MODULATI ON CODING WTH RLL ( 1, K) AND MIR ( 2 )
CONSTRAI NTS I ntroduction This invention relates to a

worblemdoxsd converting a user bitstreaminto a e0UaBR005/052956
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bitstream by neans of a channel code where the channe
code has a constraint of d=l, to a coder for
converting a user bitstreaminto a coded bitstream by
nmeans of a channel code where the coder conprises
processi ng device for applying a channel code with the
constraint of d=I, to a recording device conprising
such a coder, to a record carrier conprising a track
conprising a signal conprising a user bitstream coded
in a coded bitstream by nmeans of a channel code where
t heMNAAREIN EERATCHHETH REL Clorst MR MR 6T GHNSTRAEYE bi t
detector for performng bit detection on a code
bitstream conprising a user bitstream coded in a coded
bitstream by neans of a channel code where the channe
code has the constraint of d=1, and to a pl ayback
deMb&BLsoNpPri sing such a bit detector. At very high

densities for. a = | onstralne 0 e syst.e

capacities l‘é%m}éenil?’& dsdea Bret hﬁ% %3? ‘C%g“%‘%/ Fr iy %éaﬁld‘giohaewded
25i(sBea byBhéims 8 dBaie) codé GG Clik chiteCbdé hiss: cansrainhef d=1, to a

Achilles' heel for .the hit- deﬁiﬁlﬁﬂtl on. ,Such Seﬂh% Iscode
ofoderfor Gepeering eI Yer LIPS OIS FRIIHY B2 p B Pt

afRer& Ak b&Wdr ohprikéy ﬂﬂ&essﬂ@&feﬁiﬁ@foe app[l}tmg althasned bldidetvothbl&: constraint
advant ageous.to limt the
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Figfs{reain e}fiﬁga%égg %m?egi%f] mAPe% cha g%dd(e: g{ the g’o%ﬁ}ﬁﬁéﬁ’%@&—l and

CRnSldyBadhide(iRepamticids Mchlaﬂﬁurdbt'éctatnSI tion Runl engt h) of

r =6 , which neans that the nunber of consecutive

m nimumrunlengths is limted to 6 or, stated

differentl )9(1; veikiglirdesisitiastiok @ @igt Incopftrained sRTage swsitem (eg. dapacities

;g}? i? {I %%lgnrﬂlg 2?%/?71 gﬁ}%glfB%yggigle 2?@? F’)g glél gy b blS consecutive 2T runs

5aré thé, A2B2les’ el tfdrahd bit-datection. Spctt shqueﬂbdﬂaf 2bnss bainldtd yslarger

Of ; ﬁﬁ%[]ﬁe%gﬂthsgigt %e?s%etﬁlr&? trauzs’\ﬁ%,f ore,n S{Pﬁns 0 1!0%' Q@Jallt)égeous to

I Rinft @duagth diyuch. 2 TNBu. ‘BliiglisB. geliral okseevation, land fs’mm newRs such.

transi tion n co
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chhannes, fpi. o t-910alms aEq-laal\].edlmmTR yqnstlramtt(ha)eNRZMlmmum Transition

g k}%@%@%% r %%? Wg}%g_n?e%gssﬁéartglb Sy mlb% 005 tggns%%giv{'j#ﬁprﬁﬁm %Iengths is

C Gféd 3i6rk, stifud diffeentlyethe ﬁﬂhmnmden@ﬂt df tige 2T-trgio issl2rchinme] bits. The

n a MIR constrain of -
B o o
17PP code. The basic idea behind the use of MIR codes

hat i<, 1 HGeRsare SRR EouBE AduuEthaL g S0

e bcsr@ﬁﬁnti Onglhzﬁlypﬂaé ok Epenee X TR) coisirkiet 4shigmduced by J.

