mmink et al .
(cf. abov%cowa Sﬁ}lﬂ: p|lzt jo*ft he followi ng criteria: SI 2)

I IO e ST ORI T

| C11 |
mmarwcgaieaot@edﬁae mrdﬂ&arﬁdl@éte%b@é vortddhatnlarbhd edd With a '60c,,

h
i Re oS Bheprifate pods Horde 1t Gt Wi g Lend Al wlh 3T Cis

deadtds that st cﬂmmamd&@brdslﬂﬁdﬂstaﬂ With a'1" 4nd gﬁ?l w&ﬁ@ 'o' and Cy

ot es 0 ate
ciftle et of Pineloble, SRS Tie P sterhand gt & CbHere. | G
ddedtes ¢® dileofsfze of Cxy. For d=1 codes, the candidate
code words are divided into S states, V\,hi ch are

further
For d=1 codes, the candidate code words are divided into S states, which are further

classified into two sets of states. The first state set has S, states, and it includes
candidate code words that start with '0". The second state set includes S,=S - S;4
states, and it includes candidate code words that start with either '0' or '1'. With given m,
p, as well as the number of the encoder states S and S, the criteria (2) and (3) indicate
the smallest length n of the candidate code word that may be obtained for the parity-

related constraint code. The corresponding code rate is R,= m/n.

The length n of the candidate code word is further decided by the following criteria.
Thus, for each set of the candidate code words that have the same parity-check bits, the
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classified into two sets of states. The first state

set has S1 states, and it includes candi date code
wowsde4dobmt start with 10lL. The second state SPET/SG2004/000357

includes S2 = S - S1 stated¢ and it includes candi date

code words that start with either 10 or T . Wth

[Am
AU oMbarfisefE o oS 1d=lftort TR seL i ML E BT ar thatof the
YiRier @é?tateér\rgfm the state prt. Thanditesa aredberefone gwen bat may

be obt ai negh £ or+ Ehies PRI sio¢r el ated constraint code. The
correspondll o | rog?ge n. The |length n of )

ode
the candi i g(ﬁdcﬂecmbr*dsﬂzcﬁrtlﬁeﬂ)@e& "ded by the (5)
irdré Mo?ers' the %étaof cyﬁ'diéate cBHe %ﬁﬂ Wit th@fsahlg%an%y -check bits that

candi dat e code have t sane parit

tart and embwitfid e V&: d@%maq? ﬁ@tS@t eberndigateieodeauyr F’ﬁg’ltbthe same
p%trlﬁi-&le%ﬁ'blté;nﬁ%tgrtb\ﬁthaat ol é?f%séndzmrF gt Cq ddiRe MHBRE! ofandidate

states with he state set. Ccri'tefia are

GoHg ,»\@{rq;f\gmbyh@@,qrr@)pag(yl chggk |b|tsrtt'|at syt withsa '$1and ergonith a 10', and

(111 Beddted the se%ﬁan@@bté’%@i@%@@@wﬂﬁﬂ@@aﬁné Bﬁ'lti i&fblts that start
nd| dat e code Wﬁirdxan h the sanme . parity-c

al“ SndYithya 'Tafgre h qiqxpoépsi:@suzw Cdenotes the set of

candi dat e code vvords W|th the sarre parlty check bits

Ftht start wt a G 0 denotes

t

oh&aghpetof t'@aﬁ?@ﬂtﬂ’ateec%i@d@r%wa@, t'w ¥@Ne mr'%amck bits, each

déﬁﬁldét\é e WerdhaSanh E@dlgri%fdafbﬁovwhgi Bafe, whch%@mﬁé@th\é"rfe?t State
denot es the set candi dat e _code words

o Wh'FH go %ﬁ% areqe e dedns next ysradataward. Thgeagtricandidate

oot lvobd that eddeWih a[0' §.eX ¥andigE @b@SwbhB is k&8 (S ale &Y) can be
and| date code words with the sane

r {:h set @F t he
BRPNES DS Dietent BISHNG SIREAEETL IS AN SRERNCESiaLe sets, and
tlaé?sfow&dw 5@héddNofm§Iarﬁfo$ gifferdit GEer FBELWOIIE STHGIME&dndidate code

e fr | ect the code wo f or .t he next
@fhaa 59@% Agt Q'ﬁn gaadisiate carle W&Eﬂsé”éstﬁeéj A} Cerhgan @AY be
a\ed;nghecato up to(S; fellowara sthidalirethediie svae dst, hAd ﬂfé?&or@%nﬂié%sed to

%}e%:a be a33|%ed t%tlf,g to S different fol]ow n
RETH rRUget fRta por & @adicHighemagpigg of E%‘tdédat%\ﬁ%de word to
thiehedte fware as asfideel |N&Qﬁertc©d6rﬁ§ gtrﬁatfirg)f ?iﬁ%rﬁéﬁo&&@ Qhd Qﬁ‘icﬁ critical
e e Wor at en

at
“\Zﬂﬁ"e °peé%{\‘?8|3 eesyé% d%r N eRUYE relgole d&ﬁad'ﬂgld'fi%fe’étaﬁﬁates
canhot coataistbe gameé daAdidatetdd&wor@l | owi ng states in the
first state set, and therefore can be used to map to
Si different user data words. The particul ar mappi ng
iiof camith gt eodeede word to the data word as defined in
the encoder is a matter of design choice, and is not
critical to the operation of the system However, to
Simitarlye witle tHeadr 2ecate g, 1@ crilerdd for aadigmib@trRspirRMted constrained

o gntal n the sane candi date code word. 1i. Wth d=2
28% sS|mIarIy, with the d=2 constraint, the criteria
for &d<ognlin+88| Oakd 161 €hai| edB.2BMst rai ned (6)
S| Coooo| + (S1+S2)| Cooto| + S1| Caoot]
+ S| Co1o0| + (S1+S,)] Coso] + S4 | Cotot | 2 (S4+5,)2™", (7)

S| Cooo| + (S1+S2) | Cooto] + S1| Cooot]
+ S| Cotoo| + (S1+82)| Cot10| + St Cotos
+ Sl C1ooo| + (S1+Sz)| C101o| + S4 | Ci1o01 I 2 82™°, (8)
where the two leading symbols of the subscript of the candidate code word set C denote
the leading two bits of the candidate code words, while the two trailing symbols of the
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code are: S| Coooo I + (Si+S 2) | CO0010 1+ S1 | CO001
1S+, (6) SI COOO0 1+ (S1+S2) | ©C0010 1+ Si | Coooi

WO 200684692C0100 1+ (Si+S 2) | C0110 1+ S1 1CO10PCT/SG2004/000357

(S1+S2)2m+P, (7) S | Coooo1f + (Sl Sa) | CO010 | + S-i
Coqoi | + S |1 ©0100 1+ (S1+S2) | C0110 1+ S1 | COIO1

|
+. + L 1+ | C10 1>

st o Ol Rl o s of wERA L e el e o
denbtes thepsizedf €hg. candi date code word set C denote the
| eading two bits of the candi date code words, while
the two trailing synbols of thesubscript denote the
For 82 icadest, W drindislatsf cadeevards dieddivided intte S \statels whidbrare further

2z IZ : d= odes, . t he:
cRRUA I RS S5 BPGall? T dlns SUE ot AP &7 RUBRER s
candidatgraone wordsatbet stag dnlyrwith '00ir Bee saepsd efatss sattimdudesi states,

S S8yl T T S gy, v
séae spldngudaseSsed -iSnchusteles Sindst iacledes eardiidate Cortsl worels that start
RSP0 i WBEGSe 5, 1 A aPOE gL
andghelbe catediai(), (N@nddesindiaatgittiasmaltast iengtivnief thesaandidate code
et ey et 186 fof e, Rt Ul K68 T ey Sppnaing
cefle fate issR(BM/n.(7) and (8) indicate the smallest length

n of the candi date code word that may be obtained for

the parity-rel ated constraint code. The corresponding
Thedengtiap o' fhe qapdidatey gpdeTrrsd ischgher decisiedibiydhe taflawisgtceiteria that
geREan¥BESgh 8f dabhtdaebs SRpiARIINS s frih hgé'%h%%aﬁ{é Behy-Eneck

t hat gui de the design of each set of candi date code

bitsr ds t hat has the sane parity-check bits: S 1 0000 1+

(S S@|do&}9|0»1§$1132%§%50|§39%0%£ &rﬁif m(9) | Coooo | + (S (g

S) | dico | + (Si+S2) |
01)10311%?)%&?*(5(?10%)11@@14531 IF‘rpom(llO) S | Coogoll +

S1+S2) | Q0 ' | Cpd Si +S2
|G- k0 10 gfgl%ﬁﬁgﬁi"?'*ﬁﬂ@?%*o%”ﬁw% 85502010 v (10
Sil fdé\’ﬂoog]ﬁ" S2tip2) 1).1_0)|+ 4333901 denotes the set of

candi dat e codeg +\Wsy rify-check, and |
Cxyzw | denot esy\?ﬁge”s}qsé 5%”%(@?&@&%’101} o
+Sr 1000 + (S1+S2)| Cio10] + S1] C1o01] 2 S27, (11)

where € denotes the set of candidate code words with the same parity-check, and

| Cayzw | denotes the size of Cypn.

For each set of the candidate code words with the same parity-check bits, the same
candidate code word that ends with a '00' (i.e. candidate code words in sets Coo00, C1000
and Cy100) can be assigned to up to S different following states, and therefore can be
used to map to S different user data words. The same candidate code word that ends
with a '10' (i.e. candidate code words in sets Cqo1o, C1o10, and Co110) can only be
assigned to up to S, following states in the first state set and S; states in the third state
set, and therefore can be used to map to S;+S; different user data words. The same
candidate code word that ends with a '01' (i.e. candidate code words in sets Cooo1, C1001
and Cy101) can be only assigned to up to S, different following states in the first state set,
and therefore can be used to map to S different user data words. The particular
mapping of candidate code word to the data word as défined in the encoder is a matter
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For each set of the candidate code words with the sane
parity-check bits, the sane candi date code word that
wenms/ovaorh a 100 (i.e. candi date code words i PCBSEE04/000357
0000, 01000 and 0©0100) cam8be assigned to up to S
different follow ng states, and therefore can be used

df @egﬁﬁ chélce a‘iln'dfg ﬁ&gﬂpﬁé‘a?&@ﬁﬁg\%ﬁt rogﬁ')el : Fe(rlf. j@eﬁwever, to ensure

candi date code wor

ré%ﬁ%ﬁ draodingodiffeipnt stetesrragestsoainibe samegrndidatedcode Wapy.
can only be assigned to up to S1 following states in
the first state set and S3 states in the third state

Aepre spagificiexpaplisrraigbbbe belpiybledinderstans! the w&aolessocess to design the
ﬂ%‘rlfyf-r%Ta%H cd&ﬁélngék%MsgémeIﬁ@d%(E PO 1 cj)‘b‘%%th n=2and a

hat ends with a
%'WQ'%EIE 8vanoRAsity-cleaabidiie. ) Girecumbessef awoder fatas sraymrstmed to

HeQs M) &i€3, %d@éﬁﬁ qfu%f‘tusE Md Qe 2?%@& ?:?) th Gefeﬁﬁmteéﬁé&mallest

state set therefore can be used

Res#iplerienath 0 SE fhecrandidats: epsle wase. Wsing e andvth%pmrngcroﬁsee Kees
N@%ﬁb@?&n@eﬂﬂﬂﬁnw\@ﬁ@ﬂ@alt ftsh Ha ik ir y’«‘b% é?eﬁLLr@&je'sn pré&edings

is a matterof desi gn choi ce, i S not

nghet?5:a?y"tpeswmsow&rﬁnat'@mthépwné’\es%rteé&m Kiasade rThetNetherlands.
JBRE 2064, 'l 30248 eor%ﬂﬂitéfﬁbnuﬁ“eﬁti%ﬁ@ﬂke §lt>t§tneasleﬁ§t'ﬁr]@£ 5 of the

contai n the sane candi date cod nmor e” speci f

CARAARESOAE Yiard-dexh gepeiate albihgrald ot hﬁ%\dq Werds/ed|asgth n = 5 and

dHLGRRS thehDinteiodetd SrsaPaidbieycode |v@:tr@éj THRNPdta1 &%ne@% code
nof a short d=1 code with nF2 and

he d
T 81 £ e resRGoR b of aggie ope wRtREGEn 00

pafitye Aeoskeh ssit aﬁtﬁé cand@dAe THaBWofdR, Bistribale th@l:a&hdé’t@@ode words
ria (2) and (3) to determne

aﬁﬁggg‘ﬁé? rFthtgf'a E@@PBEE%R fained qode {aple WP EiguRrid.

word. Using an anal ytical approach (see Kees A
the Size of a T

| nm K. Caj, " . . pe ,
R BT eBh e oo R fen 58 crpapBRIR el AR bRode wit
singfesbit@ienquarityhetack. The firsecdR@n® sike dKEIr3N ﬁ&ﬁ{lon'rbﬁhe user data
or _conputer

Net her | . Jyne 2004,. -4
WGP P Giary (RS s5res 0 28506 1 o8 bsied B et 2 and 3,
r@smdtnib@f eEI@m@atsViﬂ titb seieKd to gensatiatslumink cbl"igsﬁbi\ldltéi chtfidate
th H’” i bute themin
cBif bRy Nem o il 5 8RB oS AT {H AR In particulr.
trmaamhoda,tfeum dxthy@ighth, gl tarith @sRifhridadré thes cd%sb&dlﬁlj?candldate
cond, set of dgﬂ?ndl dat e, cod

7 VBT s He R SRR virts e s ddp oo resap G BRbahg i, it
stventicarireth Cearides|evaheh ttv&(ijmrﬂﬁs alca:tae tﬂcblltb%nrtgostétfel mf_arm@udniéssaaﬂted with
Theobtane code t is.shown in Figure 4.
ot oS RS F fhe S5t MR o, Se b pdh poyifins,
respectively. elhafheeelarﬁe neinhai, malﬁiclh@até eoé WErdsl VgH @dcbpérltyi‘uﬂ@thelr
arit e.first. colu notati o
a2 G5 sl oot ot o pihe e aB b gilmns.
For gachlet ahcbrild]daeé eod!e woreld with the sarhe par@nﬂhel%ame cahndldate code
nts 0 el eve .
iof? R et uila s RETES Ssiblind e 6 e el et et@uigis, whie
trpmsamey cami[bettda eo@swom thateshdk avithanwi ngarsiead ity asdigriathtoluprito S=3
f#?are?n"i1 user e{térjl \r/\/ords Moreover, different encoder states cannot have candidate
code words in common. For this reason, in Figure 4, no candidate code word has been
assigned a following state of S=5. '



10

15

20

25

30

35

the second, fourth, sixth, eighth, and tenth col ums
are the correspondi ng candi date code words napped to

w0 bersmes data words in states 1 to 5, respectP@Bb@2004/000357

The third, fifth, seventh, 1 nth, and el eventh col ums
are the following state informati on associated wth

