I \WKYZ] e3e\\,mﬂlﬁmmmm|IWMner ation of a runlength linited digital
information s ! 6* The invention relates to an apparatus f30103/2003
‘generating a runl emwgen |inmted (RLL) digital information signal) the

d| gital information signal having a mnimmrunlength of d and a maxi mum
“unlength of k', d and K' being integers larger than zero and where k'-is
| arger than d’ and to a nethod for generating such runlength limted

* di gi t al Genewgtipmef smndengialimieddigtal infermation signmat.her rel ates to an apparat us
for and a nethod of generating a (d, k) sequence. An apparatus as defined in
the opening paragraph is eg. known from USP 5,477,222, documept, ;L in the
list of related docunents that can be found at the end of thi s SCI’I ption.

. 10 Runlength limted digital information signals obtai ned
coding an information signal are described in the book - l@% EHH@’B@EW%
for digital recorders’' by K A Schouhaner |nm nk, Prentice

, Chapter 5, docunment D2. Such runlength limted digital information signals

are gener al | \rhdémvenaadn telmos aoarcqiphets(fdr kineeanstd ainkedisiesited esL.) digitguch
sequences) expresseﬂ in NRZ-1 (non-return-to-zero- |nverse) not ati on, two
| ogi cal Infgpation stgna t&’%@lﬂé‘éb@&?ﬂ@“&? &1 28al ety e ol ot e dadti ve

' zer os’ n%g( ith€RghMeRinlo?asta g %nge,ﬂWmEH{j} PAE'U&‘Q%%I) 5Nc?whéleer19§s la&&r%anmSt

k. A (d sequence 1’ s norrra y conVertad 1 n"a precodi ng
obtain ﬁhmdmﬁmn@bd for gnntamlmmsﬁcmxmmtangm lxmgamﬁxoxthnnﬁammmursigallgtrheI | m ted

i nfogmation .si I tained fromthe ab k). sequence, ni nu

r unl ength&ngen g_\_;%eg)fcl?%t%goea&mp@f@tqs Red g ddif@gpcrgwag Pré@cmﬁﬁﬁﬁ‘?’ifﬁl &Rgt hs
of k+l GonseeYhi ¥&ideks uRVERAlRS RELHEH R o8 SHRNERSMATSEXRI9958did A}

not at i On%hl s pr ecodi ng O(SHE c}%; peqlugﬁce for %I]Z[?Saﬁ L’?""éc'isdcaﬂyﬁ‘z
exanpl e Dlripgb¢ tiss of melated@ntmng'(ththat mrt eaifdunfl ar thetendof diigdedcripaon.ng a ni ni num
runl ength of 2 and a maxi mumrunlength of 8. A choice of a specific channel
code, properly adopted to the physical channel characteristics) is limted

by the fact that the d-constraint is restricted to the natural nunbers 25

(d=0, d=1, d=2, ...). |t has been proposed in the past to rempve this
| i mlﬂatl on, Wn@LWghmned digital information signais obtained from channel coding an

information signal are described in the book ‘Coding techniques for digital recorders’ by K. A.
Schouhamer Immink, Prentice Hall, 1991, chapter 5, document D2. Such runlength limited
digital information signals are generally derived from so-called (d,k) constrained sequences. In
such sequences, expressed in NRZ-I (non-return-to-zero-inverse) notation, two logical ‘ones’
15  inthe sequence are separated by a run of consecutive ‘zeros’ of length at least d, and any run
of consecutive ‘zeros’ is at most k. A (d,k) sequence is normally converted in a precoding step
so as to obtain the runlength limited information signal. In such runlength limited information
signal obtained from the above (d,k) sequence, minimum runlengths of d+1 of consecutive like
symbols occur and maximum runlengths of k+1 consecutive like symbols occur in sequences
20 expressed in NRZ notation. This precoding of a (d,k) sequence, for d=1 and k=7 as an
example, results in a runlength limited information signal having a minimum runlength of 2
and a maximum runlength of 8.
A choice of a specific channel code, properly adopted to the physical channel
characteristics, is limited by the fact that the d-constraint is restricted to the natural numbers
25 (d=0, d=1,d=2,...). It has been proposed in the past to remove this limitation, by using
rational d-constraints. Reference is made in this respect to the publication by P. Funk,

document D3 in the list of related documents at the end of this description.