uence ctors us d for h den »
i i BRI gh PGB R ok 1085 il g e
I rrmntacn@sbﬂ ®aghkriog Vo f32cNaSepu B399 a1 foomd =t (came, specifies
nost two for d = O has been described in T. N shiya,
K. Tsukano, T. Hirai, T. Nara, S. Mta, "Turbo-EEPRM.:
An EEPRML channel with an error correcting
post-processor designed for 16/ 17 rate quasi MIR
code” Proceedlngs G obecon1 98, Sydney, pp
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experinmental ly for high-density optical recording
channel s derived fromthe Blu-ray Disc (BD) system

wexpmrosesnt s have been perforned using the PCT/IB2005/052956
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i ncreased-density BD rewitable systemw th the disc
capacity increased fromthe standard 23.3 - 25 - 27 GB
to 37 (B. Thisparticul ar experinental platform has
been chosen because of the plans for standardization
of an increased-density system derived fromthe
current Blu-ray Disc standard. 2PRML (Viterbi) bit

detectlon been enpl oye next - enexat on
hibg waﬁmq@e Lofsanetie ey e N IR Y ) g icates 2
Si¢Ss B0 invthd bi-Polak EMinfie bAstRhin! chummntmen thE‘NRm ®ilstream, the MTR

bit-detecti formance. t is offe nel ., .
CERIBEH 0 AR FLDSGRLT PPt Bl O e o Ty opgin cn
VilkeeomBintd ek 8 GL-ednshidlst, eaichtassttis Bﬁ“Rbﬂﬁs&Kdlrm Himiththe number

sequenced anplitud rgin (SAM_. ana iS. .. .
PR S DO COEER A o PO LS [ s dea beind
(RAVERF MR Ediies Bt QlatindE the becaliell szbz%aideﬁ&qiaﬂémasha‘t\m those
as calculatlgn of the I\/basedh d tection lik J
SPAEe bWARY sy 2ey " SRR DR G ARk kelpo

{FQ%A—IQ séquenc%rcfete&\é(shsed f3r KiGAd4nkl}y) reécd(B]lg ASANBINSfteated 16 — 17
0 e a useru

t nce neasure since

r MTR cofe tigiting @eﬁa E?ﬁq SPnSeH e AR tigas th 2t f&%ﬁﬁm@gf? G fyag been
r 8ds@¥RAIn TaRNERySK. Tepasd, . ESrai T ONde] S3 BB Tulbd BEERRMIL : um
SAMSNR neans aFnDst 696d|sc capa0|%¥%éncr

B gk T e ST SOUPE Gy shermvsdep eascor fo/ 7 3R MShei MTR
=codled Pebckedhfll Glddééonb @BNSaER ap.ed0s-071@ardesot her . (Note

that the r = 1 constraint is the only one that cannot

be realized with a rate R= 2/3 code; a rate R = 16/25

I s assunmedrtiigyt dadtive dfmhd;frebem uﬁvénmpabﬁ)trﬁe b éthod bActmedrting 2
per f or mance i mp onstrain

P RS PEHERE B £GP DEE AR R 1o (o gpprovel the
dpdrfemant oMht bit-aétedtdrt det ect ors have been used: one

which is aware.of the. RM[R cgn aint, and t

whi oh o o adhite o Brarea gt pREering 4 ‘%s“‘an%ﬁS%‘é"‘m ifio p coded
C Bifstld€m BY ka3 W & chagndl @bde i§ chataberizadpn tiuiete dpacd cale has an
cqﬂ%enH of thg P £a witten on the disc (such that it

i addanpl onsigit idd=t o the characteristics of the wite
channel used). Wen the 17PP channel code with the

RMIR const nt.r = 6 as .use e

enpl oyed, %Ppiifﬁﬁaﬁf ‘ﬁggﬁﬁgb%89r§%ﬁ g?%nmguﬂWTR
Rw&amna& 1s&ﬁd pRMERﬂSI Ravaa Teukied ou’.teltaeebdlr&ults in@.impved bit-

?Rﬂ-tllr&? Ler%mr@ %rnrf:%e tlglglbeasgm\%r% asqﬁe ﬁ%Plchet Q?n&;u?n% y
Sﬁﬁ{ﬁbﬁd ®MTHR C&Ztrzd]lﬁ aad dordekpondindB 1mp1$vai:’d‘lﬂ deieetorf parfotrhance is
re and RMIR-unaware bit detectors

c8P*8%hondi ngly. As one can see, in both wite and
read channels, RMIR-rel ated SANBNR i ncrease of about

0. 150B i e
| eadi ngI f oggldggltoglamé%ﬁ/é%sﬁgﬁg? K2 838'{%’81’ tg%RMFﬁ( constraint,

Chafthed a aniteiobt thembackrdcking deritio (cara@vierk daptabes VBAMIRRML)
ovene h ect t.0 2.07 dB
Rl 95785 en gt GERREG ber op s s i e e G