S gﬁrﬁ‘%%tﬁ@?em BRL 8% bltaliSig P&Wﬁ‘? qurst 1 GhabLie 3

I S, spect
degimas). all ﬁ'mmsgl@teecacsgal gﬂrgt:mgm anipe Hurmr]@adung;armmed indigure 5.
ﬁ%gf?t&:kgt:f%?lﬁﬁﬁg |IR}\;\QEEQ ytﬁ% ?éisnﬂl@%?ﬁtgﬁhéagrg?ﬂlg hﬁ\“—&u‘r@ ) of the
regndl epastainedeodashseguenash antthedalfawinmstateyinformatiaadassociated
RNk ggé\ﬁou%%@e WBF@(JOBQ fofd;ﬁ% Bigufe B, r deg{)e&ﬁlglybglemmtﬁ in the

assi ghed rent “user

thirrbarchiparte &ﬁ@mamrr@md\m the qlfeinedpursenhicode wordJ(to@mword 18a
ub?lg%ﬂ% Y) &rth8 ASewirg s‘t'é’cetlr?forﬁﬁ‘a’%loq g&fa‘éé&!‘éteamh tﬁéa&ﬂ'hent code
words. ‘Moreover, different encoder states cannot

WARdi dat e code mords in comon. For this reason, in

Figure 4, no candi date code word has been assigned a
fO||0MAng state of S=5. Assuming that the present user
Thgtcembined qostrainedpaily-ehagk qogle'is qonstrugied daged on twe cogle tables,

i @efh'er@éljé tatfé bf the %oﬁﬁﬁ%bpétﬁalrﬁéﬁ&%etatﬁ@tth%wg ta?l%'o? the parlty-

during encoding are listed. in r . irs
relaleqirvastrained eqde: é\StSH@erﬁs@gweé gmnqrmabmkraméé @P@le words are

ficst@ohdtrdcke@UdrRy cl%n@f:te& f'@aé@@ loRBhe E%éfeﬁﬁln@@ %aﬁ@ldéﬁ@ck polynomial or
sequence, and t lowi ng state information

Pég%%ﬁea'f Bt f*}? ﬁeéh’%y Ha%clﬂbéagf hedeavrice of éfaﬁj@ormf eprgtrained

collg Wokdislare co@phre! A& that, ﬁeﬁiﬁﬂf%@ldtéﬂ tdatrhivel @odddord that has
fourth colums correspond t He obtai ned current code

R me BB SHER1Rda SPRCter é’@f‘bthﬁ)caa%at? [Fed¢ $ordgthp concatenate

d&é@ttyemtmfhern&&hél%n&?alﬁécﬁ&%eahcﬁas VA EdnbiRéd %k!é REd 288fing both
i ned constrai ned parity-check code is

t%wef’v'a@ %%Oﬂﬁggletf I thepatlyrbeskensiaing isdhug epnsiiyeted.

table of the normal constrai ned code and the code
_IIhabI e oF t he Earlt rel ated constrai ned code. As shown

f reteg of theflestongd fBRsteaned gy ek godesre\wsg o HiegShannon
cﬁpédﬂy SIeESthe Bwd %e@@ﬂ c&ﬁﬁ&%l §é’des%ﬁ1§ QdsigRed B%ed on an efficient
det.er m ned check nom al or parity-check
F%Q’Fﬁ“ﬁ %835' r??Ufﬁ?@&R'tso?rﬁée ired i@ bg inpgaRe e eni two
cﬁﬁbﬁﬁént@ﬁﬂé%ﬂisﬁ@@ugﬁﬁﬂhw %c@rﬁﬁraﬁ%%ﬁﬂdrme%ttﬁé parlty -related
constrai ned code word, t

Cﬂagf%'ﬁ %ngar%ﬁ% %gé 3%? dow Rarhschegks wheper F?%S'FM ?*F?ék

p@@ndmwabepmﬁehmrdamﬁsscdr@sm @ath ERATethdi segGéncg ofinbinal
%et@"% cong | ned co wor ds. conbi ne

SESHEPSTBRATER'T 67 RO AQTPHP F%“aiﬁ&’e" over the

ehthe dqaa broyk Ctheedforep B8 ropdgation dhe $o terpstifyelst cofiained
t he desi gned constrai ned parity-check codes

rates
°8$%W8r0g'§@vf"89 he Shannon capacity, since the two types
of conponent codes are designed based on an efficient

Figure 6 illustrates an embodiment of a decoder apparatus in the form of the
constrained parity-check decoder 40 for a system for example employing the
constrained parity-check encoder 10 described above. The decoder 40 performs the
reverse process of the encoder 10 and recovers the M-bit segment of user data words
12 from the N-bit constrained parity-check code word 30a, operating, for example,
according to the process illustrated in the flowchart of Figure 7. As illustrated, the N-bit
constrained parity-check code word 30a is separated into K+1 code words 14a, 18a
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FSM and no additional redundant bits are required to

be inserted between the two conponent code words to
weuebaiani he (d, k) constraints. Furthernore, REEBSG2004/000357

parity-rel ated constrai ned2¢ode word is al so protected

by parity-checks, whose parity-check polynom al or

Q@f) iSkY2 Wﬁ% PR HEESHdSe Peréfél?t P QWo&rg?lysaﬂEﬁﬁ%J 8de words 14a

guence of normal constrail ned

easied Dy 4¢ narmebeensyaineg @eé@iqr%éz édler §304) iptoe flata gvpeds 14.
Tth@qﬁq Ak Péﬁty%ﬁﬁrﬁﬁ&?&deﬂ?&ﬁ 9/8q ﬁ@de&)ﬁ%@ Qst@ﬁ @@9@)35}:‘ PParity-related

due to arltyrelated constral ned
caperanay dqraogarr@ i5tq the el it dala waid éﬁbc’ﬂi? m@ﬁﬂal@pnétramed decoders

4995RERE a@@@?&r@%b‘%y'lrﬂn‘ﬁrh@etfa@ rEn Qbovel) %lﬁ%@rn%hﬂ?lctonstramed

parity-check decoder 40 for 'a systémfor exa

Céﬁ?ﬁ @m thg PeAty-Telatrd saiisHainep apdesyarehased em HmmelBSM the
opestibh Qﬁfﬂle%ﬂ%ela_{&?cd}%%gﬁ% d8Ebdep 4l o fﬁ% érh@odlﬁl\éﬁtr i8 §enerally

process of encoder 10 and recovers

“%%ﬁ?f@?wtb%wtﬁg@ra%ﬂﬁ'ét%@@ £ode %a@iﬁsme@g\wts@rﬁnt 'As shown, the

.rc;mmss@frtaé ns%msmémm@a&ré&e&@az%e%@ ant QQSfe@tdoﬂgtrauﬁéH
according to the process il rate in

IEPoRRE Héralf © Bpthaf &!ﬁ‘é‘”‘ﬁ”t padq W?rGﬁ”IdéF%ﬂeXttcﬁge MR- tThe ecoders 42,

4ﬂqﬂ?éttir‘s@le6tecﬂe Paxti dodle WiRg, l%m@l it9\Btath ﬁfzﬁmbﬁorﬁt‘ﬁﬂﬂfgﬁttﬁéjstored code
t%tg%gr K+1 code words l14a (step . S302), which

dstraliep srabiing "‘"Pd@for{“ﬁ'dﬂfwﬁfh e kBpNisdaB A echurrent code
Vs, d5e déevdarLaz]aaasadinkitels crévérrme ®RNSEf dath %r@l BERHRRAS with
42 L; ?56%041) [ nt K data words 14. The K+1
Upyrent 4 basad 0B He SresPRRdng §°%@8l§edné"§t gse of the parity-
r@ﬁt@ﬁ)}go?ﬂ{aﬁndgﬁdécfweﬁﬂ aﬁ@mpgaawdw;ﬁg Qt%da ﬁiﬁ{ﬁﬁﬁdﬁ‘én $4obtdiied by
e + a e no raln
ey otaoRhRrdle. sdtmath Hahe ByxiTRAl AROGHoR). andghecking
tredomarenal ccﬁlsﬂﬁiﬁgﬂ I&ed@mblr@éssgemdgrmmme ceasl wgarcand% LMS to decode
con r coO 0 e Sane
Pkt fer<Galiet et o FRTMPRE e HeBPS AP raat one more

ndesal @enstMnednddblveore Bbth@i mExnN-bitscode Mrd| HurtheRord aiiMike the

g PRt ISR AR T RGLESSSPY 0B GrapaF 14Dl of the norma

constsireal dﬂﬂg tgeméwmn éﬂth@rpégt)hnéla@?d c%mtmmbawdoder 34 is based on

con e ecoder .44 are both of the current c )

i P R REr QS e s B el o MsteBad o0 Bbley SYdh s psed to

defesrpfmtthé fwovvﬁwgtstalﬁ dethaatestt ccﬂ']déd/v@fgt wh'(eﬁthétoﬁéﬁ code ]gab|e is the
informatjon thr t code ta ea

PR P AR el aned Phsre B ies Rl i et cRt s sl car qdagword using

thouosteined stanckialmi‘tzmmdtlor:]I bfethdaéﬁdfwa whad. I|44r(1]||§ mytﬁh Nuﬁkmnstralned

det erm ne t he r oci a W t

PR Sode oG e cted iR B DR SEpEAAE shmEnt. off decoder 40

theitxbreceelds viithethe ast Nobit chee pard inyheserta thpobasth whiole @ referred to

er t he, i ut fo f or mat,i on

8T e gr et fOR seon st gy if e SpBRatioRaf I wo types

obfledduersdxand\id sitnplifietethediacwaraimpleineatatiog t he nor mal

constrai ned code table associated with the code word

K+2. Thus, to decode
3. Code Design Method According to a Second Embodiment

In the above description of the code design, the coded bits are all defined in NRZI
format. The present invention further proposes an approach to design the code in NRZ
format. It may be preferable to encode the data in NRZ format due to the following
reasons.
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an N-bit constrained parity-check code word, the
decoder 40 needs to inspect one nore nornal

weonshi@eined code word of the next N-bit code ROI/SG2004/000357
Furthernore, unlike the nortal constrained decoders 42
operating based only on one code table of the nornal
constrai ned code, the operation of the parity-rel ated
constrai ned decoder 44 is based on two code tabl es.
@ thecmeehand piyemiking lige nbhhamlarltyenmebk edsnkslofdbel deteateldesequence of

é@!ﬂbt?é]néosp \Agglaec% Vﬁ%ﬁ%%\yo '8 {*/El?ag {ﬁl %rpegls%te rifgfrﬁftlotnherrors

next code er co
CLQSWF ing inr e Uit sequsnces qfdde cbateet ddtbetor gdri lphcorsecteskedhe

?%‘%g of hbgr38§¥é&ﬁh999%fp98§%€atg§fr |F\ n% %Bhﬁelnc%gecgéoa éa“?a

ormati on 'nt
aquemcemmaagelm lergth Df/ermwmn@oalms wdll chuiss ademxmelm in the

r 40 then
R oM ook RS L8 B AR o o REPARE  "cer o
I nput data, which is referred to as the channe

SRt died h‘gﬁ? acirg%gedqu? Eror @?l%fcﬁ%[{% [ é%ﬁé&% 1, $he constrained

operatlon 0] pes o
Parityptheck eadestad tmﬁawwatr@ thmﬁia@nelrﬁeé@qt@ns sippleCautd nDersi gn

s%bhﬁ&ﬂ%?&maﬁldg I%t%é@&t@%f'ﬁﬁ@fﬁ%r@@@ fec 8%; he above

description of eco sign, the c its are all
defined in NRzZI format. The present i nvention further

T PLFES c@ﬁ‘stl%‘?riyd%‘ﬁ -teclesth lﬂ(‘Z &, ke t%t% W{he normal
et or e

It may be preferable to enco ta'in _ .
cgoeraited wefcamr@walﬁgh? 890 8S et of the r@n@almnatranbgd code in NRZ!I

foRpet NBloWs ferOfheldaBe RId fof S5y -FeRsty E alrkh%gg§§§§és%ed in a

sequence gof constrai ned parlty-chec e Wor
%r?”td‘@yt hiee dofaiasprosedises apdistallawsn, er rors occurring
in the output sequences of the channel detector can be
corrected. The process of inverse precodi ng nmay

Firshgagan @eé%alnekdétq Wd@rv@remfrﬁhe|paafétre@te@dcoaa&r@ngféq%waé\lRZI
f&ﬁ%t ﬁﬂlb@anQhé fb@edo@r@@&ai@‘d dﬂs&%tlo‘ﬁVGé‘écfndl Bd)rﬁpé%ltﬁe Panty -check

an I ncrease in the nunber of parlt - check

bYth&} thsrcenﬁileateuqoea wogs ig drebiRErigmain. atger tan trhltJ,Rét dramain, based

oh%ﬁt%ss@rﬂéﬁ YAt N bi€ ‘Th%l{ Cd?:EtFl@tSlE 'tr‘R-:nN RY| tEé?ﬂda'Pé %ﬁérﬁ' into
8% he constrained parity-check codes at the out put

rerH SesrRRARIEINOdE sl RATIY- §h%‘-‘1kri9¢5§ i (g NRAgoreain. Further,

c&héa’:lér&lﬁé {ariowe sdts d1aBd8 Yohds tohethbr tbhempﬂhteméhe bid R
i nv ? g@ﬁ@ecoder To construct constral ned

e 9 < ererarityrrelpied copsitainediqode in NRZ fatnat. ko the two

dtffeeemmfﬁmmzomet(ral-nﬁd 0 d8e s@&rreer@hmboﬁrhsnti@.%t@same code
“)ﬂiﬂ thﬁ%enor mal constrai ned code in NRZI format

t %LWWP e ngkiscading complexiba Howevere fnuthe gode table, the

OB B b@derw&d%ecéamtrsm@%%hmny Ehe%k%hté h%ry%*ed\e@}ée aEEf&%ted
deta gchcgfg%_dures are_as . First, design the

acebing e '8 eidpial hirZ Plﬁ% B%F‘r ?W"J% brbedde H@rf&ftsm qfdlae parity-

rélade coRstPdiE@d codes in NRZ format are the same as those guiding the design of

the NRZI format codes, the only difference being that the parity-check bits of the

candidate code words are computed in the NRZ domain, rather than in the NRZI

domain.

Figure 8 illustrates a schematic block diagram of an encoder 50 for encoding the
constrained parity-check code in the NRZ format. As illustrated, an M-bit segment of
user data 12 is partitioned into K+1 data words. Among these data words, the K leading
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format follow ng the foregoing detailed description.

Secondly, conpute the parity-check bits of the
weandidare code words in the NRZ domain, rathepCt/bazos/mo3s7

NRZI domai n, based on an aggunmed initial NRZ bit.