rati onal d-constraints. Reference is made in this respect to the
publication by P. Funk, docunent D3 in the list of rel ated docunent s3id3/2008
end of this description. 31 /03/2003 2 The invention has for its object
to provide a different alternative for an apparatus which is capable of
generating channel codes Wwhich fill up the gap between d and d+1 for the
traditional (d,k)FHedseshtiondas forlis @@mm@mme\m diffent alteshatBefor hn appdriies
invention, the apparatus_is characterized in that 5 the apparatus iIs
adapted to Q‘QH@? é?tcépgﬂ%‘# @EP%THBP&CW%“HF&WC&W@IGPJI“ th@r&?ﬁthCW%H Gnd d+Lsiee ghe
that a m ni nua(dial @NGidasddcddas digital information signal occurs isolated
from other m nimum runl engt?‘ns In the digital information signal. In
accordance W t h dnaecwdzhcasyigcs ficst ajpeet ofivhe iiviearidn, tthtea}q:mﬂﬁﬂﬁislmafzmrenzed in that
gener ati runlenﬁt I|m ed dlglt%lnforrratlon

h t he digital
’nf or mat pon 1 gppgrat %&?.aﬂaﬂ & 1 BAnRTALS maﬁn@hdmt@@aﬁ léﬁﬁﬂ’”ﬁa%@kﬁlgﬁ% such that
runl ength Of(ﬁ‘lr)iQO @RRnkth 19%‘\&"&10h tlﬁgﬁ{?ﬁnbﬁiglgﬂl dcBan 15%?5 &d %51 YREF Birfmuhs
| arger than charactefi zed i n°t appdaratus is a apte to generate
the runl engtrhn]lengths guthddggitahinfominiomsignah si gnal , such that a m ni mum

runl ength occurri in.the dlhgl tal information signal follows T(i)PnI a .
directly precedi rIB FEMPICGORMUT 2FGOPd ARgAT BF the inyenien AbeARRaTHR é??ﬁa?’&ﬁa

aspect of ”?Gnl'cﬂytﬁmrﬁxﬂi‘al)dl ing 1%%5@6#%48“@@%{3% F&%a@oﬁ%@n‘dphf’\nﬁ’& B minimum
limted digital Tnformation signal ormat 1 o si gnal - having a
speci fi d0m minigngthwilde arept hna!mdnamnaulﬁmquflknldéragdh bcfmg'ir)tegdnemgqrahfat z£0 and

f t Lengt hs the digit f ti
SPanel Sof o) SRR kR 1A e AR e B S ol e pSer b i eats B P& han
zero and Wh%ﬁleKOthllﬁnlkeﬁrcﬁeﬁaltlﬂ@ﬁnﬁkldﬁlmcﬁzha&ﬁﬁtt}%t'a%ﬁl%daﬁntrhﬁl%n&ﬂﬂ%c@mﬁ@ﬁch

further conpri ses neans enerating runlengths of d in thé runl ength
limted 20 d:hgutalamformmmnrmgn fol&iveprenly asiuchtlbt pmteénwmnﬂmglﬂehggdfshmdd

occur isolated from other suhrun en in the di |nfornat|on
signal. In accor Ol‘énagcéo\%a 8Pt asgg ithe ‘?rﬁbonr H\?@RP?J%h’ Phe“ehBHedt us
for gengmat Iragleaomunh,@dzmzhnémmotnﬂdn&s gbﬁﬂl thie 1 QTalMBifb @ikt DhGNeHal hatibe adpatifial
i nformation si gnal havi ng a specific n ni mum runl ength and a maxi num

runl engt h ofmigimunHanigparaad asneamym sinfgnsteells . henppsalyes semafisiig means for
runl engths i o f +H1

o "ar o’ nt egarEaf nl s BBt R CRIGHANR) stiha! F1eih € {2k AR wnédd
char act er i zemdiki at-dmteotehda@cpafaatzum dndrwinere kCBNPpMzesean ﬁBalnshimccegectb'rnahiatngc

runl engths of d FIL Ee runlength limted digital infornmation mgnaé,l, sugh
t hat such rc?rﬂpéﬁﬁis yriggr C&’“‘Rﬂéé%me%‘?ﬁ fﬁ%‘l‘qr?}\‘/ﬁarfb‘m&“a‘ihﬁéf:fily‘g BedeR gy limite
Gener at 8 p R o e LS i SR SR PR ey
isolated Id muh:lngtrhgbhd’ intthadidimi mf@mtaaxbedlgnuhl engt hs of length d), which