RMIRunawar e bit detectors correspondi ngly, mhlch nmeans

a total S ain of, a t aS|n the
RMIR furt ﬁg?r ergaméiu? tH &g’f?ﬂfé’gssm}%gﬁas 8%‘1‘dS &any
S bgﬁhfnbﬁitalm foSfiBRERgiRy ﬁptlcahedoi’t&ngmﬁiiﬂeh;rdymveﬂl‘f&not\he Bhil-fay Disc

per s. det er.i ted becaus
o SBE oot RRt i bEE iRl oS hs BE TG Be Fon B rwriabl
disEstanbwitlthe dist bepadigl ihawis¢ifrath geutsdaod 23.5ax5 -d7 GBan (37 GB This
RMIRr =2 , the theoretical capacity anounts to: C( =
U=, r =2) =0.679289. ) So, a code with rate 2/3 is
still feasible. For an even nore aggressive RMIR
constraint r = 1, the theoretical capacity anmounts to:
C =U-= r= ) =0. 650902 (2) Clearly, a practlcm
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(SAM SNR, or, equivalently, about 5% of capacity in
the capacity range of 35GB for a BD system The

wobabdemanasg additi onal properties of the channePCTaBm®05/052956
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can also to be realized, based on the ACH al gorithm as
di scl osed by R L. Adler, D. Coppersmth, and M
Hassner, in "Algorithns for Sliding Block Codes. An
Application of Synbolic Dynanmics to

I nformati onTheory", |EEE Transaction on Information
Theory, Vol. IT-29, 1983 pp. 3-22. , a well known

techni que for the tructioon of a slidi | ock . cade.
wWParticulap greeHmeniy HH wd:een ¢ho %gg%ae‘s@&hen\:g%ﬁ ?o{égaegalrgga%on of
UgEihcrbdst & d Bk osydtdmGiBaveadtonbiht Syrrent Bleaty DR sthidlatd BRMOSf(Viterbi)
the ETM cod%Fas dlscédied b

K. K C. No d
T BRSPS NG N O SO P B e e
High oﬁ%ﬁlsrbéo)‘dlﬁ@@is&ﬂlk Wil Bl&w,lse'ﬁﬁﬁiﬂ fomahe iRipg@sd bit-detection

oRFOTBES Bt o B TRBHe G NIRRT [ pPeeBve

princi pl e p&fodaade bhitht VeterbyiiPdctebe hasﬂ'ébxﬁmhanas bishdion the

|t %g\*ﬁ%f:?fiaq I%lglf a@g&rllb %%%%%myl 515 2 B?WS computlng the error

eprdbabalt R (BAMEP)a: e WatpoiiTass Viesrbi 'Hbl;edftafa@ el ad @8culation of the SAM-
even-parity, and odd ' a wor ds are

nBe eﬂsr%@aéﬁnéfto PRES ré‘ﬁ% @&tﬁ%ﬁ@\?& %{r‘l BLBSf the

Finite-Sta w}c\]ﬁﬁimﬁ@ o Qfrint e 2RShVBRYE: [d

st at e- |nde§§n ent deiogﬁﬁggnugkhpreferably apply for

t BAMISSK ﬁr@veldltcrrbd a mﬁmperﬁrmmg akasore:sinict itican eotlated éuotbelpotential
for the deco ow t he F M si.ale f ar, C

e iR ar b e S Aol Tisieh e et 38855 ol ain in
MBANSMRE ihéns alposcerise cipacitt ihered€H- based

code-constructi,on.w e pec flc
case of cog %mﬁctoﬂest‘ﬂg‘ %@??’#%ﬁg%(’el?t\r/aém% opIZrt 2113 ana
Siybsg G Bebiy conipafedpaédch othba (Naothesthaw 1 cbﬁstldlnst Ltls:smdl one that
t hat have been desjg accor di ng .S con
nEtRePe Telieedn e ‘ﬁ‘%?s[? ?jﬁ’l &G a@o’ﬂ ? % Z? At B mS ea‘i iﬁl order to

E%aﬁat'c&eadtdh@rjl"xﬁt Ikbgibnﬁbmsh e sdidhengths impdisd RBITRE c$)n$iliain,t friem 10e

Bot ave an.8-10-1 .