Thirdly, distribute the NRZI candi date code words into

T S LR e TN

eeodenQuitRss, M@Qfméqcortstramed nodéwwomksdl@ataae bbtafred. The K+1'th data
\A‘fd?& QQ |§19|4'\?%§€ng n%a?ityﬂfem?cﬁ@&ts{r&ngg feﬁécr?ogerr] tggin\ﬁﬁ |{:ﬁbpt%ﬂ'§f parity-
rgl,‘ategi qonstgainedrgode word' 53, (whish ipdiferent fsom dindpatityreelated sesstrained
ble w%?d‘? 8304IB E@hﬁpll )eprBG’Uc%'d lthé gnéc{aggﬁﬂﬁg(ﬁhe%{gg%&%de' ‘BgDunng

conpl e
epeerdn %@W@rdmmtﬁ thﬁ@vgmmpqmm cqdeokerdk 164,54, frllgwing state

MTSI‘?r%tfoﬂ ﬁefd?ﬂis%ﬁ’{c@%b g cbge Ea{!ﬁe gtgfequﬁ %rﬁ Hﬁriwﬂgmented

The Cl‘ltel‘l a that
ﬂyawgfﬂ 9pem§tr@aar@blﬁglcmpwb¢s mﬁééé from edRn emgwmﬂ 6ab2tathe next

eﬁ@é’@erQ% 5005 QHﬂgth?Qnéttb% ﬁggéln%ég‘tetgghet *@%E{Bgéafrérﬁ Nﬁ?c{q to select a

codes, the only erence
cpfle wogst for Racediuthaaest daselworbrid sherpasecs tipupastly-raiated eonstramed

eNE¥d < BB oLkt B?t‘hetf&%’\}m\ %‘?nf@%tlo‘ﬂ 5 Rrst EfogéH i a8q5u(§f

illustrates a schematic di a ran1 an encoder

megpory ﬁ@oﬁh%wfeﬁ’é@éw@mtm@paﬁt th%ptéhé@&ﬂ@duéfer merriogy is then
phl%o‘C t0tRSirst MSrmial bakstrafed qznc@d’br MGQif Ehesé‘ﬁbgﬁé‘rt Sd)\tvhﬂ'ésé?{codmg

ata 12 i s artltloned into K+1 data wor
d?ﬁe‘@%rd&a?féh%%@atq $RIMent. JAWs nia dird n@m@@omstraam@ encoder 16

hb8 ek ts mﬂ)@H e QBEORSE 10X the E:l!fF?ént @igfésstergﬁflerr‘@ 4n8 rﬂt‘?é’%@fesigformatlon

he encoder out puts, nor mal _constrai ne

élémﬁ? Frofm, ther Uity of Py relamé cmatrq'mﬁdj%nf:@dmawm engoding the

pRIViRERIAtDYedindhdl Fbythe SbAL &t d“a‘t’é@édrﬁérﬂetﬂemﬂﬁﬂbwﬁ% de,tate of the
whi ch ut uts aegwplt yrel ated constral ned code wor

fishAP @Al g liaimech derths @Remeg forRe statedt ). The encoders 16, 52

aﬁé)tﬁtﬁdeﬂatinrtﬁé‘ s§rﬂ@$swféﬁud(tﬂigénbédlﬁd BlékEsslansBFdHSEHe 'EB’ k)
the encoder of the first enbodinent). During encod |ng

CepRirais araatigled, Mitboytiiradising 6V|$J1ﬂﬁé?ﬁUf\§1@ﬂfeb'\§d}e§%eeD4Be two

cOripohent cowd werdst ate i nformation 22, for instance
obtained froma code table stored in a ROM or

i npl emented through a conbinatorial logic circuit, is

Mo#s paticlibNtenaGser fAEPEHEds 4G, as§8C|ét€dW1ﬁ tﬁ‘@?étadﬁg GORSMal
16, 52., This state information 22 indi cates the next

cQisalrieR oieRATe NSk eosdee PNRZ I ameatybharessling fersliaingd code
woks T@@redﬁ’érﬁcdméded info NRe fedsee titbudg fi@ brdcdérsgatdestoduce
o3 B EAYHE uoid FoC HBco B bt hnce
comprsiyg e leddity Ktpbé@ﬂeahafrﬁalloaﬁﬁféméd SBHeddstddbrd &%puted
PSRN el P B o ek S e bt o tre
phdtbted esrataineg cdaé aovdy mbltrca‘ﬂr&me&ﬁj@tr 50D KBS He: last NRZ
|T %H of theq'gth 6rrecs:’<§de onrorrrrﬁlal c%%Qt?é.F\S‘é Qoedde V%Q%o%gsedlgn these NRZ parity-
check bits 60 as well as the last NRZ bit 62 of the K'th precoded code word, the parity-
related constrained encoder 52 assigns its candidate code word in NRZI format that has
the same NRZ parity-check bits to the K+1'th data word 18. The obtained parity-related
constrained code word 54 needs to be converted into NRZ format through a second
precoder 64, before concatenating with the normal constrained code words 14b in NRZ
format. In this way an N-bit constrained parity-check code word 30b in NRZ format are
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has as its inputs the data word 1 of the current data
segnent, and the state information obtained fromthe
wouiopnicoed parity-rel ated constrai ned encoder BCI/$6200€000357
encodi ng the previous data23egnent. For the very first
data segnent, the initial followng state of the first

U RIS il AR L oo
spithes laghiBdibit §6of ot peecodediKe $'tht dratle wdre. [THis 1&st NRZ bit 66 is
fﬁé’t&"? gm@ @Jr%érﬁtgv\ng%fs' fﬁje stmetdhgéitN%fnéﬁ?ecogtg\g \%kbd’i hﬁhe buffer
memeryfidris ﬁhﬁml reskgd tathe fitsd ereCdéeraﬁ&mfrthis efebdas §@cindtiedsed to
%ﬁ%@%é@%éﬁ%%ggrﬁeﬂo r{@t}%ﬁﬁ ) éé Lt ﬂres?i prgeg,gg% r%r Iﬁae Oés it Japuts the
nesMakconstsainged codeeworde rlda ramé@ha Iastd\lmutﬁea ohthetneandghi Kat 1'th

Jdd&%r@fr@ﬁmqqggreéﬁustdgtaog EeF%kﬂ%Q%Wgr%?Q?ty éﬁgﬁlt the initial

wor ds ar |
N4 bk Frs éhe Ersppriesodey 5Bh%a$%lamdrtg bl 't ddangdtie nameadihes, the

B8Rt e d‘é%d&g\q%rnfgswmﬁ{ ﬁhhcéqnﬁﬂttﬁgr 44tk gg%nﬁe are encoded by

gg y-check unit is the sane
t @@1‘?%"9150 PRe A¥ane, |Q§‘|ﬁ’ the Cvmtqﬁ\%@@ééf@e@bmmmaooﬁdmed

AR b BB, 6 S EAS0R1 oRRT AL BB A
code word. Based on these NRZ parltycheck bits 60 as

DWin Reodifg tﬁ@&éteéﬁé I\FQZ d&3 s@éuér’%@ idSidste v@ﬁgcgfﬁ‘ijo ﬁﬁéﬁformat ‘

WOr t he parltyre ated constral ned encoder
thioygh: aR HVaEsEPreensier \anedng Fesnitizg NRAH saauanieats thes dteh@ded based

hARE cHOIRZtaBRE ok YreBmKI éHn%ﬁ'alBQd EbGe Kidtn grbglg%l Ia‘ﬁQf &é‘%ﬁalned

The obtajined parity-rel ated constraine
RdgonaIhB saE 8 ADEs Fein thaferessios Aetaied d‘fW'BUghafai aeehon in
Hiﬁtﬁ@&d%hd% bef ore concatenating with the nornal
constrai ned code words 14b in NRZ format. In this way
an N-bit constrained parity-check code word 30b in NRZ

Ifh ferdtova bRpBkIMes thel i 98GAS EndRECHR
outea’ut; t he recodede L+J<+{ h coge m%iiﬁlde@éd&%né)fég%ent ata

tiffe rt5§flccrqhtzs PFUITEY I the mn%p&%ewemﬁp #nd dgaedingindhe

ofiginal drast orWré%FseQﬁdérS 1h brfé*héteﬂ{b%élrﬂ\é'ht anb 'ém:&{mg may be in
he stored |ast 6a at the output

f%\fe%%rdsm%ﬁheﬁéﬁwyg Ben; '%”‘teﬂéhefﬁaé)ﬁ@d of thetqearest graer.
precoder 58 of the encoder 50, and is used to encode
ment. In other words, the first

t next, data se
%W&%@Pa@@f e daia seg@enisytieabone embrrimentomss iolipwiag state

infoteation pesdutéd bk hbecd herﬁ‘i%d@'etnc@&ﬂ vmlletehgodmg the previous
dg ecoded é—gl th code wor t he previ ous dat
frent F"?%”%%\Pi'f$tuqa&WWQt°ét%ww daigisgamant. The inita

ingsZfdlbling @taté orriatioh fd?@l@@cﬂﬁ%tf@sﬂrbtsda@é HAFEESE the i€ data segment
&? he sgge l'ines e subsequent user data
'Ss%iﬂfﬁﬁﬁéo % 1{Re" i nput user data sequence are

encoded by the encoder 50 one by one, and the

ncat enati gn of the obtained N-bit constrained
A? oung o? two data segments, the above embodiments use the first component

code word of the next constrained parity-check code word for decoding the last
component code word of the current constrained parity-check code word.

Further, in the above embodiments, the following state information at the beginning and
end of each segment is obtained from the adjacent segment, in both encoding and
decoding. In further embodiments, the initial following state information may be derived
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' Figiee

parity-check code words fornms the channel encoded data
sequence in NRZ format. During decoding, the detected
wOBRWedatas sequence i s first converted i nt o NRZPCT/SGI84/000357
t hrough an inverse precoder4 and the resulting NRZI
sequence is then decoded based on the code tables of

n nd t rity-rel a .
BBt 33EeA e R FiE Bfmeh ol Wiyt Ho same it
segmegbuseyl td@rcamdeefonwmﬂg siape intoimatich asa sdvond segmeEentgnl easoding
t r

s@g@@%e&e%arl{ bé E?ovgﬁgi otrpgtﬂggcgl'ﬁem s%%ltetnﬂ?rnltjaﬁ%n fr%?ri}%e same second
segowot inglesediog.ri ng in the original order of the data,

and decoding in the original order or the reverse

order. In a further enbodi ment, the encoding may be in
4. eipxampdespefdéaw @ndes he decoding then in the reverse

order or the correct order. At the boundary of two

data segnents, the above enbodi nents use follow ng

\sting ©eiabbes pepPegr padsdiesin rsthedse ahd sthecowitiin ¢ scpdef the

l g

BRI GRSl oS APl es SRRl LOforcpica
reeqjeipgsystgme canibeidgsighegun thedbllawingexemptes df sevaraksuicomew
doBEs SRGMA A hﬁt%s@%&gﬂﬁk@ 2l ?df irretb%sflgh[aﬂ] n H8NRZ format
segnent IS assume e state
ssEria maygrdeegothe arebsegimatityschacls tameéfmmnonéﬁnestton and
SRS BRof doh Bt GPIMRARPlocEdgy Wor d of the next

coﬁ“s%ra?ner pérlty chgclg code word for decoding the

| ast conponent code word of the current constrai ned

P& éxtal'ffp@" %@*ﬁg (t‘l%jgbd’%ré#nbda%érﬁ@ra névV #f L) c%h@t\‘ﬁned SIH%le -bit even

enbodi nent s, oW n orrati on

Pk GodeRrUpRIeTaTBs e ciElS (1 Sbeads Wit brasate e S = 5,
e N E7:t2) %M’%Btdeséﬁbeggyhmﬁﬂ:q@&' = Q(cfiago%? ‘Pé’lgéé?ﬂas th8 normal

further énbodi nents, the init  owm ng st at

CPR$tEHRAL ‘Fqgﬁ Fiage teratreisi 3@k ﬂ‘dﬂ?\ehﬁﬁf Ei’GJ C@Gé?ﬂtlogélg Atend/3 (1,7) code

tifatGs apglieEtG 2R B {hetASD aV@¥ms HavaNeE barut?@&at%@%ngth{lr?éd code,
segnment used to provide followng state i nformation

by t@@@dh@ C%%eg%%'ﬂn mgthed @@aww&dsa@@m @ Rpneata PA19E 18), 5state (i.e.
PegvEped, S\Q 4 by ddeR cfaﬁldews@aestwtue résrateartggﬁé e ﬁ/fsggnﬂ; B&de, the

sane second segrrent i n decodi ng .

reisded! Ud; 199 codreaciiexes 1p9f@ﬁa§léut8@@aeara&§hg¢k met hods,
and others within the scope of the present invention,
vari ggenew constrai ned parity-check codes, for

wp dfie dpifipetign qf@@aglgang;og9g\togjﬁm§aﬁ afeoder states for the
rétesizored, 18) Patit) e elafdd &%ﬁﬂne&é@d@' Iﬁ%@ﬁguﬁ@‘&ﬁé BbdSddRsigned in
codes. a Il lustrated. In these exanple t he
N oMt 3“8@5‘?‘@&@8 PAHYraRECRES Pidhargancidate éo‘#mwgrq?aave computed
bfaeédu 66 ahResuHEPRItiaPNREYI df ¥ithdrecK oPiti'S ah@ tHe dtR&nE@parity-check
b|ts ra% re%gctacetl(\:/glyosﬂo%ﬂ (ljn the first and second entry inside the bracket of the first
row. It is found first that among the total 10946 valid d=1 code words of length 19, there
are 2135 + 1275 + 1275 + 805 = 5490 candidate code words having even parity with an
assumed initial NRZ bit of -1' (or odd parity with an assumed initial NRZ bit of '+1').
There are 2046 + 1309 + 1309 + 792 = 5456 candidate code words having odd parity
with an assumed initial NRZ bit of '-1' (or even parity with an assumed initial NRZ bit of
'+1'). Each table in Figure 9 illustrates the distribution of candidate code words with the
same parity among the S=5 encoder states. Taking the first table as an example, which

contains all the candidate code words having even parity with an assumed initial NRZ bit
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sinmplify error correction or post-processing. For

exanpl e, using the above enbodi nents, a new ( 1 ,18)
weonshi@eined single-bit even parity-check codePCESGIB4/000357

desi gned. The rate 9/13 (1248) code with a 5-state

(i.e. S=5 8 3, S2= 2) FSM as described by

B ol oSHRSS) 2 RR T35 Bl e

numbecoofcantideteaiode atoedLih3hg tode wemidkets Bat CiisCapphd & are

iifRtrhfag lrl?’R 3Fnr<§ Eﬁv gfq?e §¥§Jn%rf§ lfttE&[)IHHHg ,@Qﬁécﬂﬁéd{/ef%t gtnbutlon of

constrai ne esi

tmnb@ateﬂmeevords aremng &‘teeS £ drgodidr, s]:&)es isbrespexttigely shown in

ﬂgé fo%rthﬁa ?ugﬁ h r§%s a%%rsﬁ%?ﬁpﬁ%d S%{%C %'fbs hdgf?c]j ?%?cgiyb\l%ttapes in the
vfllst S!E&e) S@towmct\mlt&eegaadldhtamode Wordssthplestanb avith Q) {ich earikdidate
C%HQ gfo?ds%néggv@oﬁgng g%)%iﬂ Iy, St gfétt ﬁaﬁ%g%f@a%]bd%%%fg@ E% ngsmd state
SQhWW@‘-'ﬂ@UQﬁSe@nd@ﬁﬁ ¢Qﬁenwd@tj@é8taﬂrelthhle\mth ‘§lore]’ (theandidate
B ot i ﬂ%@ s Q'.‘:m r;_x%m ﬁé)f Glrﬁgnga iRy ceof Blviorad 0%  distributed

parity-che ate coevvord
aémrﬁmlgé@ltfmgé&ﬂcmﬂsahatébg aamBe cPA¢ word endRI with adf (la thrgidate

codd woRs in §éts C Qﬁid Ehz cQﬁB@ fae§ ndd e @e gvi&#ﬂérénc‘t (REPdata

respect i vel ovvn | t an secon
Wards, ydile He %ﬁnéﬁ:k%tdlctﬁ‘e tode worddbatrengs with 4'4' (. @mmdrdatesqode

v&da@gmmmtahs(igt@h o%%%&aeé refl 181G %5 §de3%3f§¢§ntg;%8r data

| engt h there are 2 75 +
ws&%u'rda@@ﬂ%défevm gtateracanngt eantain ther sanye oandidaiencode word. For

eREHPREthel Sk bb&ﬂas% Jé'nﬁldgfe codl wo@&g ﬁl%gte@% iS%éfe“M Y Sdhdidate

assunmed i nitl ere are

C?@@Q’Ofﬂsl'?s@@tekz 759@ @Wé'd@tﬁrﬁﬂdéa‘l’@d% Badateck dsheratal Agmber of
a@ﬁ@n&ﬁééﬁd&ﬁa‘% écﬁheﬂﬁon@ﬁéw 599 tigak =NR%Z?bbvffncﬁfls sm&lle* ¢fn 2135,

even an assuned i niti,al

t@a@Fﬁ'ﬂa@Péf ?fﬁapﬂlaawogequr%mrsm o ORehelpther hand, |for$taie 1, the
tGantlinttl 8f S WRaAgidMe dbdk Mo réf B 0BaTE | Y58 RBRAYGIIC Which is