are normally forbjdden in a ur e An isolated Id runlength. has
to be surrounded ’ltS‘yaCF%ga'b‘ie’n‘@ ha ‘PH”g'h?J%PFl r\h%“tvﬁmﬁ’”jﬁ app'ﬁraw:ﬁg NG a
pure (d-1,k)nRlhghann&l dxeﬁgﬁ)]f&rnl%n@rpE’i%?réla'?ﬁéadngtalllqm?mbl?ror't’ﬁ%ﬁﬁ"lqiatvhﬁn@ipccxﬁc
Therefore, the cdpacity of the new (d, K) code

minimum runlength and a maximum runlength of k’, the apparatus compnsmg means for

25  generating runlengths in the digital information signal of length d’+1, where d’ and k' are
integers larger than zero and where k’ is larger than d’+1, characterized in that the apparatus
further comprises means for generating runlengths of d’ in the runlength limited digital
information signal, such that such runlengths of d’ occur only following a directly preceding
runlength larger than d’.

30 The invention is based on the objective to generate (d,k)-based RLL channel codes,
with the additional allowance of isolated Id runlengths (that is: isolated runlengths of length
d), which are normally forbidden in a pure (d k) code. An isolated Id runlength has to be
surrounded by two other runlengths In with n > d. In contrast, for a pure (d-1,k) RLL channel

code, the appearance of Id's is unconditional. Therefore, the capacity of the new (d.k) code



"3 with isolated Id's (called for short an iso-1d(d, k) code)) is between
the capacity of the traditional (d,k) and (d-1,k) channel codes. The 31/03/2003
Increase in capacity of the iso-1d(d, k) code conpared to the pure

(d, k) -code,. goes together with an increasge in the highest frequency in the
hi t - sequence) which equals 1/(2d+1) for the I so-(d, k) code, which is -

.between 1/.62dH rthe k -1,Kk).co
respecti\q/"/éthﬁgc.)]gﬁ)ef1 ?{i"g(ctélgéég&&héxgra g%0613&?’Eg%c%dg?ﬂﬁ;e!r)e:tu/t%ﬁ'iﬂ’flng%@tycfg]ﬁﬁ%e a RLL
di gi tal tradicionslt (i) asd ghalk) shdnhelecodks)i THehdrease e gigacy oflihe iSo-IRAKYLsdde
taken equal to the paraneter d introduced above, in order to bring the

cl ai ms i ROBBHES tiheypus (hk)rade ognss Eoga g Mithtaatinergase 10 thenighess figquesni in the
obj ects qf,_ IV, ] | | dat oW [y, f ol l.omin i.gure
doscr i pt iseaRerCBiRES B, Liahd) Setht RBAR BRagUrich i Beyi g fepd) dnid

i so- 13 (dA2d,(Kerahe paddd, k) rdi(de 1 R) sdtersretpeetiedigt e-t ransi ti on di agram for an
Iso-11 (d=I,k=z7) code), 15 figure 3 shows. the state-fransition diagramfor
an i so- 12(d=21%$ ‘%Bﬁ%’gdeéﬁ’iﬂoc* ﬁ%giuw@er&t ﬁ\é\%ém%l efé’lﬂﬁ)ﬁ‘“k&‘&“%f“@ﬁ@‘é’ﬁpﬂ&%’&i us in
accor dan | ; ' Iy ] [ el

practi ca?ﬁtgyaﬁmﬂ]lég%aﬂrug}é\?g{rhkg? ’odutrg héﬁc}ra bfgqél%ﬁb\@gpgc}gj t}%ﬁz@%@ﬁ%gp "E:H(;)d eg‘?d

| so- | d( dakgvec oderdemtolbemgriberclinionmsinwon formity piithgthe faboveusgumbintagont.o m channel
bits) have been constructed with the parity preserving property, so that
DC-control can be applied. Reference is made in this respect to USP
5,477g222, docunent D1 in the list of related docunents. Parity preserving
inplies that user words of n bits Iong) and channel words of m 25 bits

| ong) have t h&hssmandsahgriopjgoigaidhe ingentinn willntreeluaiflated below ia thefallowimgiul o

2) . Thi s 601, QPEK Nption, in which
figure 1 shows a state-transition diagram for an iso-11(d=1,k=4) code,
figure 2 shows the state-transition diagram for an iso-I1(d=1,k=7) code,
15 figure 3 shows the state-transition diagram for an iso-12(d=2,k) code, and

figure 4 shows an embodiment of the apparatus in accordance with the invention,

In the following figure description, practical examples are worked out for a number of
20  channel codes.