R A e A e S A
C vaRA & awaey dFshe lBﬂTRMSI&tr@iht tinithé athgrerhidh-ic msts]lnrt}m setondﬁ:ase the
the first code,, the re e mount f SO-
s PSP gip CRLPe aﬁmPW% %2 orMPEH) Weftfal Bon“in g thg fata, written
f oh thelaBc saEOMmat icio déttewmbhhédh& t}mhaacttergms df HikGvrite channel used)
constraint, this i refI act
maxi mum corpth é‘ﬁt”@? leaﬂ’é rvg%%ﬂ%@ &g Esr?i?lélg{ or 167is used in the
e gy Serh) 18 B6lpBydd)BAMSHRS dfr1s I66 8B 6k dchieveddardmth RMAR;aware and
gip&e C%La\ég%élcdﬁ%ectzﬁog% gﬂ Fa\Fglpﬁlzrt)ﬂrng{lco rqglténr}se observed in the read
K ckeRRG i Waédthe clem@l code wadss: blisusvd, SAMENRhe 1asssumdd 11.72dB are
boundary condi tions (8- -12 mappi.ng, PP- er.t
P a1t e gk anare 38 RU{R e EE ol JRER 01 RO As one
A@T@deg% bdth Wfrlte\/ﬂﬁii @d’&ﬁ lcﬁa%ﬂafj MTW&&&B&WSNRﬁﬁcrease of about 0.15dB
propagation for such a code. In ord ai.n e
Abxs2i5d with eesprst odbrstera Rt oty lEAdmsdp rf%ffﬂ E?\mg%@oft But 0308

C@fehantdl o Qpfht # L8 tléa@@to% e?e %@&@er $AMIENRRInG AR e @G respect to
construction is outlined gatent Use469645- B2,

© e GOMOBIR of 12:1A5 2180d:55 IR A4S BBeYPAdy<s BULH-mware and RMTR-

Aquvr;a'r@tﬂ?detécfbfrsocro%ép'o QN AR RWHRS xﬁ&HQQtotaH‘ SAKIBNRI gaM%Sout 0.9 dB.
DC- Free Runl engt h- LT m t edCodi ng", Wm M. Cae

| @Eeearsrraﬁl@m%MTBrfsﬁl@n fromristinta * £ deesmohlepdto a%flgmﬂ@nf SAMSNR

"No. 4, pp. 1082-1087, Nov. 2000. A conbi-code for a

gi ven constraint consists of a set of at |east two
codes for that constraint, possibly wth different
rates, where the encoders of the various codes share a
common set of encoder states. As a consequence, after
each encoding step the encoder of the current code nay
be replaced by the encoder of any ot her code |n the

. T 4 o o o o a . a



of Synbolic Dynamics to Informati on Theory", |EEE
Trans. Inform Theory, Vol. 29, 1983, pp. 5-22 . This

wablowrisedsm has to be applied to the constructi saTaB20051e52956
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mai n code and the substitution code simnultaneously.
The main code is denoted C1; it maps n -bit data words
into m-bit channel words, and can be constructed on
the basis of an approxi mate ei genvector v., / =1,...
k+l that satisfies the inequality: t Dvj T vi , i

\, yk +\, (3) where the matriax Dis a (k +Y)x(k +I)
natrlx knomn as the_ adjacency matrix or caonnecti

iR T theosontraies e oerllisy e Perfcsmange ﬁgciééﬁfﬁor@r*rbfcaﬁra?? the increased
deste kdtdRSs for MK cadse SLALE RS Bisclsddd ih iR oG dikbubssh. code,
denoted C2 , we derive a simlar approximte

ei genvector inequality, that takes the two properties

Ofiort fne 1 SHPRITIRUE & ONthe ad6retichl éhp@(ﬁt@f&kﬁéhnts for each branch
(or transitiaon bet ween_codj n sta%,% there are two

channel wolcdé =hiketd 50 0&%84r i t {Pand t he sanme
next-state. W enunerate separately the nunber of

channel words oflength n2 (leaving fromstate s and
aBo,iadodeywith ratst A8 ds illdeasblreF @S PDpvantaere pgaressiay BV IRggonstipint

and ,t ds that have odd parity. W
reprle{sﬂgrtrlggt (gagg fﬁ% grrﬁ)gn ‘DE[n2]y and DO n2 iJ ,

respecti velG(d = F,dr@heléﬂ%éi@%tl of?)code, the

enuneration does not involve single channel words, but
wor d- pairs, where the two channel words of each

wor d- pai r Qiddy,appestdl eodeatithtryte 2rddfoar= 1vie that nd>trpesssbdﬂ“ms shown

t at he STD. F t hi. .
B e SrmEReR e e PP eas e B R oty - =20 =1,
deined Hdraﬁ)r)s dDEAgth Mand2 ke cldagy ﬂiﬂﬁrrgiursha&ﬂeewethe Ylter]ﬁ bit-detector