S=5 encoder states. Taking the first table as an

suffigiepl to a2 C R %ﬁttﬁphgatawor% Simpitatly; ¢ aarebe yerifiegdhaidrom any of
tﬁ'@S'—rEger%()@gr fatek ! thehd 48 Aa8650UBEhnURatd &Jder?Ha@Ea? be

d( d parity with an assuned initial
assigngd tojthe ppgRr qaéa)werdﬁhsh'ﬁ Feans Hatierhit user datadyards ean be

eﬁ@&fédV\ﬂﬁ tHe ddind MAnRQdBa M fle 6dSwoRR, ha@ﬂg Jedd'p%?%%thqn

are jllustrated inthe third row of secon

aﬁ?tfmfﬁd psrLNRE Ptk shder ey Rarityryith an @ﬁwrmﬁ indial YRZite§ 1) are
dfeﬁibﬂjtéiﬁé@smﬂﬁnw Sconf®itde M @gsre®. T h%ﬂﬁ&@%ﬁsoséh%%%étq 2-bit

respectiv shown in the fourth to eighth
A e 55 R, S0paRe, Heros, olying i abish shovaird&ava 0, a rae

12he (f ,i1l8zbat‘~ﬁ§'@éléte8 %bnstMme’ddedéCdadeéstp@ﬁwté@t e code
words that start with 10 (i.e. candi date code words

in sets COoand O G ) only. States 4 and 5 are

F@Uae 30 8h&ws the ae@mn&@cmdorséfah@ 6@ tablTofiheirae! 12065(1, 18 ) parity-
gdatecde rds that start either with 10 or

LB CORS R Ias  BR s el thercecties) notabon oCihg User data
woids. Eldreerta itthé abeornd &levehhscolirtndltsitdshbbhd the decimal notation

of the candidate code words having even parity with an assumed initial NRZ bit of *-1' (or
odd parity with an assumed initial NRZ bit of '+1'), and the associated following state
information. In particular, the second, fourth, sixth, eighth, and tenth columns are the
corresponding candidate code words mapped to the user data words in states 1 to 5,
respectively. The third, fifth, seventh, ninth, and eleventh columns are the following state
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according to the restrictions that the sane code word
ending with a 101(i.e. candidate code words in sets

wEReand23510) can be assigned to up to S = 5 di PEBS@IN4/000357

user data words, while the2sane candi date code word
that ends with a '1" (i.e. candidate code words in

nl be a SI ned to

B abo dssBalelr b cET0RE Sud Rofh HicSecha Byt s elgnen
amdatemﬁls colammet respentisely. irhthesame mamww aneidatedmdanvalds having

r " . , e e [ —
BTN fr 0B BR800, I LB S B v
NRAbit o'+ 12 add B asaeniatdd falowindestate irdsrmatios tasg ghaBvn ifitiiee twelfth

assi gned candi date code words is 605 +
té%&hyg%gp&&fg%? which is smaller than 2135, the
total nunber of candi date code words in set COo. On
t th

\g@'gﬁ%tgghcegﬁgi%&a{ %‘étéag( dé; §vo 35d8 g, ;té ?i cgﬂrgégtégﬂgméal constrained
c@dega new meMiplesbis parfty-chegkt code caa@rt:mz be dagigeeddtas defirtead by the

e ! ) ! g Ny )

R ecR a5 0 XORTI B s R Ay ..,

Sarlingdyselatatecansiraised pede is shertiesigneilghit respecte the eate 2/3

(928 Bo ¥ teTﬂﬁélg]mé‘)%dE hdhiedds Phis gﬁ’ nepmsg)ﬁ%gqﬁ d&%ﬁk
can

be’ enco € sane manner,

Ft@veﬁ@;%aad paBishowithe distinutiansefirandidatetdoge WORSS ibiS=5cncoder
statés 1304 Q'Te r‘éiéeﬁmgt r?)ypa‘f‘ft)l rlélefrl‘&i HaRed cﬁﬂé inthe Elg%ek?%%hion as

but ed own I n the seco
Flgwﬁﬁguﬁf@ that wiithy %4'tbﬁk§‘|aétya}h§©k dhereare M@ distribution taigsrillustrated in

F?’gﬁlré's PA d8d 428, Wre%HQrﬁ’cﬁrgd £%he b@ﬂﬁ% faﬁ'lgj e rB)gs bfe candidate

tabl es shown in Figure rate

cpee Mogdsr i careilio iR paityraeccite of e oged@awsqqdam%rs in the
ta| 681 1itgs AEsupiEMBatthe nBRsHI '&Bhﬁﬁblm ddaes s@(ﬁw]lén%@ i€@8hortened.
tabl'e for the rate 12/19 (1, 18) parityrel ated

constrai ned code. The first coI um is the deci nal

F"tﬁ.tr@ 123(‘&1@63 112@ %ré’é%mﬂéﬁ %M@ﬁ@ﬁeguﬂlﬁﬁrﬁé‘ﬁlén 'of‘th'éh:%de table for the

econd el eventh colums correspond to the deci nal
rﬁéﬂéﬁ Grﬂ %Paﬂwe'@moaa&r@n%mdwtag SRENG MNey Bat Figure 10

ilRBHrhted tid &&eaablef’férqﬂsdz}m'cba@ww 4bé|i pé?fty-chéck ﬁ'\%Fe %dm
parity with an assunmed initial

IreHps L4 sadidate godvPesinisels withhthe Slamemrﬂ&t@faﬁﬁ:k b!tﬁ boncatenated in

tiEddeHbial Fighta 12ACHIth2H itidte thel firdthwo BF BaLE an@% last two,
tenth columms are the correspondi ng candi date code
renegivedpped to the user data words in states 1 to 5,
respectively. The thlrd flfth sevent h, ninth, and

el event h col ums | owi ng st at ei nf or mat i o

FQ& S5¢ codasa Wip the f@éﬁw@’ﬂ&ié% é5)c 8&@%\1&'&1@ TR Pt Mcﬁs = 2) code

Ak hbrmas béﬁrﬁslﬂrairfé'dg:%@ a REW singrRLHt éiléhlﬁ’é'ﬂ ~check code and 3 ew 4-
respecti vel same manner, candi date code woy ds

bl BR Y Fhe gl C%%ﬁ ?%fwewbyﬁh%ﬁargg§n%opqlmom'%{|g (R Bix + wrare

des.@néd omeeyaw#aambmmﬁ%m&% @F@i‘éi rat8itbjzal (2 NBY. Jodthte (i.e. S =
their associ ated f

9 §1‘ of nﬁ% | sn 57 @) %%’&mdu%fatqq%@?\k%ﬂﬂ R stt%et(‘vﬁ’elﬁygf@r'sﬂ S2= 3, Ss
=02)| dadBsSrespectively. With respect to the rate 8/15 (2,10) EFM-like code, the rate

10/20 (2,15) code achieves 1.25 channel bits per parity-check, and the 8/22 (2,15) code
achieves 1.75 channel bits per parity-check.

Figure 13 shows the distribution of candidate code words in S=9 encoder states for the
rate 10/20 (2,15) parity-related constrained code. It is found first that, among the total
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Wth a rate 9/13 ( 1 ,18), 5-state (i.e. S=5, S =

3, S2= 2) code as the normal constrai ned code, a new
wondobiopdoes bit parity-check code can further bePCT/SG2004/000357

designed. It is defined by2the parity-check pol ynom al

g(x) =1+ x + x4. Arate 7/16 ( 1,18), 5-state (i.e

| zﬁgétv P(iednég?'cc?de ﬁ%aséyleﬁ ; eztsg}/)tehcfé ?Fe C°ﬁ‘§g{£§9$§$@‘i d&s.ﬁ 138 +

188065 + B8 = ‘ai7é cahdifate cbde WRd< bakingelengatity WitlBarbassumed initial
NREBRS oitch 21 R P Vel arsl28: 111 03685 2ba W APtad 430 + 64 +
9ric bl candigtabascdderwartiehaving odd parity With@h asauiey wttall NREbit of
e‘&ﬂé‘ﬁtf 8l 9¢dE %aq?adé"in%ré i E@ét@%% élétriﬁ&t%ro‘? 2ndidh Gode
Wwth a ere are
wirds with the same mﬂtsesmphg Lh§t$%& entodar ftatgsr Bakiriglthe fired table as an
hdfipleC AhIch TRARRS tﬁgcédtb@d%fe%@é@omwatvgaﬁ%K}SﬁEammh%f

e Ca ate co
aﬁ&lﬂmegf indtigd NRZHit of eﬁhert Hieorc' i dnndae @bdfmtt@ tatal demberstdieandidate

CBéglNg?ds Ihttjrééngaer@?o% un- seh%g%ggcorg Tfﬂ’oésg%%; 103%? °i‘2§1°°1 Coroo,

cane and Lt 8k iflysyigtacHe theetgird now gf W@rslep@mi toftenthsoltiouns,
réelevdip rTh(et&trr tﬁkn@n Z)f ﬂﬂ@sé LartdidatB 2bkd M/o o%l the 8,29 encoder

constr al ned e, sane nmanner
Stqt%@tr?%neéavqlmf\%lé ﬂ@%fﬂUéthft@twetlﬂtferOM/ &\9 l&:ma@tlonwi tahovxe states

142b3 tangay érb)éuﬁfé?éﬂés mttﬁ@fn%t bR I @ﬁl@f‘ljﬂﬁlueé EM&Q@E@% words

code words sets with the sane parlt

thad stait Withh 08e States i @wéateawbestams guﬂwemﬂ siAl@ sehmvhich
|dd|ddé§tcbﬁ&|§atte%dfa Wo?cis thﬁpsthft e&l’i@rﬁ:\ﬁthacﬂ% Jf hﬁ) l @ﬁ%né o . States 8

respectivel For d=2 codes, wth
apg 91qg§ sulg-sga%/%st ig tfcq third sgtesgt which lrzpludggﬁagdldatggzﬁdgwords that
stpCathap with @ 1n&o@ Tﬁ@%ﬁd@ét@%@d@%?ds é?fe'@i%‘%b%‘télﬂé eE{(ﬁg to the

even Eant -check code and a new 4 parity-c

resiirtioge fhah e e eRNdKiate ?%iiec‘ﬁ@'éllihfﬁcﬁnﬁmm HP0f[-&)cardidate code
wérds iKdety & 00&36@40&%6 Cogtb%a?ladé 435t gq'n%Hf&S g6 t&§n§’Bﬁf@l‘e’ﬁ?93er data

codes are a rate state

wagfds. Jhe ggmegzan@gateaodgwéd H}?Ele%d wiha '8y’ 23 GQ“@L@?)te COde words in
sOts@h.EC folo; Snd §011o?18an é‘ﬂly'bé’asé‘?éneﬂ % upid %_ 6Cc9f?é3rent user data

respect the rate é/

WEF [ R SARGFRTTIERE Gode WOMDIB e Wb p 61 dis. aadidale sode words in
séts DG, f@{dﬂ &ind bﬂoh@ 2B be 5)} &éé@'l%@% up@c’i‘§1 thairfettuser data

channe Its per

1.7
whiis: T 2t BTt S eE s ABROk RO AT i 7S SARCICe e word. For

ez@ﬂdledmte%eccq,go mrﬂﬁcanalé@cwg afidRtefin IF4te 1?1 candidate
CP@te 1 IZOa& %% arijt reI ated constrai ned code. |

t
& wa{dsdn M%O%W%nd?m%a\% iBctafdigate code
woatein\wetd 7, afd 3 @Qrﬁﬁdﬂbt@@odé W@fo% |ﬁ%&te’3§9Tﬁe 39 nhnﬂﬁgof" used

204 + 95 + 138 + 8 4 candi date cod
CRITIRIe 19907 H’Q’Cg\)éﬁ gt 't W BT Bt 53 2SAaHNER 5 SraAllenjRan 299, the
td¥hltnupdbe iof b@fdldatécocw worﬂ‘s/m 3&16&08}30 amﬁtr%%h%'r héa%ta for 8 1, the
andi da

de
t%‘ﬂlﬂgﬂtﬁm ﬁ%f'%}?& Caaa F?&? %d{ewvoa?ﬁ 50t 32 rieet aF * Apez1026, which

isduffisidnt to map 2'° = 1024 user data words. Similarly, it can be verified that from any
of the 9 encoder states, there are at least 1024 candidate code words that can be
assigned to the user data words. This means that 10-bit user data words can be
encoded. In the same manner, candidate code words having odd parity with an
assumed initial NRZ bit of either '-1' or '+1' are distributed as shown in the second table
in Figure 13. This table also shows that 10-bit input data words can be supported.
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either '-1' or '+1'. Each table in Figure 13
illustrates the distribution of candi date code words

WOwadk/oidees same parity anong the S=9 encoder StECESG2004/000357

Taking the first table as a® exanple, which contains
all the candi date code words having even parity with

PR 1 9B B i o

dogle chr be snuitdsted. code word sets 0 Oooo 6 Qoi o, 60001,

61000, 6 1G o, 1001. 6 G oo, 0110, and 6 0101 are

illustrated in the third row of the second to tenth

Figire r‘rﬁ§howe§]@ebﬂg|irvfmgyportmreofdhst:cpddanablecfnr the rateciHE0 (2,15) parity-
|