Iso-1d(d,k) code implementations with mapping of n user bits to m channel bits, have
been constructed with the parity preserving property, so that DC-control can be applied.
Reference is made in this respect to USP 5,477,222, document D1 in the list of related
documents. Parity preserving implies that user words of n bits long, and channel words of m

25  bits long, have the same parity (which is the number of 1's in a word, modulo 2). This property
must also hold for the substitution encoding tables of the code (with 2n-to-2m mapping),
which are used when runlength violations appear upon concatenation of channe} words by use
of the standard encoding tables (with n-to-m mapping).

Next a Rate R=4/5, iso-I1(d=1,k=4) Code will be described. The Finite-State

30 Runlength Diagram of the code is shown in Fig.1. The states numbered 1 to 5 in the state
diagram of figure 1 describe the normal (d=1,k=4) code. By going from the state 1 to the state
2 and back to the state 1, a sequence ...01010... is obtained, which is a representation of the
d(=1) constraint. That is: at minimum one ‘zero’ occurs between two subsequent * ones’ in the

sequence, expressed in NRZ-I notation. Further, by going through the states numbered 1, 2, 3,



fust ‘al so hold for the substitution encoding tables of the code (with

2n-t o-2m mappi ng), which are used when runlength viol ati ons appear uplads/2003
concat enation of channel words by use of the standard encoding tables (with
n-t o- m mappi ng) . Next' a Rate ‘R=4/5, iso-11(d3l, k=4) Code will be described.

The Finite-State 30 Runl ength Di agram of the4code is showmm in Fig.l. The -

states numbes ethrll sk B the sleh1 o HoBeteadbagdRiof | GY Eencky@BSGHER e B&n AR
(d=I, k=4) code. By gomgfromthe state 1 to the state back to the
state 1, a sewgpueaoe four. ‘9ot .at massowht béthedn twicaisecgiva rcﬁmsesxemeestqmcmfh can
t he d(:l) o nst r ai nt is: t m. nj one " zero' occul.s, between
subsequent P%HES that, HJPPHQ ff&ﬁ‘&:eml%m%eéﬂeqcﬁ qunglqb[lggqe ﬁequgﬂF? ’r'?é’rbtamed
by goi ng thrlpd,qg,bg paiggatct

back to the stat eﬁlﬁpengihgue)sﬁtence .hﬁgié%ﬁg%gﬁ}nu.m ?i!l %ﬁ%&g&eﬁt’v‘é}%@ ﬁn @&Q(m
repr esentss tINBZknotasiosd,raai nt: - § . . zemcbes+a{ m)st o,crcapecbmlyeen t wo
consecutive ° onersHt' ir}ltlhe se%ue ce. It _.can be ]ts Eft“ on 1T recgdi ng
thi's TVRZ-| sequeRicn i REGRGY Iher anet ST b8 Jentenabiglsnaithcrnsiraipty

runl engt hs ofurAberibf Bhdveesive z’é‘ﬂé’esﬁhef’@%' ﬁWaﬁo%‘t‘Bﬁstf%nt“cﬁﬂ%@%‘dPﬂb&é?of éd&@csswe ones,
synbols (in S NRZ notation), . + . oo .

T+ ..., whishsbeuldapyexcped aa"ﬁhlswmhbzeddy fsidmg theataje rapabqredirlorﬂmmngthroucvh

traditional run n t r ,of CCeS |ve er.oe th
< now al so SHCUBEIARROBRERHE R fBr B VTR Lo ERERY LR B O S
exceed 210 Thitstei2sak&plehzeed. @}/1oadqu)eteh%bﬁﬁ@heuaym«frpe@toamg,Bﬁsg&ungm the
t hrough one of the states nunbered 2, 3, or 5, viathe state 1 and the

state 1', an@FcyFEmes YAAKN©d 1t oo .10 5t tte. 2) a sequence ....0110.... has

been obt ai ned: ~Upgp, &L BEPEAGLAG LT RLET LESAL gl £106,5856 Uptegcnq% I b eitiion

equal s C=0. 8t raﬂm—@adeus piRlE@REAtedd Micleasy of 956 €. RﬁO;s&Il(dMSk%)deet Wgich
code efficiency of 9S.S % An iso-I11(d=l,k=3) code, which has a nore severe

constraint OMASA MPEGYCTE SORSIER A5 1 Jeads L@ 0apRgiy of S5O 943 dBuchaapde 5 ths oble
1S real i ged Wofil Ay b 95 STRBRLAS:

The standard conversion rules for the iso-11(d=1,k=4) code are shown in table I A and
table I B. The table I A is the conversion table for the conversion of the even parity words and

the table I B is the conversion table for the odd parity words.

20
TABLE I A: Standard encoding table for even-parity channel words of iso-I1 (d=1, k=4)
code.
4-bit input word 5-bit channel word
1. 0000 00011
2. 0011 00101
3. 0110 00110
4. 1100 01001
5. 0101 01010
6. 1010 01100
7. 1001 10010
8. 1111 10100




The standard conversion rules for the iso-11(d=l,k=4) code are shown in
table | A and table | B. The table | Ais the conversion table for tBe&03/2003
-conversi on of the even parity words and the table | B is the conversion
table for the odd parity words. 20 TABLE | A: Standard encoding table for
even-parity channel words of iso-1I (d:1,5k:4) code. 4-bit input word5-hbit
channel . . .

wor d1. 00d6F ot 1B c¥aatrrtrsodinedabledss edduisity shanpelieyts 2605l 1 ao
| bol 08. 134410100 3 1/03/2003 5 TABLE | B: Standard encoding table for
odd-parity channel words of iso-11 (d=1, k=4) code. 4-bit input word5- bit
channel wordl1. 000l 000102. 0010001003. 0100010004.

.~10000101157111001T101T6 11011001 %7 - 101 1"“"‘8 o T Furttrer
substituti pn tables are neededH 3, th al ﬁdt he var k?t@b e’ évloﬁ?s acr pss
t he boundafi es of consecutive ¢onverted words. The|table Il A corrects}|for
the runlength violation otherwlse occurring when concatenating sone of{the
even paritylinput words) nore sPeRl ficall y “when corh@ﬁ@’éhatl ng the i npul
wor ds nunbered—t—and—7,—or—when atemattng—tihe—] wotr-gs—t—afrreh 8)
or when cngatenati ng the inpuf Oms 6 and 1 or whgﬂi(zoncatenatl ng th

i nput words38 and 1) of the tabbepd A The mddie ¢ohgo Tn the table 1 A
shows that|{the runlength violations are in the faormof three directly

successivel # ones' or in the fol@®f five di rectly dletlessi ve ‘zeroes'

D

assumng t e converstronTm—accy I?Wuﬁvvi th—the—rtt blYOlIh tabt-e
6. 1101 10011
7. 1011 10101
8. 0111 10110
S

Further, substitution tables are needed to maintain the various constraints across the
boundaries of consecutive converted words. The table II A corrects for the runlength violation
otherwise occurring when concatenating some of the even parity input words, more
specifically when concatenating the input words numbered 1 and 7, or when concatenating the

10 input words 1 and 8, or when concatenating the input words 6 and 1 or when concatenating the
input words 8 and 1, of the table I A. The middle column in the table Il A shows that the
runlength violations are in the form of three directly successive * ones’ or in the form of five
directly successive ‘zeroes’, assuming the conversion in accordance with the rules of the table
I A would have been carried out, The right column gives the substitution sequence. It should

15  be noted that the second 5-bit word in the substitution table is not included in the converted
words of the tables I A and I B. Therefore, those words can be used as an identification, upon
decoding, that the two 5-bit converted words should be reconverted in accordance with the
table II A.