S bSt ] tﬂé’,\'}% qr}&l%g%e L g(ﬂ tﬂﬁmxrl%f:r runletnﬁtthf F,]tvi'a%{ 51des o{’ t%e gmrt 2T-

n&xﬁl} Thatfereathd fdﬂobvﬁngabpmuon écpss bt the casarr H2, for which we can
nstr cted o S e _ei genvect or
R R BT LT 570

J J , ko (5) For the construction

of a COan r oxi el

satisfy t &R ﬁ‘gs %‘8}“1 %g%co(iﬁ r?glnskr i Ss glf“{rg%]é?otvlqes improved

Theformepce médivhetn lon‘usad ®i orbgireanammase(mrm earap@emﬁeamomase in the
B A R T R (AR
SUbs tisd eabacity iiwoelee. and vi ce ver sa. I\/br eover, the sane
operation of nerging-of-states (as needed in the

ACH al gorithm can be carried out for both codes.

Desi gn Rul ®staflat deacriBéivn dfya dodewih ¢ hapdRh [RGB & opstrame ams2 .
of Rel axation of Design Rules for a Substitution Code
for the case that the latter is only to be used as
Parity- Prasemwe= @qﬂetyiﬁhmemmgﬁuuqotlé with glonterali@detrate as 17PP

l&& ?ﬁ}@@gp@h \émlg}tﬁlgl?l%r&w Strél er;? Possi{ble én —al I1sn?r01?osed io that the

p artrdtef;tcttmﬁtpwc&ﬂlamean vifghEovad dheah@fme[hemmm) quarkfified ac@f dB of

b e s fol For ch n - ut. wor d,

o G0 SR o et B B 7 G ey % 5 SEPHIORP 553. for o B0
paystdny, and the same next-state. The possible choice

bet ween the two channel words with opposite parity
represents in fact one bit of information: hence, we

coul d cons Hﬁefollbhing aa&tl@a}l‘prbpdriﬁbswfﬂle Mpélmgde(cuhbho tobe realized,

JENEE TR T FDINGL L M T —

paAigoythma bst hdng [mcekylloaes Anpyplicatsros S&mﬁolﬁdmynamlcs to Information
correspondi ng channel words have odd parity: thus the

code as such is parity-preserving. Now, in the special

case that we only use the substitution code(and thus

no concatenation with a main code is required), the

"sane- next-state" property is not required at all, and

can therefore be onrtted Therefore the10|nt desrgn

o Y p— o R



For the practical case considered here with the
8-t0-12 parity-preserving RLL code, the paraneters

woOehdeln3edse definitions of above as used for thecT/1B2005/052956
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substitution code) are: d I , r - 2, k =\2, n+l-8 and
nm2=12 . Note that these paranmeters should not lead to
any confusion here: the actual nmapping of the code as
a parity-preserve code is 8-to-12; the corresponding
substitution code (if it would exist), would have a
7-t0-12 mapping (wth two chansel words al ong the

br anches The invention wl]l now be sed based
ohb GPFYguIrEég Transgtier o nfppgron T hepry, ¥ok Irﬁjﬁog ‘i? ? o RP-dr %graa\’%’fn
f ownN&chRlglc £0HS kbitridtSn &f #3lidingHock cdde vﬁﬂﬂoﬁk—ﬁheQd decéding:
a first exanple, an RLL code s di

cd ﬁés(yfed:?aﬁqumapamg\(of 8 ygerbiits onfq 12 Fha.nné% ts%—l—»ﬁgntlcal to that of the ETM
Stk 8s diEAned by KnK@laﬁ\ﬁﬁaam N&dkL2hd ﬁOIwahﬁg@Sﬁi “Blight to Twelve

constraints is shown jin
Ve aHEondiseE BEahh IasioriLpEE. Thsirecs; BN 30, yov. 37
am)33N§fh ThhR, plpeewe-Fefst pi 060 e61; of the f| gure. An even

k -constral nt Is 0SSl| Ie as, wi |
| m%—ceéfebwa theparipyipresery Pm%clﬂ &as PFIISSI 7gﬁ %‘H’“f JB‘F‘f'Jmeans that the
ShatrRofuRbd wdrds ¥d 3MGnETordsSé @b@Rall a9 dtsheseE$Musf 5818222 or,