GRS EodOTHE nATRRh B degMyf ERHER ohliB LS8 ddta

W%dﬁaﬁhm@mém @b@ﬂ@ondstpaur@éeenth golymBs camespdndtethe decimal

B BSOS A, SRl LB g ez
ohather -dr@ "slianskthe essqointechipllewivgstite inferagien., Inwaitichlar, the
S5y 32, Gt GONE BTl il PG RbAn o
ase Mesgosiesronding ¢padidate epdstwards mappedis tbi usercdald merds in states 1
t& Q%bgé’étﬁeﬁoﬂee PG Gt Q@enﬂ gfnih eidvBRth mlr%é%ntfp:l‘lfteéﬁth

ecanldate coevvorsare I'stributed .
S&&%?%nﬂh gnd ineteenthecniyming arerike faliawingtséats infermstind iadsndiated with

Safpawcss i IR 8 A B B
spéeanih arsl ejabtegnthrcsluains, (Rseectiyal/a Immwmem@neqneandldate code
mﬁ%gjh%geod@ﬁ’é?‘ltm&ﬁ ah B%un@&fjm}t\ﬂat IQRQ bltJoQ eltﬁér -Q’ or +2j agd their

candi date code words in sets

aggaqipted ffowinoystae inkergalra ara mwsv i éh@twn%thao dhiry-sevanth
cHeginsdat a words. The sane candi date code word that end
with a '01'" (i.e. candidate code words in sets 60001,
61001 and 6 0101) can be only assigned to up to S1=4

FifuréLT5MBNdI 588 sHAW %é"&étﬁéutldnrbf%gﬂdn&bt@rbodg wok@ =9 encoder
states cannot contain sane candi date code word.

stegs fexthegpie 8252, @tpaetyor@@ée%%@st;remeaﬁa@@mtEe &awe fashion as

Fiuré1%3. aNItlQﬁaﬂ'-tﬁﬁpérﬁy shatkethére drel mﬂblﬁ%%ﬁgg RUYPALES in Figures
in stat 72 candi date code words in state

15A§n€é§§ ea&r%sp@aa'ag ¥ Fgvaripus pafitechreckhitg oétrteamdwmcode

WORELE IVBSrASuting tisd Qérﬂy-%heﬂlﬁtstdﬂrfé cdMdHes c&fe Wér@g in the tables, it is

candl(g\ﬁtecoev\m IS +71+71+ 3

aggHne @t:we.r@f@%ﬂqnéﬁfam%ﬁpdfg@eqwacqlavarshﬁﬁﬂw of

candi date code words in set 6 00oo- On the other hand,

for S 3. he t ot al nber of assigned candi date
it YA fad 168 3G exaymlegiom Uge hoginring Parion PhUs cogfiatie for the

rats 8$22‘ (fZl‘KB Qﬁtltyir@IaféﬂR:oaéﬁamedl% lhstﬂé saﬂfe&nélm{e@%at Flgure 14
ied that from any

15 eaa e sodeutabie fordfe 1820 cade Wil o Avibemriubin kalrere aieet®
gvéupd of thadiddta Bo@@w@ﬁc&l seaewitd t‘hetsbmel{@ﬂty-éi?écﬁ bYe rcaﬁcatenated in

S AR o hA ae el Dot s Ragepio st two,

rgplectivelyM t h an

In the following, the performance of the newly designed codes is demonstrated using
the recently introduced blu-ray-disc (BD) optical recording systems. Since the BD
systems use d=1 codes, the new codes evaluated are the new d=1 constrained single-

bit even parity-check code and the new d=1 constrained 4-bit parity-check code with the
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assunmed initial NRZ bit of either '-1'" or '+1' are

di stributed as shown in the second table in Figure 13.
wdahios/os@bd e al so shows that 10-bit input data ROI/SG2008000357

be supported. Foll owi ng the2¢abl es shown in Figure 13,

arate 10/20 (2,15) parity rel ated constrai ned code

G BRIl T AT SR e goces e

rpade vy ofthattencatanaion af ttnedatecmm (17189 nbrmaltconstrammi ¢cgle with the

e ' of
B UTE e B Roshe et 3R AT s .0 BIPRG retetes
apesiraméd caxteatespactoflyt heparmwhrdmeepedommnmmmdmwly}gemgned
P Lt (o} her
c%ﬁggls gahfﬁed%s‘irﬁ; (?cﬁne:ﬁg%;%ﬁﬁlg 5”& a‘%“Fg{,'\Png lo&saE is astsumed that the
aptit@resd-odis linear pad thecBiaat-Hoplies medelras, disaossddin GiBaulwhuis, J.
' h t f f
S PeHIRR L PabEh & b RSN SR 8 i
erbvlamf@tlnd@ecdsvsjemheoxmw@mwd \mtsd:.t Ui 9841 iesisad to
f t ' :
defotbe PREATTGL. Bk he PRl oot e FRUAR el fbBonse i
axpressedAs h col ums are the fol | ow ng state information
associ ated with candi date code words in the second,
fourth, sixth, eighth, tenth, twelfth, fourteenth,
si xt eenth and elghteenth col u spectlvely In the
sane nareeT, sinecR) ﬂe:t deevioy sah@v <ol1 parlty
wi t by nassuﬁ@re |n|tl%ﬂ| Rznh\;} sz -' or '+1'
andt elr associ ated fol |l ow ng statelnfo tion are
shown inthe twentieth to thirty-sevenPhzgoRlims. (12)
Fi gures 15A and 15B show the distributi on of candi date
code words in S=9 encoder states for the rate 8/22
v(r&rdsz)ls p*&arfréqueney ammnsmsy thaichannet ol eatenandR istheeate of the d=1
ashi.on, as F| 3. 4- b| parity-check, there
cPRPARTR Y PR O T et ETt Bhial i Bucal Sior

feadeddBant Uy &eﬁ@am@tumoﬁ@wd Wr BiRrié 8Wsedard éfthé RRGlding density.
bits of the candi date code words. In conputing the

Tﬁ\&rﬁr@i}'ebﬂe@kthsﬂweéfs i EecoseHm HoASHY CHURVIGR YIS, For R @ptical
rE&%‘ﬁﬁ systbml (irRSS lé@@:dmé&@&ntﬁ Eﬁvél@ﬁdfﬁlx %@'ﬁslgﬁ@bvgﬁq%mencal

coded seéquence 1 s un-shorten Figures 16A
apegurexdivhe sofmalised iet- Qﬁafgeequenmgusrgmemum 2NA lhd Acwolbere L, is the

AT of 4 061 H 20 B BRI AT oy o

nrh,lMBtrO&B&dwdltL@mamenrﬁ,abJ:eo.Bor the 10/ 20 code. Wth a
4-bit parity-check, there are 16 groups of candi date
code words sets with the sane parity-check bits

|ﬁmz;:fau@mag eslit-bff fleh ertonsten a0 5eandfeR 0110 835 have Béh dfBidered.
Ilusératethe rst two of these and the | ast two,

i
MESH ERPIPRRTEPreseRt feRwrding) YatRMRgVith PRIMpak depsivaaRENigh depslty.
respdcyivels Sicenerhgae dafentstalRIaRASt r at ed usi ng

During data recovery, after pre-processing and partial response (PR) equalization, the
sampled sequence is supplied to a channel detector such as a Viterbi detector. in the
performance evaluations, a Viterbi detector that is matched to a 7-tép optimized channel
PR target is used as the channel detector, whose performance is very close to that of
the maximum likelihood sequence detection (MLSD) (see K. Cai, V. Y. Krachkovsky,
and J. W. M. Bergmans, “Performance bounds for parity coded optical recording
channels with d=1 constraint”, Proc. of IEEE International Conference on
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the recently introduced blu-ray-disc (BD) optical
recordi ng systens. Since the BD systens use d=1 codes,
wo bwenemodes eval uated are the new d=1 constPei/serh04/000357
singl ebit.even parity-checkocode and the new d=1
constrained 4-bit parity-check code with thegeneratl on
.4l ( n
ARHIAERLs foct Al bsh hal 23 5nd SrePBhicihetoreor
eghatization istassgined tq be Gayssiam and wbmens'lmeadon'erwbm eder awents at the

\ht@ﬁm dé‘{‘egto?'ﬁ(éérﬁta é;m %t}é)o?&?} %%)d’ %gé 2?@ 2035 gii?fﬂ,-z,o,z,o,-z}.

Therestor avereds thediifferereeimtwéarcthy. trahemnt@dtdatwd;enuentdnend the

d%gecgegf&ég%%gqt%ncégﬁwggstWaﬁ%eg %te%p g?pgf%egﬁ]ee\%%rblﬁe?chor a

passproeeksbhatadohteddort ercalcorrectibno lncan solrect dath sim‘gie bh@ double error

g@ﬁgﬁhé_ﬁgﬁﬁ%thwgaeéhﬁ? gésd?é% ﬁ%ﬁé %gl\fl\g% %rdkpy using the

pArltysd’ieolmﬁsnélof Iherdemc,ted%odeomcprheﬁtrm‘omnmotﬁie \Dtesslm detector, as

B b o Sl Wi i

of the channel synbol response i s expressed as where W

Pidurberfr BhE L RNEKO MR LaGoRY ek pERBice tbinphfisdof the
patttecheTk eodagBid systemd withftibd aonvehtioreal fate RE3 ({1170 coge Rodivith the
Bty &a‘sfsgnee%guggﬂ %yno@théhshg ah@ fi Wgﬂé be Fes?)f befRfy. user

srmller Wi is, the higher is the recordl ng density,

F%P eVpia(t:?y ¥ é:ﬁ%odé: Sy <8 QR G ﬁ}ﬁté 9/%8("1 %) EQdéXﬁé ?ﬁbyﬁb&gnot

aser wavel engt
'm@rawpllqb@afttmheqmnwﬁ@' anakatded s\etblndhe nwfdﬂlatlon encoder. This

|sf,s tBegciélugf‘ﬁ?ég 'rﬁe‘f?f{ogén\’:? Bamg‘cnégﬁ\ﬁg}e‘é v(n}?l the g“? rcSné‘tl'"eérlrtg%lrjé H@t available
ap%d'ﬂatt@t@/rgw( art coging @@lm%ﬂewTﬂwnrafore tm@wanwrchmk eo@eseaae
nﬁﬁ‘éllé& by éés%nﬁn@mat M@ p%ﬂ cHé&k?&?gcﬁldla% 4%0dE Wor@ld known at the

requenC| es Wi= ave een

detestor é@ﬁeﬁhlsw eraﬁr@é@ng aRyadame carepanginhipr egeh defected
cWiid Wofboiﬂ‘d"aéta%%@' nbdansl %é 51 ﬁ&@é\t Lyeh %a?ﬁypaﬁ:édk\bﬁl r¥qu1res the

accor Ing to current stan % ata reco
iR pyasbeacfensiusgr l@zh@ngmqoalvaie@éﬁ) resenqeits, the

c@ﬂé@dné gr% ofm@co?ﬁrfphedzf?}eqwq'ﬁe érré%b%ﬂhmﬁ%o&é’%gre thereby

hannel detector such as a Viterbi
rﬁéve%%@é idaph Fenptiabied pagtyweheskispdefet ect or that is
matched to a 7-tap optim zed channel PR target is used

as the channel detector, whose &erformance is ver
I Figueestly a8, Guryase! teekiesaestive @Q'%%H’%%Qf@éfﬁé@ce of the rate 2/3

CS&S Wﬁﬁétﬁ%a(nM—cﬁ@:k (i@dKal sfrdle- b|Veve¥rt pgﬁt?%%aé’ $Y witANdeal 4-bit

er gnans Per f or mance bounds for parlty coded
pamyrc@spk rd%fmddqyﬁbe enRgTAkNsPlynamiatef gPormst Faimx™. Proc.

OUrreb Md“} %@%U%ﬁ%m&gf the rrﬁ)@ @R ?ﬁcﬂ‘i) a'EHnﬁée ﬁ/ﬁfp‘%& I?}%mty-check is

. IS
|Iléléfr§,t|eg by Curve 4. The perforr¥1ances of the new constralned single- b|t even parity-
check code and the new constrained 4-bit parity-check code are illustrated by Curves 5

and 6, respectively.

The code word length of both the single-bit even parity-check codes is chosen to be 97,
since it achieves a trade-off between code rate loss due to parity-check and error
correction power of the post-processor. The overall code rate of the new constrained
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equal i zation is assuned to be Gaussi an and white. The
dom nant error events at the Viterbi detector output

wo wos/oe9esto be {2}, {2,0,-2} {2,0,-2,0,2}, aneCT/SG2004/000357

{2,0,-2,0,2,0,-2}. The errét event is the difference
between the transmtted data sequence and the detected

th h det t t.put .
PRl PSPt B A00Ekn BB OBl UA, gpmoares
wéthrtioe cmmenmmtal cate 2A3t(1 Facodowitie tieaboleh pa'nty%trgc&rtde rate of the
th h et o
ST B bR SHEK Cockds s BTG G PRE HETHREDEO% betow
trpmcanaprtschfdbk paktgicheclododel avittiéhe d+ € dorctrdint. V\Noté that théeapacity of
t bi detector, .a | as e channel
PBityEenf bedsacritl St enp Eh R BREn ET R Recor — PIS Wrer b
R;!@% eosgxézR |£tr@LtjfraQQC|ﬂ/7ofwd1 , k8e) tddest W\?th t% ddae V\kur? Ie@r@fhoéf 406 for
rate er f or mpce arison o ar.i
b5 b e Ba A N ke, Bartpantatarsy. 052D 3 s pgeidhigher than
tm@&tr@ﬁdteVEéB , V{]@d@Mth@&Ltgﬂﬁﬂltt)Fﬂﬁél‘i’:ﬁ, arEils afnry]ﬂmﬂi% below the
ens,i an [ respective or e
CB%??S"Wﬁ '?Yé%lfég @%ﬁ%m SotEN a1 o 2/ 3 (1,7)
code, the study does not |nclude an explicit
Ot Do PERR B S Bl 5 B A s o e
peﬁdmmbhtmf@;ﬁﬁﬂwmbamymhgw @cﬁ@hncﬂs@hlﬁ%?it ﬁer%formance gain
. [ t.o t rior.ar i e e or.e
<SRG B ik 41 8a1b B b B heleR A5G Zis s 4 BieRGE an the
rath @/ 1Beddey Tiib échechose beth singe-Isit vsth wepithecvezk doties darmiondetect
Bl A Babreet e 85053 Paficunes 4 o
6' sﬂ.aWawatdeaM bmﬁdmy-oﬁyclammmm deigh@taft@qﬂynbaféltgyx)ehee& +x*
t he. m ni. num_pve ad of one use
it G B! s R Bith SR IRe g 2L Pt Fje oLl Scode.
Taé réeha@n@s)met ihe 4Eb|t=péHt)30hedR/dee§' ben gstectesinpe domihatDElest events
ethere ref. rredtg i%a&{? constral ned
E@P.%e Buiebme e Mamion o e sorpproeaiee 1 t o
3 respecti veI y indicate the performance of the rate
t k th i
156 B0 et RS otk (RS by Sgbiean: pRrPACA Seip over
tlﬂﬁfdrﬂéﬁhdmyil ﬁatm%l/gemaé bt [egth aaéefsrmmoat and \f/vglg tr?e pently-cthé/cil(tode,
n or ma 0 e ra
dt.ue _tLo |tsf§5;{1 gﬁtﬁ% EF% ar1i h@H@(‘f‘k‘?‘gE cpnqt@ér}epaqaélgl %yac% codes
g@mrareunrti 0.Thi8 quer fh@rra&mm%oi)é witth &ieaB?ijtI @amt/roaeaedt nominal
-hit t eck code and th
3L 7 MG SR e e R B p i e e BTlog! LR o ggneral
cGupares t5 tranchsé withets eaté RxGdode, dibwitiosle pnmycthban gﬂiehnew 4-bit
B P ElBi Robe AR B ety SRS 928 o T i,
andtles dB®gaincitibighalepsityl. t y- check and error