Table IT B corrects for the runlength violation otherwise occurring when concatenating

20 some of the even parity input words from the table I A with some of the odd parity input
words from the table I B. Table II C corrects for the runlength violation otherwise occurring
when concatenating some of the odd parity input words from the table I B with some of the

even parity input words from the table I A. Table II D corrects for the runlength violation



I A woul d have been earned out. The right colum gives the substitution
sequence. It should 15 be noted that the second 5-bit word in the 31/03/2003
substitution table is not included in the converted words of the tables I A
and | B. Therefore, those words can be used as an identification) upon
decoding, that the two 5-bit converted words should be reconverted in
accordance with the table Il A Table Il B corrects for the runlength
vi ol ati on otherw se occurring when conc#tenating 20 sone of the even parity
i nput words fromthe table I A wth sone of the odd parity input words from

the tabpihervise oqedpTRg Vaenceqngatepiing spae af ke eddpasiiyinpuy wordstfram tiot tableli se

occurrigg when concatenating sone of the odd parity input words fromthe

table | "B with sone of the even parity input words fromthe table I A
Table Il D corrects for the runlength violation 31 /03/ 2003 6 ot herw se
occurri opcatenating sgne of the odd panty input words fromthe
Cabl e 1 1B BERRE &7 PREs(T8on efradlng etbupng pami o oS Lk Erdheoth of
i so-§l (d=l,k=4) code. EE-indicesoriginal concatenationsubstitutionl.1
//7000 11100100010 11000 12 1//8000111010000100110013_ ~6/1101 1
000001 10 1 00 11 000 14./&H-indices 1 000001 arigieall 001 000 1| SWBLiEitidn B:
SubstitUtion encodi ng tahl e: EO concat enat iconco';E iéo-l 1 (d=[L, k=4) code.
E~-i ndi desori gi nal _concatlenati onsubst it ut |01 <4/F80%%111001{00101000012.
"11/7 1Q001 1 10101001 1q1 10013.11/800012§1011 000110110104.6// 10 1 1 00000
| 00 1 1-00-1 1 0 1-05 811111010000010101001 1010
1. Yi7 0001110010 0010110001
2. 1//8 0001110100 0010011001
3. 6//1 0110000011 0100110001
4. 8//1 1010000011 10100 10001

TABLE II B: Substitution encoding table: EO-concatenation of iso-11 (d=1,k=4) code.

EO-indices original substitution
concatenation
1. 1//6 0001110011 0010100001
2. 1117 0001110101 0011011001
3. 1//8 0001110110 0011011010
4. 6//1 0110000010 0110011010
5. 8//1 1010000010 1010011010




31 /03/2003 7 TABLE Il C. Substitution encoding table: OE-concatenation of
iso-11 (d=Il,k=4) code. OE-indicesoriginal 31/03/2003
concat enati onsubstitutioni1.21/21001000001100100100012. 3//101000000110100010
0013. 3/120100000101 1010101 10014.3113010000011001 0101 10105. 4/170101

L 1001001 100110016. 4/18010111010001101 100017. ~6117 11001 110010 1100101-
.10108.6//810011101001011010001 TABLE_I1 D: Substitution encoding table:

OO concat enati on of iso-1I (d:I,k:4)7code. 00-i ndi cesori gi nal

concat enati onsubstitutionl. 2111 10010000010 1001001

1010Z. 3//10100000010010001 100I 3. 31/20100000100010001 101l 04.

141 / $ABLEI0013dtistidd d@0 edodirig (2630 DE-concatenation of iso-11 (d=1,k=4) code.
.11010101010100016. 41/801011101100110010001?. 6/1610011100111011 011 0018. 61 171
00111010110110110109.6/1810011101101001010001 Summari zi ng, the advantages
of the R=475 1so-1 1(dFlorE.mafdes COOE ar e: original/ 03/ 20038 Suﬁﬁﬁgﬁ A dTTeEppi Mg
. (4-t0-5) and substitutional mapping (S{to 10) conpatibl ¢ w yteori ent ed
erron correction) and error-propagatloncomﬁﬁy“ﬁuuurs mhan t he substltutlan
t abl ﬁb durimg decodi iy T votve—two bUbW resstve—bytes—tHowk—vatbe—thus
limted intersynbol-interference (1Sl)} and proper clocalng 5 - DGC-contfol
via parity preserve pﬂDﬂbipIe - relatijod yosi owlcel encodiong) 6 8b] 89.0 Next | a
Rat e [ R=6/Z—i-so—}1{d=+1k=7} code will be describhed. The flinite-state

|.|.\u|,

runl édgt h di agram of {Hd/ tode i s shown pd‘#@@ ©00rhé st&@éé)ﬂgnbﬁﬁébll to 8
int state diragram ¢f 4 gure 2 descri \u- By
going fromthe state 1 t%tthe state 2 ang(%acka?dqﬁg t he sta{g E?%%1