code, leading to a larger c IeX|t appr oxi
efgeTHFRLY. ahvppoparis: Diededirec sy {WEQ& BBty cBanet words
Shi dlidaigd Br 04k o€ Bd @nddtiinp stalee ofiBE Fiite-Pra@@aciing gFSM) of the RLL
p;&%erty, and mapping 8-bit synbols onto 12-bit

nel words, satisfying Egs. (6-7) of the above
c 0@&1&&6%1’1&&@{ deoddind1aGst pREmbOhPBTortie FSM to limit error-propagation:
{3.5,5,5,5,55,4,4,4,3,3,0,2 4,2 .
S i b B Secssdianyy bEF M oy il issa shapst word vas
ebigegdaect or, and subsequent state-nerging leads to a
final Finite-State Machi ne conprising 10 states. The
code-tables are shown in the table Ill. The states are
nunbered f me tEe ﬁaﬂléméiﬁal pradeéure @l ereCHHbasad eoder@heictipy will
| B i orghe whGR Gior oh-o et PRt Ry SybRhuenty,
gtwaephrisdufik €odas eﬂnhaiisaﬁsrsaf ihaelthvipeeh ldedigned paoidingtto Wos ehnstruction

endj,ngs as n Tabl e | bl,e
agthgdoap F%‘ie hgssmg]f’ %F%St@ﬁnl ﬁgl ki B T e REien s r&nlengfth
St@isesints @91, k*1GE@0d rS. BoS2cod @0ib0d dn 8O- 12Shappd@110daing tisObytes of

.Slbﬁﬁ_ﬁ’g 101&081)% esréf)deﬁ Et(ﬁ%d)ﬁqsclﬂa o1O éso %écsflgseégl theglé‘%&(' lgg’onstramt of

<thB fixst-cdd®, the keqfifped aSﬁmntS‘m'f,so-SBled stZte«plﬁﬁytg in1he' ACH afg®rithgewill be

S t he ) |
%f%t'hg@?o sg)ﬁ% @ roltlfﬁtt% ofe flgl?%elds@))r(l i .St¥u§ ?sll'lxjﬁfé%cﬂalgrl]ay the fact

t hat tb ﬁMﬁntuaiﬂompbmt ofabheelplptoxpmescngﬁneectcw cquals Syand$tforgthe first and

k d .
N e
t @wenvaueeioy thel k&omberama lkel9 ch;wsn‘elb witbindhe aFhianedértndgtyzorditions (8-

d ds on e c er|

cﬁdgﬁ;‘@ilpp\ﬁ%’ P’foﬁe%é\’ P! %8 fOWSt%QE@ uﬂglgqlefA
\A@lgdnithmswhinhileaattedlcreaseirabb@r¢gagatmndoraudlm@éﬂ of

| eadi ng bits of the next channel word. The comnbi nation

of a given channel word and its next state is
suf fi ci ent I edermod qxpdainythel mﬂeased]@demnse’scpi@n df prgitysprasecng

d&fgﬁ |ﬂi1ﬁ ??5%“8&0%%5 ¢ t emlgfgggrl%zlé tﬁ&cngn 5 %ﬁﬁ abI es

according to a speC|f|c gr oupi ng (see Tabl e II) wi th
respect to.t deci resent atl f .

gi ven (:hannef}g\}aotm(ljt 15%46%%@“3 v E'SHR tOieCs '\brll'%O& ﬁéslbﬁg%ﬁh&losed'
ardditibnad infetratier apbe fduhd in "gopibi-Eddes 6 m)(bErep 8suledgiteLimited
"next-states"” for that word. There are two sets, each

of 5 states, that represent the maxi num nunber of
next-states (the 1st set conprising SO S, ..., $4,

the 2nd set conprising S5, S6, ..., $9). I\Iote that the
fan -out of al | states |n each of both sets |s cI early