The above-described exemplary embodiments are able to encode a segment of user
data into a segment of channel code words so that both modulation constraints and a
predetermined parity-check constraint are satisfied. Each segment ‘of the user data is
partitioned into several data words, and encoded separately by first and second types of
component code, which are referred to as the normal constrained code and the parity-
related constrained code, respectively. The parity-check constraint over the combined

code word is achieved by concatenating the sequence of normal constrained code
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correction power of the post-processor. The overall
code rate of the new constrainedsingle-bit event

w@aooshyeoeheck code, according to equation (1), PCESGCHO$E000357

0. 6804. Conpared with the édnventional rate 2/3 (1,7)
code with ideal even parity-check, the rate of the new

. : ! e .
RO sbBE bt PR RGP e oAl oy et
Opde woed ety Boﬂemle oomd)eservt/ia)Uest are fmm&-stabesls&rrsaiamed chidé which are

iﬁfw?& tbeh{vaﬁﬁg 'r$t¥s &E%@%Fshgghéhf {p%g? }:Nlrtﬁaﬂgolr% tg\%y are based
qnhbe sapaciSiv; Vdﬁch( ehables tkem Yo bedesnectiid seamlesstje witboud violating

i -bit . .
R T R e —
daileyfnethe tNR forimeat aodl thendRZ mrmaﬂlresp(ecﬁvqlw Desgiargvthe hodes in NRZ
fbrq?a‘?'maly rQJjL%ceQﬂé 'nh%bgp&?déﬂt |t§) Ral %d gz:l' #8%&)9& olﬂ and

capaci arit
stroRiiéy ermrmorre@mrp@rm@bnrobesm h’he:@amsshmk cortramhi defined by the

p@rl{yvtg\?%lﬁ RBIg cﬁpéhﬁr"ﬁa y]?’geer%ﬂv\?\ﬁ/?%hou A g)g r{?at r]?near black dpode which

Cﬁ@'dsﬁem anytyRe opdemimantercy eyantras w,ellfaamcbrfe(vents h:emblnatlons of a
[ t

o P LB R SPRE X 5, S Rl b o P i

igpPi9YE@- bit even parity-check codes cannot detect the

dom nant error event {2,0,-2}. Conparison between

Curves 1 to 3, and Curves 4 to 6 shows that the 4-bit

Tharenegdesn et deeasiess describefbakavetoay boinymemeated geiny just hardware,
Rl ngr

L T RN Foe &gl 9oy Bompltadch A sRware and

SPQW@’ﬁdT‘OQLFﬁS 4-bit parity-check codes can detect all

the dom nant error events of the system and provide

more side information to the post-processor. It is

A mpdiieransha epdisdlar Higimedide's unetigyality, eatiee ismpleigented in either

h&fdird besstiwarerh o 0 i
rate r2/ 3 code, f or%rggtﬁe% gﬂo%%s %ﬁg?j&% &Bﬁ}am or portion

theseaft hatwaly perdermsa eartieniarnfyngiiogies Felaisd dunciiprs. Imthepmriware
senskd) a%oddl@us"éeﬂ.‘{néﬂc}h'at h&r@Rale’ @it edi gﬁ@& 'fdrﬁ:s@ Wtﬁi&trlfé?dsgﬁ]ponents

%aln around 0.7 dB over the rate
meruleprqriaxamiies R mRduloma) Se imRiagTented ysing discrefe giiectronic

c&%ﬁ&hérﬁs drh%aﬁ%rﬁ@é %ﬂ%ﬁ of AR Rt ERroh’ &EQHMh]asda% Application
ener are to the case wwth the rate

SPBGIS Mamieter U (BSIC) YU e other eospiaiiisiset
constrained parity-check code achieves a perfornance
B at nom nal density, and 1.5 dB gain at

ain of 2 dB
Wirlgitnerereferisd smbriimsnisef edavanbion hexe RpaAgecribed in detail above,

|tQﬂIbB§i URBETE oA tieat dBtGus eveEsiRE8inad %ﬁgﬁftwecl@&odé%%tlr@% Jifferent
q E E‘Pa segnent of channel code so th

3PP SFSIRMASAD AP esioard blé”]@ﬁ@élé'i'%ci mth%art based 0” the

tdhhiquls ab&Rilke8 PBAdA.ai nt are satisfied. Each segnment of
the user data is partitioned into several data words,

and encoded separately by first and second types of
While the invention has been particularly shown and described with reference to the

preferred embodiments, it will be understood by those skilled in the art that various
changes and modifications in form and detail may be made therein without departing
from the spirit and scope of the invention.
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conmponent code, which are referred to as the nornal
constrai ned code and the parityrel ated constrai ned

w@e ome/p4a9espect i vel y. The parity-check constrai PCT/OGEN4/000357
t he conmbi ned code word is @hi eved by concatenating
the sequence of normal constrained codewords with a
specific parity-rel ated const ned code word chosen
from a candi date code V\ordr@‘éﬁ‘SBoth t he conponent
codes are fi nlte state constrai ned codes, which are
desi t
1
capag]'t%gt ﬁ@ooﬁnr&?dgté‘i‘rﬁﬁ &g{&é% grg:gdg\'? mﬁ’pﬂﬂb%nt OE'QQT\W data
hating heen abttlégnetohlem data wgrctwﬂn@enetbdd seaptisisg| y, w t hout
vi ol atbhdind e
Vi Ol 2hE8dnd araem%wg@ofs i ot%g%gggo@é At porhiShdh B4R G and
seFond Mmmlentametwmdmzi format, respectively.
DeS| Q:Bhg%eﬁeﬂfﬁ GRARSt & ;gﬁ%nf wmor@%%tﬁwg&ohg%omponent code

arlt -che ts required tor er

V\@é@ trprovide @mgmgqmggq qqdy werd, omtl'ta)pryee@qter@nn@ parity-check constraint
RNESheREADFREIRHe whbif Parity-check constraint is
defined by the parity-check polynomial or parity-check
mat r WOesFin thesgng enraeredirsticamapngit sefle owatds compise emuerdnore
B8 RBkdsAa forRel HnsBKALA é&ie &Ad Bk sB¥EHY cdtp (?Q%H cc%% word
error events conbi nat| ons Iven optical recording

cepfigen a ﬂ@deaw?fé’sQilatpa”tW@'qt?ﬁ ‘éﬁfﬁg' inefl cadmsi ty of the
systemis inproved. The encoders and decoders

descri bed above may be inpl emented usin gust
Znar dvideenetipd af @alwbhm@rea@epmezé@tm@#hq gt aretpgicpag component
cBHO GRES ABicves a@:)‘e—éet%ﬂﬂ?b&‘ BhHOENBEK BHHURE Sveﬂfriﬁ’e combined code
software nodul es. A nodule, and in particular the

ule's functionality, can be inplenmented in elther
hardware or software. In the software sense, a nodul e
| S a_l_pr ocess Tpr ogram _or paortion thereof, th
3usualTing MethedeiRiailm bar2.ivherelp bethribe |”9Hn%rcof‘§1f%@%°°de and the
phHtyGtlatiSconbifaih 8@ cOf sMeainRe-SRMSSaded JTRKRH Rnhth. @
functional hardware unit designed for use wth other
conmponents or nodul es. For exanple, a nodule may be

4i, npl El"ﬂi@"r*ﬁ&ﬁ'o@éﬂé?@dﬂescﬂtfg SreBoRSd EIQIMEC WhergH I HotmalPfonstrained
it can forma port an entire electronic circujt

ce H“%Q‘eaﬂ?r%’iﬂ'alt%%t;‘?’bﬁtra@ﬁg&PF“F Baye et atescprereastiing the Shannon
chpadit) . Nunerous other possibilities exist. Wile the
preferred enbodi nents of the invention have been

described in detail above, it will be understood that

svari qus nﬁvamwmyrcmertﬂ%do@@béd{ng: BiaRkds, WhERsSn bhé bbAdndr8 is

di f rent dat of a tems can be desi gned by
SPH QI?i“FICQBS E’(‘{@%ﬁr"’( a&g'@!d on the techni ques

descri bed herein. Whiile the invention has been
artl uIarlé%%8 own an descrl ed with reference to the

pr ef et the Prgreqing, glaimsy mhereid ¥amgHs Ragbcheck
kbf the darity-reledddnstrbinbd ¢adé WU correspond to a predefined parity-check

polynomial or parity-check matrix.

7. The method of any one of the preceding claims, wherein the normal constrained
code is designed using a FSM.

8. The method of claim 7, wherein the design of the normal constrained code is
based on an efficient FSM to satisfy the modulation constraints.
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changes and nodifications in formand detail may be
made therein w thout departing fromthe spirit and

WG eapm40bs t he i nvention. CLAIMS 1. A net hod of POT/SG200¢000357
data froma data source, am4input segnment of user data
havi ng been partitioned into data words, the nethod
conprising: encoding the data words into one or nore
first conponent code words and a second conponent code .
Swr d; Themiethod ohamnens ofgh¢ peeckding tlagusypdeeain theditst compdaent
%Hg%&n&é%a%o%%%&gimg%%ﬁé tacb?éjgf é"ﬁ’c%rpnamgon st g¥1eg %983 comprising one
Sﬁt)ﬁémrmahcortstremedIqede:wntdsned code wor d; V\,her ein the
one or nore first conponent code words conprise one or
nore code words of a normal constrained code and the
Kk conthecpeathod ehanycetteoftbe drecedipg ickirss, avheosir theosedond camponent
&@E'v&dfd fseée"l’éc?éij e stdoab 'i‘?cq BPéj S%r ti r?lgtlaﬁ cgﬁét%ﬂ%docfodg comprising

claim 1, wherein concatenat secon
%b‘ﬁfﬁbh/érﬁs @fo@adlﬁ@ﬁec@damr@a/es a pre-determ ned
parity-check constraint over the conbined code word.

3. The method of claim1l or 2, wherein both the normal
Ponst e method etidaightd when gepdndent @ attleabt claite 7r whereih the set of

&Rl afd &)dfe 'MeréseofStﬁé‘PertgqglgédQ;o £t %1 SRRtk LII'OUJ ngtit}/]-é:heck

net hod of one o e prece I ng al ns,
thtél*?rrﬁq’S'g:’tﬂﬁ‘shaﬁaﬁ’ Ae@ seatee M @sttheneraal cqnatrelnad @ades
constrai ned code have code rates approaching the
Shannon capacity. 5. The nethod of any one of the
13 eceldierpe P%Pﬁ%ﬂy Qeceidne pissedina claing fethes cempdtiegidesigning the

PR/ - r@m&é&isnsﬂe&%@e \M3RibrighyYy. 6. The nethod of any
one of the preceding clains, wherein various

pari t) d@ﬂee'lag SRRAIJHE cprie Wekdsiaf jhe pariiy-exlated serstisinessode;
code M?Qfoﬂwdhﬂﬁé el - S R RS eﬂﬁelcaﬁatd%rdoaa wbﬁ?sck

parity-check nmatri x. . The method of

any dwbd'atr'bvw the @é%#@f@ cefawegds Imear @PHP pheodeorardisets; and
const W?bélﬁ,@teﬁ@ﬁ {he (388 MR Setd Sddithe?, é:r%\ﬂornging ede table for at

net hod of claim wherei n the des t he” nor mal
Ieasheps af ensgdivg aedideceding af A paﬁtyerﬁka?aﬁ Gonstrainpg eede.
satisfy the nodul ati on constraints.9. The nmethod of
any on the preceding clainms, wherein the first

1c°’onpo°rﬂg‘ﬁ§106<5>asew'a% aQaptysielated eansirpigas godaige Usawite agpauence
oR nBPRATRbN SRR B Wbra U FetHRLicdhipdsiAge:

(i) designing candidate code words of the parity-related constrained code:

(if) computing parity-check bits of the candidate code words:;

(iii) distributing the candidate code words into a group of code word sets;

(iv) concatenating the code word sets together; and

(v) forming a code table for at least one of encoding and decodlng of the parity-

related constrained code.

14. The method of claim 12 or 13, wherein the candidate code words are designed

using an FSM.

15. The method of any one of claims 12 to 14, further comprising releasing a run-
length constraint k prior to designing the candidate code words.
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set of normal constrai ned code words. 10. The net hod
of any one of the preceding clains, wherein the second
weomponoes code word is selected froma code tedi/eGmin4/e00357
parity-rel ated constrai ned3gode conprising a plurality
sets of candi date code words. 11. The nethod of claim
0
éf \é\gﬁg rﬁ&{ﬂg@gﬁ élm%nmzatnd &ﬂ{%‘%pgﬂ Jslnﬂqgj}te%‘dng {he fun- ?ength
coonstratintdd byeaptiousleg thietdode aable)tmomgtrattlgasd: bee kf: eleting sandidate
S : [
cEB5 WARR I AR o o Fold God TR R g eP B states
icthgifM. further conprising designing the
parity-rel ated constrai ned code, conprising: (i)
desi gni ng candi date code words of the parity-rel ated :
1¢onstlihgimeitiod oldany qriei of clabmp (i2 knp, th@répaltth ganditaitkcdglet\gords
ng the
B R AR AR ik pk LRI RT L
and (iv) concatenating the code vvord sets t oget her,

1%”0' E%élgo@ofé?ﬁ/ﬁoﬁeao?'c%urﬁé’ﬁz F&a sh d8 o3ht ﬁ{‘sﬂ L3 %aim 11,

codln arltx cons alne
\Amsrelmtheectawé@a@f caglesvaias alghea ppaerrfﬁWQdeCFOa\ﬁtE@ine@ﬁ@d& @nemalgned
uSRGhd HmHEBIWAL heRoRRABAERIRLd BeER! constal ned
code words, the neth conpri si ng: ) desi gni ng
candi date code words of the parity-rel ated constrained

190de’Th6'n'\éth6cPHﬂ3él‘$lhﬂ"EB RAEHiY tHeheRbidBid Sdef &r&eare dcjas cS;ned using

candldate code words; (i11) distributing the can
abpMsioiashisva agrBafity dPPseBingsode &ies: (i v)
concatenatlng the code word sets together; and (v)
ormng a code table for at |east one of encoding and

2fé]ec odi f“ﬁ qasiroq pfeciaiar 18 9@ ot @any ene of daimsd Zte dé when dependent
on €138t AR pfwrfélrélh th le%crﬁ) EtafeSof tH@ ?Sﬁ/l 6\’ thd Sar‘i&%@gh@@tc%nstramed

code words are si gned usi ng

cgge. &fisre b tasel of ngmd'qaze %delwordfs@pfq«méa"ycraﬁw%tp@@e data word,

Wh@ke@ﬁsltﬁsnambén&)fgra@mcrfé%ra%tté aint k prior to designing
t he candi date co words. 16. The nethod of clains 14

and 15, further conprising tightening the run-Ilength

2¢0NStrhaindthdd @Narf?ﬂin'e'ﬂf%laﬂﬂs ‘if‘ﬁ: E{P%eﬁ'ém d;§ etk &its of the
CI e&i%t* one of: deleting candi date code wor at start

8 CRre worQ§r?ge comBuis bagpg on é‘r%VeI”rRﬁf'é’a%heﬁb Pplygomial or parity-

chédkRatriRf arkt taking iritd atdRinbBMiedgth off A 8edRINBE @oﬁ%ﬁnﬁﬁd tH Yormal

of clainmse 12 to 16, wherein the candi date code words
constrained code words.