sequgdce . ..01010. .. By/bbtained mhi o liG0@ oerkdent aijon; of 1 thha @(=1 }

const r ol QCcCUrsS hnf weadn twn <itheeaniient

—t

5in the sequence,

ones' 4dibr essed |n N Oﬂ(hbﬂaﬂpéhloFurqﬁérboﬁylg@#ﬁb
throygh the states numaeygd 1, 2, 01011 101 ®0and Ry {0 tate
1, alsequence 01000000010 ... is qe%erateé mhlc% rerrgse%?s ? i |

consfai nt: seven ‘zerééé? at nDst occwﬂ(hbl%eéﬁ(le conSéﬂthvBlDldhes' in

15 t hre—seauernce—+t bi seen—that er—4+ precogtrethi-s—NRZ-1 -
sequé ce, qa runl ength E/ﬁ?ted sequenée Wgﬂbggarﬁédyﬁavﬁnd(}hhpehapﬁ%lof at
m ni mum 2 and at nmaxi mum 8 runs of consecutive TTke synbols (Th NRZ
notation), or . . . . +- -+ . . . and . . . + - - - - - - -+
r%spectlvely It can further be seen that, apart fron1the tradltlona

runi ?RgtL@‘. ﬁ%‘:sélfﬁiti%t%rpghctolaﬁlg table: OO-concatenation of iso-11 (d=1,k=4) code.

OO-indices original substitution
concatenation
L. 2/1 0010000010 0010011010
2. 311 0100000010 0100011001
3. 342 0100000100 0100011010
4. 416 0101110011 0110100001
5. 4717 10101110101 0101010001
6. 4//8 0101110110 0110010001
7. 6//6 10011 10011 1011011001
8. 61117 1001110101 1011011010
9. 6//8 1001110110 1001010001

Summarizing, the advantages of the R=4/5 iso-11(d=1,k=4) code are:



20 nunber of successive zeroes, there is now al so a constraint on the
nunmber of successive ones, which should not exceed 2. This is realizeto¥g003
addi ng the state nunbered 1'. By going through one of the states nunbered

2, 3, 4or 5 .viathe state 1" and the state E;') and going back to the state
2, a sequence ....0110.... has been obtained. Upon 1T precoding) this -
resul ts in tRendAaUHARPNEE4%o-F) dndRubdtind:i ingaBAags ] ; e
equal s C=0.8732. The code i npsla)emant ati %tﬁlorﬁagrsn-ggﬁlrngﬁg%l?-—lgyg@%&%ﬁtﬂﬁll?tlhyli%g?-di ng
a code effi @riened eoPr OBTEUOR, FHeererpropazdtiemonlyi argurswies thesutbstieutcodebles

shown in the tables L1]. nd 11l B. .The table Il A discloses the
conver si on (Sifmggéjﬁgoéjé?gl ’1”9"‘%3\%9 SRS ﬁi’%s converted words and the table

11 B di scl a3ew K-Wud; o Simsitein@isynitd1 25tdrBRhEL YISTBM pi¥pefSiockindl/ 03/ 2003
TABLE Il A Standard encoding table for even-parity words for isSo-12

(d=l, k=7} cod&§-centselivia parily PrRsetve-principdhannel

wor d1. 000000 . 00 3.00010100010014. 001001 0001010S. 010001000
11006. | ooooiggl%g%‘g%‘”g’gg%‘%’gg%%%%% 00101000101009. 010010001 100010. 10001 000
1 101 Next, a Rate R=6/7 iso-I1(d=1,k=7) code will be described. The finite-state runlength

111.001100010000112. 0101 0001000101 3. | 001000l 0010014. 011000010100015. 1010000
101 01 116. 1 Howmsaohireqpds 15 shormindia.8obog gaes oembeEd 1tod in the state diagram of

023 10101 | IBOLT 065k HerBTBbdbacen) Hode BV Ite Bss Spug o 6 1gue 2 and back
10127. 1101013 (HON0028a 3eh0bdd210100013.29s bbincd, which is a representation of the d(=1)
1001101010130.111010101011031. 1111001011001 32. 1111111011010 31103/ 2003 10