T 1 . . o s T . oy
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because of the RLL constraints). Table :11
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18 20 6 16 5 330 0 296 5 1032 5 1029 1 1316 5 1317 1
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of converting a user bitstreaminto a coded bitstream
by means of a channel code whes& the channel code has

a constraint of d=l, characterized |.n th t the ch
coislion e Akl 61 BhsAmediRs e it Bl b e Ra%?ﬁﬁ&ael
aor@s, 3hd'E skcbiill ifdqahIy for el AE patigchamel waidd hat sai d

channel code is parity-preserving channel code, thus
preserving a parity between user words and
cpf.responding delabinglclamiddds cfm 16)ehalvteaed inakp the c3de Has an
met hod as cl ai ne gp |n claim 2, characterized in that

t Hitopakriopstepdet ¥d2a sl i di ng- bl ock decodabl e channe
code obtai nable via an approxi mate ei genvector that
satisfies two |nequal ties .th ame tine, first
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I NReHealliktdondteint 6Fg=1pari ty channel words. 4. A nethod

as clainmed in claim 3, characterized in that the code
has an additional k-constraint of k=12. 5. A nethod as
cl@i med i nAGitaieretds asehanarih @lainZ €Tloi 18, tHagdctetizd ic ddethdiasie has
an addjtional k-constraint of k=10. 6. A nethod as
cPhtiet? P#PPE8ai m 4 and 5, characterized in that the
code has an 8- to- 12 mapping. 7. A coder for

onvertlng bi.tstreamin oded bitstreamhb
nméans of aAéWﬁﬁﬁgﬁeggﬂ?nWﬁgP%a%ﬁgag%ﬂé?C%gﬁgfn?g”meoyme
pelgieRIsitdp.devi ce for applying a channel code with the
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conver ti ng Atsipaluseprifing esﬁseelamréamt oodedhm acood@tbitstream by means of a
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pammiac@keﬁemMMﬂgmmﬂammehmnﬁdéz t hus preserV|ng a
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| fequistrhint e<i=at chm’aeerszadrm that e, chanfel croslt: hisree gdditionalcopgfraint of
evgp parity channel words, and a second inequality for

odd-parity channel words. 10. A coder as cl ai ned
in claim9, characterized in that the code has an

i tional k co stral nt of
¢ di
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conprising a coder as clalned in any one of the clains
7,40 12, i nput devi L

b?% ‘st 1 eam g.nracdo (?J el ias as C altn}‘?g n (éae1§1 3 !f*lﬂgatc{eg%r#§ ﬁlﬁtt tRee channel code
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am. on rd carrier
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conprising a user bitstream coded in a coded bitstream
by nmeans of a channel code where the channel code has
the constraint of d=l, characterized in that the
channel code has an additional constraint of r=2. 15.
A bit detector as clainmed in claim 14, characterized
in that said channel code is a parity-preserving
channel code, thus preserving a parity between user
wor ds and correspondlng channel mords of the channe
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addi ti onal k-constraint of k=10. 19. A bit detector as

clained in claim17 or 18, characterized in that the
woadms/besso an 8-t o-12 mappi ng. 20. A playback degraB2005/052956

conprising a bit detector as clainmed in any one of the

clainms 14 to 19. 21. A signal conprising a user

bitstream coded in a coded bitstream by neans of a

channel code where the channel code has the

constraints of d=l characterized in that the channe

code has an additional constraBst of r=2. 22. A record

carrier conprising.a track_conprising a signa
cOhpri si ngAdCQERTRITIT f‘%‘fl?l@ﬁﬁid“c‘gag‘@&“i ‘i]i‘gr&a%@gép %?tttgec Goda igs an
byddieank-Qbstaidt beenel code where the channel code has
the constraint of d=l, characterized in that the
channel code has an additional constraint of i=2. 23.
Agg.ecord CArdofd catBg ¢8R infelfin®AadhaRsteided ilhek thélcode has an
claim 22, characterized in that said channel code is a

5 padditfopelyreongiaint A TRannel code, thus preserving a
parity between user words and correspondi ng channe
wor ds of the channel caode. .24. A recqrd carrier.
cPAi med | nACPRTRIATET o s (LT O AOCREPITIE BN figioode
C aglQnisSo-a2 Sapslhd19- bl ock decodabl e channel code
obt ai nabl e via an approxi nate ei genvector that
satisfies two inequalities at the same tine, a first
inequality for the even-parity channel words, and a
second inequality for the odd-parity channel words. 25.
A record carrier as clained in claim24, characterized
in that the code has an additional k-constraint of
k=12. 26. A record carrier as clainmed in claim 24,
characterized in that the code has an additiona
k-constraint of k=l 0. 27. Arecord carrier as clained
in claim25 or 26, characterized in that the code has
an 8-to-12 mappi ng.