22. The method of any one of claims 12 to 21, wherein the candidate code words
are distributed into a group of 2° code word sets, where p is the number of parity-check
bits.

23. The method of any one of claims 12 to 22, further comprising:

forming a code table for the parity-related constrained codes; wherein

the code table designed for the parity-related constrained code is larger than the
code table for the normal constrained code by a factor of 2°, where p is the number of
parity-check bits.
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are distributed into different sets according to their

parity-check bits. 18. The nethod of any one of clains
wd 2006046075 when dependent on at | east clai m 11, PEtISGENH000357

t he candi date code words oBét he parity-rel ated

constrai ned code are designed using the same FSM as

5. WReSrSRE A au o g et et Srdhe e Rnain o
usei a!Ega woed, siznien§iBMdf the perity-miated comratietcode ploakisorm@r than that
o‘?ﬁ%% {,ggfconggaq%@?o&e\gjg%d of claim18 or 19 or of any

When dependent on at | east
cI a|m7 wherein, in each state of the FSM of the

ar| r here is t ot al of

By PR SR AR ER e b ks Sk Birgnoma
canstehinagade Vﬂ)rdSCthMISBLHTMBNaMnyf pamhalcoostesihedoddde waitds and

0] rei,n the .

rber BEmBRthEorler By fe YRS s8Nl HE G wors o a
nom@pesiramﬁe@d@mcudgsmnparl ty-check pol ynom al or
paritycheck matrix, and taking into account the length -

of a sequence conprising the normal constrai ned code
2@or ddhe prethathef alaimiizSd waereahgormaeneﬁng:traifirm cbpboer tpde words

mﬂ%&&&ohp %3@% ﬁ%gge gﬁpoelt ;ﬁ?é\aﬁe Qrcgmglmc-ﬁ hgéjgv%fpoéd?ﬁﬁ’rfses

a group o
appending thReektybetated copstrained n@dehwdrddﬁ tlamgndwfdhaﬁomal s

calgstFa%e%QoodE Wotr&eé @%@H&f It Irf¥Sbs ftﬁ’é 9—c \Aﬁ&o&%s{r?iﬁ{ &/efrg'{

parity-rel ated constraine ereln
CP@BlnédéF@éw’ﬁ@H for the parity- reI at ed constrai ned code
is larger than the code table for the nornal

constrai ned code by a factor of 2P, where p is the
2hunbdhe Gretheg Pfapy oheok the rrecering Jhigsmshasin BE seagncheasnponent

C&ﬁe WhRi ,Qgﬁg&(ydr}g clainms, wherein, for the sanme |ength
user data word, the Iength of the parity-rel ated

consf??'ﬁ‘l"ﬁ@!w e darituoangck sits ofithe ene BaMOreperMsd consérained code
woRIs"Bhg constrai ned code word. 25. The nethod of any
one of the preceding clains, wherein the one or nore

nor mosilesd pandidate serdrewaisr i dheprrily Teleted cphsiaifiact gpdefthat has
tHOd v p p&RS ﬁé&lﬂ%%s‘%ﬁ’éjéalwét‘éé rpang, a‘htéu; By conprising |

concat ing the plurality o constrai ned code
words into a normal constrained code wor ds sequence.

286. The nediwst limSiaiien c%@fn itRe E%@%@ R84 Wgrdtlg‘ Based on

first conponent code words with t'he second conponent

theorpiculpied pardyshesk RS- a conbi ned code word conpri ses

29. The method of claim 27 or 28, wherein choosing the candidate code word is
based on state information indicating the next state from which to select a candidate
code word.

30. The method of any one of the preceding claims, wherein encoding data words
into first component code words comprises encoding each such data word based on
state information indicating the next state from which to select a normal constrained
code word from the code table of the normal constrained code.

31.  The method of any one of the preceding claims, wherein the normal constrained
code and the parity-related constrained code are designed in NRZ| format.
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appending the parity-related constrai ned code word to
the end of the normal constrai ned code words sequence,

WO 20060032 t he parity-check constraint over thBCT/SG2004/000357
conbi ned code word. 27. Thé&7net hod of any one of the
precedi ng cl ains, wherein the second conponent code
word i s encoded by: calculating the parity-check bits
of the one or nore normal constrained code words; and
32hoodhagnethahoithryaine of ctimso tal3@fwhenan merdmg/errred)tatrednal

I OS890 50 0 AT 0 DS P ot

clai m 27, wherein choosing the candi date code word is
ase I Liy- t
Q g’g@g?étﬁfda&a&%#\ %ﬁ %gpe% mﬁ@%@g&ﬁqﬁg gg%r dza”(a %/ﬁr‘ds-mg the first
cemnqmmpedewqmammbri@rrma'swprenocﬁmgathe nmhequmstrmned code words
e next state fromwhich to select a
'Hégﬁ’{c?qg%%g&g%ge word. 30. The nmethod of any one of the
preceding claims, wherein encoding data words into
i rstr [
skl >EATIAPG AR VAL EAUDH SR AP0 o Ay e
Plurlityheformabganstrainad whdewords aseprecoded mrmfrh@boncatenatmg the
PRI SEHOARE &dGai
PRO PSR CRRRalBl Sadd Ay Wig RRARrt P hsfbanl Bode woras
Se@eEENSPecedi ng cl ai ns, wherein the nornmal constrai ned
code and the parity-related constrai ned code are

desi %ged in NRZI format.32. The nethod of any one of
381 ai rhe Meatlr e, claimetern B4 Wiensirpepdentonet faashelrim 27, wherein the

oké® B? b RSt B8lRtrafRe bBS wBAls 4r¥ pFé%loééﬁgn&rqa %Efgﬁl'apﬁdjthe parity-

code are designed in NRZ format.

checkikis32, wherein encoding the user data words into
the first conponent code words further conprises
&recodlng the normal constrai ned code words into the

ff B¢ mthodof anyippepéchaises 33 tociavhesdenameantquprineRsh £laim 27,
whBreft cHRBml) thé @érﬁ'&@a’ie c%@%@r‘ofbfttﬁ@péhtw?élét'eﬁ Y:oﬁ’gtrafwd'@de is

constrai ned code words are precoded prior
futhgehasedan the 'Q%EF%PG?%FW‘}P' é@n%ﬁféﬂﬁlcoééh@f‘i ai ned code
words into the normal constrai ned code words sequence.

35. The met hod of claim 33 or 34 when dependent on at
3T east Ne Matha claieite Whetainechassing therpandidrie pede word of the parity-

rélB8 bRt AL ICRRIR YDA G’H tﬁe M€ 6REEshiPIdsPpreb&ded normal
cal cul ati ng the par| tycheck
constrained code word

38. The-method of any one of claims 32 to 37, wherein encoding a user data word
into the second component code word comprises precoding the parity-related
constrained code word prior to concatenating the first and second component code
words.

39. The method of any one of claims 32 to 38 when dependent on at least claim 10
or 11, wherein:

the candidate code words of the parity-related constrained code are designed in
the NRZI format; and

the parity-check bits of the candidate code words are computed in the NRZ
domain, based on an assumed initial NRZ bit.
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bits. 36. The nethod of any one of clainms 33 to 35
when dependent on at |east claim 27, wherein choosing

WO bweosaaeh dat e code word of the parity-rel at edPCT/SG2004/000357
constrained code is furthes8based on the |ast precoded
normal constrai ned code word. 37. The nethod of claim
36, wherein choosing the candi date code word of the
parityrel ated constrained code is based on the | ast
49.t offhegagttod atanyorecafdeeipreceding claons wheraie thecpality-check

. - .of i 2 t0. 3 .

BREfuiniC ot R B Bhe RO ARy or e RheKuafindl = systemati
liseadecktodeode word conpri ses precoding the
parity-rel ated constrai ned code word prior to
concatenating the first and second conponent code _
4for dsThe3vethddhef elairhéifunthemsommisengafsing the pari2hieok B8ynomial or

. | -

R R AR LB ETGa Bl 8 berds i cor events o
doptirant giraeevenbdembinstianssif grsysterm t he NRzI format; and
the parity-check bits of the candi date code words are
conmputed in the NRZ donmai n, based on an assuned
42ni t i Ta¥e metog pt claion 4 TTivderain heddetéctethgrromevents ddiected by the

: E
B b et o BF S 21 BBfirof GR6iehPAR £t vent
ceEbinajionhefdnyrgitan system.a systenmatic |inear bl ock code.
4 1. The method of claim40 further conprising using
t he parity-check polynomal or parity-check matrix of
43. sy dtheragthed pf anyaenemfibpreserding olatis, sderelo theneambined code
VR REs 8VeRuatiBh cBRLTARARE ofd b= EXRIG=LoNbi nations of a
system 42. The method of claim4 1, wherein the
detected error events detected by the designed codes
4Q0NPITHaen@RYd Qhy oRdr thy B?ecf@&ing‘&@irﬂé‘,%rtﬁérrcghpﬁgﬁgtpajﬁ_ﬁigning the

.error event conbi nations of ahy given system

InRM BRI chHerStRka o the&laly We'dEi ng cl ai ns, wherein the
conmbi ned code word has a nodul ati on constraint of one

of dz1 and d=2, 44. The method any one of the .
48r ec @B MREtePdhPhaNY angraf Haa Presering slRimp, saseding theideata fonan optical
rédtPdthg fRAMBAt of user data into the data words. 45.

The net hod of any one of the preceding clains,

encodi ng the data for an opti cal '

46. The method of claim 45, wherein the optical recording medium is selected from
the group consisting of CD, DVD, BD, AOD, high-density BD and high-density AOD.

47. Encoding apparatus for encoding user data from a data source, where an input
segment of user data has been partitioned into data words, the apparatus comprising:

first encoder means for encoding one or more of the data words into one or more
first component code words;'

second encoder means for encoding a data word into a second component code
word; and

concatenator means for concatenating the one or more first component code
words with the second component code word to provide a combined code word, with a
pre-determined parity-check constraint over the combined code word;
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recordi ng nmedium 46. The nmethod of claim45, wherein

the optical recording nediumis selected fromthe
w@readp4eensi sting of CD, DVD, BD, AOD, hi gh- depsi/sg208D000357

and hi gh-density AOD. 47. Bficodi ng apparatus for

encodi ng user data froma data source, where an input

segMmevHerdlh thisGiie slrhdrelTRst dBRPBnERICbHE W@Rﬁd:dng:ﬁi@e @Ak dr more
first enc nmeans

words, the a atus conprisin

EPaIERESRREH ERRe BTt & NBmal RENSIEANed c9Ra@nt 1155489 or
canipenénticatie MR EdRYise8 AUDIVRNONS of & Barit{felBee RARStrdIRA Sode.
for encoding a data word into a second conponent code
wor d; and concat enat or nmeans for concatenating the one

480 MOhe dpblRituLETHMMET, fBBECcOMSHEhgw ﬁd&'m{ah" BorsstaMed code table

conponent . co rovi de ode word,
PRSRS Brr By of Rt Coybiding ende ROMR (BT whRD Log gyiophf the
noandli coastrainetbensodd isbessed t he one or nore first
conmponent code words conprise one or nore norna
constrai ned code words of a nornmal constrai ned code

48nd tThe appamtlds efeigaRgrdr 48pflethwoddingtiamgrd s&fy-telstedeonstrained

arlt related constrai,ned code. 48. e .
SR S enBfind & Pl e PRk BRI S i np irelea constrained
codel fomavhiedtheadput abthe paaityprelatedigpratrpined ahtdde i9&elected.
normal constrai ned code words from whi ch the output of
the normal constrai ned encode is selected. 49. The
s8pparTaewppafatus aiamy 4rie of cldBys 47Utot4ee furihenporngrighty partitioning

oRs b8 b3l PR L e B e TR 5 P e

constr ai ned code from which the output of the

St ity B0, SR B PHAGRIEPIS, L) Sl Do
MSATP rf¢rsiah:gla(bag thet payity-nloe akebits ©f thersetjbengeanftont ioo mang norinal

é%qd,[(%g t of user data into the data words.
e appara us of any one of clains 47 to 50,
further conprising parity-check means for cal culating
he | C of f one or. .nore :
520y e EBRa RS clrh S ol B RE BEE b IRefls S BpSrable to
redederth® Calculmrr:@rlty-d:l’lwk dis oo tee partgicheckameanssand output the

pgﬁtg-:{?lgt]e% ctoﬂs{r \Dgrd%%lsgal rgeﬂcf%%{lét%% 'ggltwgclﬁegl an&

arl Aeans. an
parity- related constralned code word based on the

5§.a| Cg‘#w@tgﬁgar%ﬁfs #%nggg%f %In% 475% ZTQIF\ vae‘ﬂf e%é%n%de?'yeans is

one erein enco
opeghle tb enepria alblhw one o theothta a/brdsmjtthenlneutofset Hatadepment and the

s rRbad ety bpible t82hEoREBETHhag dalfword.

54. The apparatus of claim 53, wherein the remaining data word is the last data word

of the user data segment.

55. The apparatus of any one of claims 47 to 54, wherein the second encoder
means comprises a parity-related constrained encoder.

56. The apparatus of any one of claims 47 to 55, wherein the first encoder means
comprises a plurality of normal constrained encoders.



10

15

20

25

30

35

second encoder neans is operable to encode the

remai ni ng data word. 54. The apparatus of claim53,
wobmseid28 he remai ning data word is the | ast dedtES@m0E000357

of the user data segnent. 36. The apparatus of any one

of clains 47 to 54, wherein the second encoder neans

{

o R SPoRRL 5 B 8 850 b ERERER 1Pt onocer

méansfare provisied inle sequance and iptividued eacquers ofl the firsbEncoder means
RS SRS AL SIS L o EHTPRER R, ) bcuve
peeMi@ibeancaeerrin ther sequensd ofeancbders, whig édatesrah encoder state from
W t\S'a@%@ B0%RHS 1 thd Fé\%ﬁé&tﬁlétcuﬁé‘rﬁ%% whkans and are
arranged"to recelve §Car g i nrorat i on passed
fromthe respective previous encoder in the sequence

f t
5\‘%‘1' iﬁ%?%%gﬁrath% gg'o?éitagﬁsf oﬁ%%@elrﬂ Is\%g&@cﬁ?ﬂcoder
MARANG ISvair @196580 repeivedplsavieg atateuﬁfoanynammsged fromi the figs? encoder
nﬁé%an§7wh|$¢‘ ﬁ‘{d aﬂast#erﬁ:%eg(gqal%rf&%j@/hcﬂ?@gaggtgs ?Jr{dmgeﬁgoée%ord of

recel ve oW ng state information pas rom-t
the payity- éﬁﬁ@t@dé@ns’f@mﬁ coghiferrencading sheceureant dataodud. st at e
fromwhich to select a candi date code word of the

parl rel ated constrai ned code for encoding the

S8ur r éryﬁ‘? apReatus ¢laim $8, whereipihasaseny efcoderaneamgs arranged to
oY}ﬁﬁxE RIlIBwink BtatE FRGIFh-RDE ARk fi'r"&%‘?aé%de? rRddndRGehe chfing Hehdxt

lowi ng'state information to t first enco nmeans
SP@We@Hﬁ§G?H§“%ﬁ@mﬁéﬁﬂag@ﬁhﬁﬁﬁ of user data fromthe
data source. 60. The apparatus of clains 57 and 59,
wherein the first encoder of the sequence of encoders

68f t HeempParatusf slaPs e and 5ﬁswa¢rp@rfgears¢ eneasiee plletspauence of

eheddePy\bitble fitsAbARcddl AHARS iCAratdbRYd réc(e@mtﬁ@%ué\%g Rebte
encoder nmeans for the previous segnent of user data.

informgtian QP4 fa@ruéh%ﬁecmg epRedesmeansifarthe previpuseegment of user
dbty t her conprising first precoder means for precoding
the one or nore normal constrained code words prior to
concat enation by the concatenator neans. 62. The

eapparmak lé%gﬁ’ﬁ‘atu%' Aiafy Bnd of YRRTEA totde e Bshn Wﬁ'&t precoder

rrean§ urther operable to receive at Ieast
JPregodingdhe Png ReMere RerEah FORSIARP A FERRrANOrdS prior to

c@méﬁaabngﬁt@&ﬁmc%%rh{éaﬁkl he first precoder neans
and sel ect the candi date code word of the

parity-rel ated constrained code based further on the
6al | aastappadfistdfenimis1! WRerin thB8e&dnd iR oREEREARTS further

nor mal, constrai ned code words
operabie to receive at least a portion of the or one of the precoded normal constrained
code words from the first precoder means and select the candidate code word of the
parity-related constrained code based further on the at least a portion of the or one of

the precoded normal constrained code words.

63. The apparatus of claim 62, wherein the at least a portion of the or one of the
precoded normal constrained code words comprises the last bit from the or one of the
precoded normal constrained code words.

64. The apparatus of claim 62 or 63, wherein the first encoder means is operable to
produce a plurality of first code words and the at least a portion of one of the precoded
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63. The apparatus of claim62, wherein the at |east a
portion of the or one of the precoded nornal

weonshi@ened code words conprises the |ast bitpET/ea200ke00357
or one of the precoded noratl constrained code words.
64. The apparatus of claim®62 or 63, wherein the first

"BlHRacohaan e W rmbies et arpiek pbiiedret brgoged normal

cbhstrghieecapdedvoed.mal constrai ned code words conpri ses at
| east a portion of the |ast precoded nor nal
constrai ned code word. 65. The apparatus of any one of
66l ai I"mlelh_;f)pbmtl%f ahyiohbef claiong47 i 649 fusthe o canprisigoskennd precoder
means for d| n -rel at ed
RS Toraredi et e SABeted pe B SE L e Rleb PSS rineto
coocmmalnalbgnhemtené&rm@ane.ncoder for encodi ng user
data froma data source, where an input segnment of
user data has been partitioned into data words, the
66nc oderercodarfosemyding yskudath ifroyn @tathi sostceewberdemsnpursegment
o?U‘g‘egddaibghéé“t?ee%}ta?u%ga’ﬁn{; AL Wdris tn & QR Fgcgrv\gr?sﬂweq:
WoT ds; a second encoder T or encodlng A Cdat & ot nt o
a seaqidatity wp st encoadedfonemabdingrite dataovardd tatirst cdnaponent code
atenating the first conponent code words with the
second conponent code word to provide a conbi ned code
wor d,a sgicohd angnder the eacedingeal dptarward inth eslecemheampennent code
W¥§'a nghe combi ned code word; wherein the first
conponent code words conprise normal constrained code
wor d: @ihcatenatontar congatenating g frsidenmoedentrode ewodriwith the
) ¢ .
< or AR B BPULS Shohy B {3 2 presdofermined
patecheek corpitraing pyerrthe agmbihedingdeowerdof cl aims 47 to 65
or t |
thg@eg\%iﬁ%eﬁrgtg%n?oﬂb cféﬁg w&lb?{f?% @%&. ﬂﬁgl n&%ﬁﬁ%né@(@ode
wmedﬁonu awrgormabmra@ed sddpand the- selvenk coropRNenbeetd Werd c@mprises a
ﬁ%ﬁ?eﬁongﬁﬁﬁ?@?&@e whrdgf %Zpg‘ﬁ J"%\'ﬂe&@éﬂ%ﬁhﬂea Qg@e
c catenation o Irst and conponent co
wor ds, the nethod conprising: decoding a plurality of
Irs {
6f7 Th%%@BQr%fJoé %{%‘ﬁ?‘épé’gr ?I?mgél]@uttggéfs @ggg%&g%@gﬁmee operable
apﬁ@fdmgrt@thed@ﬁﬁb@ﬁ@ anyoreohdaias 1dedpr i se nor mal
constrai ned code words and the second conponent code

vvord co rises a parity-related constrai ned
ethod of decoding a constrained parity-check code word into a segment of

user data, the code word comprising a concatenation of first and second component
code words, the method comprising:

decoding a plurality of first component code words and the second component
code word into a plurality of user data words;

wherein the first component code words comprise normal constrained code
words and the second component code word comprises a parity-related constrained
code word.

69.  The method of claim 68, further comprising separating the code word into a
plurality of first component code words and a second component code word prior to
decoding.
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code word. 69. The nethod of claim68, further
conprising separating the code word into a plurality

wo@boobis®es conponent code words and a second COPEDSERN4/000357

code word prior to decoding270. The net hod of cl aim 68
or 69, further conprising concatenating the plurality

f t.f t he. pl lit f .
7Becodte iR AR atbRk Rt ng e tehaia or auranty o
uaercdatén wocksomudiaut frioor thd edurality gf dédvedemdomndcoding direfirst aomsfnent

. | ai 8 70,
oK frpich ahe o BectRlsP R oBLod U r838a e e s ofd
conponent code words and the second conponent code

rd [ i.Ng. e .ai .
"fber abk A POREE M ciatfs o MEr TR cBupfifd Bugie precoaing
theofirsiscoampnehiecasiesmds sndihersenond cuepanenticaterwardtpsiot toe
d%%;m%ent code words fromNRZ format to NRZI format.

. e method of any one of clains 68 to 72, wherein

the conponent code words are in NRZ format. 74. The

79B1 Nl AetROW ofHimCH 1, ng}e%inggrsg gre%%dingqgé filsDc RS Ehde
the first conponent ¢ode words conpris ecodr ng

Worflsi arnddhe ise¢andsronempotiade verd eonvertd sheresrepbrent sedetwords from
' t] i Rdheat ed by the next code word. 75. The
N&N{}Ifﬁﬁﬂﬁ&%‘ﬁ%ﬁ%@ﬁof clains 68 to 74, wherein decoding

t he second conponent code word is based on state

gnf o i { oxdd ; VA T

T POy (e r Bk TS, W0 1Y mpfient e words
arein d¥idfar®at-i ndi cat ed by the next code word with the

know edge of the current code word, the decoders

uni quely determ ne the data words associated with the

"fur r 8Re MabRd Qg one pf claimebris Hy wwhefeimageasing the first component
c6dealv®ls @8mipAse Bec F’JliiUi_Qué‘l ff{&?:gm?%ﬁgrg;c%teﬁ%pdsbé(asﬁa ®n state

et hod of any one of clains e appar at us
infrmation dicatsd Ry the mextepdevasd and 67 or by the encoder
of claim66 or 67. 78. The nethod of any one of clains
64 to 73, decoding data froman optical recording

Teredi GRe Medod sy ene gh plaim @stor i Wietairipegpding the second
cEAPSHENREHRIWE 1§ bis &G KafeRARrMREh ih@iE&eagg%Tﬁ&& cBbie }Nord.

user data, the code word conprising a concatenation o
first and second conponent code words, the apparatus

76.0NPThé hidghdd 6f5c'lair9lercs9d/ﬁérem%@&ﬁbigi% ttﬁ’@%@@! iﬂ@gh&%n indicated by

plurality of first conmponent code words in
the next code word with the knowledge of the current code word, the decoders uniquely

determine the data words associated with the current code words.

77. The method of any one of claims 68 to 76, decoding a code word encoded by
the method of any one of claims 1 to 46, by the apparatus of any one of claims 47 to 65
and 67 or by the encoder of claim 66 or 67.

78. The method of any one of claims 64 to 73, decoding data from an optical

recording medium.

79. Decoder apparatus for decoding a constrained parity-check code word into a
segment of user data, the code word comprising a concatenation of first and second

component code words, the apparatus comprising:
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a plurality of user data words; and second decoder
nmeans for decodi ng the second conponent code word into
w@200s04692kt a word; wherein the first conponentPCDS&2004/000357
wor ds conprise normal cons#sai ned code words and the
second conponent code is word conprises a
parit th d < a20. The .
apparﬁzfl o%k%c?e?%&a%@%c%rr cpglqg ?r?er co (rjolf g%géoig%%ﬁnégw]egwords into
m@awﬁvf%ma@%awprdsgamme code word into a plurality of
first n ¢
wor d S ORERE 8GR PEEaing LSBT 5o o
user ga@ta woudit her conprising concatenatlng nmeans for
conc
fronﬁ@ﬁﬁégpﬁgth?) gi ers %@ﬁpeco rWBf%ﬁmﬁ?%BHEode
widpandine seoorkd mr@l@eahcbdmg weec cateprises @ mmwlatgd torestrained
SBE Yy conponent code word. 82. The apparatus of any
.one of clains 79 to 8 1, further conprising inverse
precoder neans for inverse precoding the first

S@Ormofrh%r}%r PR Y eﬁlﬁi @n%gggfsﬁgaﬁ 3l a&g)tghgsmg?ﬁ ﬁ‘ﬁgq& sgfaratlng

wor d to deco in

tmm@@ctq wordHrto jiarrhenalits ob fiest erfaporiest widyide and aseeord component
cbb& wor PR eS8 He words from NRZ format to NRZI

format. 84. The apparatus of any one of clains 79 to

83, wherein the first decoder nmeans is operable to

ﬂecod%etébﬁa atisSdt SARPANGRD, RAHE Mﬁ%u@g seg%%% means for

i ndi vid first conponent code words

PREFEIAING dhe P'HEﬂ"tY&%fé@eWt@ Merdseautp e bige thermdiralip of crw@ders for

d@@&ﬁﬁ@?r‘éﬁc&ﬁpcﬂ{éﬁt eitee Whrds kAl % detobier f%ﬁdeé@?iﬁ'f%ﬁhg SEH%
second decoder neans is operable to decode e secon

COBRRBAEFPIR WRES - wor d based on state information
i ndi cated by the next code word. 86. The apparatus of

claim85, further conprising neans for conbining the
82t at d NERPBRTRIHS SRy R8P CAEIBISXE torfd, fiisther eeaRIISiRG tvegse iprecoder

nid¥Rs kAW R§E0BreRbdihd thelst RpoR Rt 0B fbrdd By ﬂ%%‘é@@r'icﬁ

uni quely determ ning the data words associated wth
CPW@"’&‘%IFF@?\? WQB’OI%”%‘P decing: The apparatus of any one of
clainse 79 to 86, wherein the first decoder neans

éon'prl ses a plurality of normal constrained decoders.
THE aRppaus A slayp 83n¥)’h%fﬁ@ the invegserpyegasier is @oerable to convert

thedrapdhehheodEassras frdRCORE format to NRZI format.

84. The apparatus of any one of claims 79 to 83, wherein the first decoder means is
operable to decode the first component code words by decoding individual first
component code words based on state information indicated by the next code word.

85. The apparatus of any one of claims 79 to 84, wherein the second decoder
means is operable to decode the second component code word based on state
information indicated by the next code word.

86. The apparatus of claim 85, further comprising means for combining the state
information indicated by the next code word with the knowledge of the current code
word, the decoders uniquely determining the data words associated with the current
code words.
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nmeans conprises a parity-related constrai ned decoder.

89. The apparatus of any one of clains 79 to 88,
wopmsaidses t o decode a code word encoded by t hepaEsGmd4/000357

of any one of clains 1 to 46, by the apparatus of any

one of clainms 47 to 65 and 67 or by the encoder of

claim62 or 67. 90. The apparatus of any one of clains

79 to 89, operable to decode data from an opti cal

&7e c orlerappattiisuohany ohe oAcldirniieto §6 wheesirothierfigstalecoder means

C&Q@?i%i% E@%lﬁg&iﬁo\hﬁ%h&% SASeqNd.d Nto a segment of

ode word conprising a plurality of
normal constrai ned code words to which is concat enat ed

&3, p""r'l'.‘hte.ya'ﬁ)r S;a"{’ﬁseé# %g%%%ro?klgﬁ“rqs fé’%%?"‘%greﬂ {P’n% s%&gr‘?djgé oder
conpri Si 8 a plurality or nornmal ¢onstraine ecoders
neRngcoopEseha ppiityiralatedycopstraingchddcodenst r ai ned code
words; and a parity-related constrai ned decoder for
decodi ng the parity-rel ated constrai ned code word. 92.

8Pne dibwaranmiusost amypnewé clgimTioks, pperabledo decodewecode word
, ndi

RS Re R orgRF A1 LR ab it oF B 6 o

ciaime A de Bhene br oghy theegnsederdfisiaim 88 o7 hod of any one

of clains 1 to 46, by the apparatus of any one of

clains 47 to 65 and 67 or by the encoder of clains 66

%nd he apparaiyseoi@niong oflains 6 toci% prerable tb dperendata from an
opREA| $édordifg Riediuag Medi um

91. A decoder for decoding a constrained parity-check code word into a segment of
user data, the code word comprising a plurality of normal constrained code words to
which is concatenated a parity-related constrained code word, the decoder comprising:
a plurality of normal constrained decoders to decode the plurality of normal
constrained code Words; and
a parity-related constrained decoder for decoding the parity-related constrained
code word.

92. The apparatus of any one of claims 79 to 90 or the decoder of claim 91, operable
according to the method of any one of claims 68 to 78.

93. Memory means storing therein data encoded by the method of any one of claims
1 to 46, by the apparatus of any one of claims 47 to 65 and 67 or by the encoder of

claims 66 and 67.

94, The memory means of claim 93, being an optical recording medium.