TABLE |11 BCoBbEithal Bt chHHRNURBNG ‘26 QSaUrs PaFYRep WOrsyBsaayent senes2 in the
(d=l, k=7) ¢

or 1 oomoo 2T s b Ba T OUSHT SoBhbah BORS toeize BBAMELBES RS RrSEhbGhe:

| 1016. 100000001000@amd bhtlow thelsiase Dal seqli@rk o). 010000010 Qolsadenataed] 0dklo011
00111.00||O|OO||O|0%2 ol ol ol.ol 0000913. 10010101000I o , .
114. 0110010 FERFEEPPISE & FOBYE 0/ 19467 6219850 61 DPEHERS ¥ b6 qn R SRS EAYE. (P6Y I

ig%gézﬁgéﬁl&%oo thl%g%%%{{’@bl%&n%&tohﬁ?&#ﬂ@%il&%&mﬁ%@%@@é1 sequence, a runlength limited

| 00100010124c40:hto H1a0gaddRavidd Ablmt06| e 26nihhio ACho @l SheR7um RAnd 0011002
8.101111101000129..1101111 1(?0 03Q..111011101010031.1 11 1,0 11 0 1 1 000
32 111110 CONEEPERe kesyén ol§ g8 goigygon),or. ... +--+... and.. .+ -------- +..,

respectively.
It can further be seen that, apart from the traditional runlength constraints on the
20  number of successive zeroes, there is now also a constraint on the number of successive ones,
which should not exceed 2. This is realized by adding the state numbered 1°. By going through
one of the states numbered 2, 3, 4 or 5, via the state 1 and the state 1°, and going back to the
state 2, a sequence ....0110.... has been obtained. Upon 1T precoding, this results in the
occurrence of a run of 1.
25 The capacity of the RLL code equals C=0.8732. The code implementation has a rate
R=0.8571, thus yielding a code efficiency of 98.2 %.
The standard encoding rules for the code is shown in the tables III A and III B. The
table III A discloses the conversion of even parity input words into converted words and the

table III B discloses the conversion of the odd parity input words.



Furt her,

concat enation by the standard table,

t abl es,

the runlength violation problens which would arise upon free

are renoved by the substitution31/03/2003
shown in the table IV Ato IV D) where the table IV A sol ves the

problen1mhen concatenating even parity |n9ut words fromthe table 111 A,
the table IV B sol ves the probl em when concatenati ng even parlty wor ds f+om

the table Il Awth odd parity input words fromthe table |1l B, the table
|V C sol VESBLIFSIIPAG Bk81d t the
Lable 111 T ApAs, &*’.“?3%“%8%?“&‘8?& s&?;‘?ﬂ%‘m@ PR JRLER=T] @Rl 0P
|V D sol yes—the robtenmrwiret IIL,d.L c:ll 11 Ot ds—from-the, tabl e
11 B. 3&%60/2@634%2 FABHE b&’ %L:?nflnnpgll%ﬂﬂﬁﬂnqﬁﬁﬂd

' EE- conc atepati-on—for—jiso-1.1-(d= |1l( 7\ code FF_indicesoriginal

concat enatlionsubstitutionl. 1 0/00000 0000101
2100110112000001001001011001092.010/1/1220011011100p00A0®1Q0L011001103. L0/ / 230
-0l 10 111160010000100 10110l 00D4.ALODO/124 001101{140@LPAQ@OOI00I0OITIOION0S5.1 O
Il 250011@1110010110010010110310060%0 TT 26001 Z[®001010
111001101801010011I001017. 1011 éqqyeﬁqL£1ULUUUUUULpgﬁxgﬁ?zﬁ} 810—7—2800I
10111010w§ 0001001101009 p(jqﬂﬁﬁﬁilu1£1u¢u1 ¢6ﬁﬂyafyr;u—eﬂ 03D //
300011011 u101166616¢uu¢:u;¢) 1 H—34+001+164 ]

| 0010011046126016122-20 1+ 32880 b1 P01 101 ooor 16881108413 1 5 11 b10
10101110080010 100010110010118015040 2501 010111000611001 6010110011016, 15 1/
2301 01011.£200010001 0001011010091 8% ¥/ 24010101110011000@1M0010110101p17. 15
/1 250100 0011 00101101 0001011001 01O 08. 15 |11 2G01pa011A0QL | 010
100100110010119. 15 // 27010108 ol 10p@000010010011D§T, gl®g® 15 TT 2801 101
|1 O 1001191001I001I1 OT 00T Oﬁi)ibOzQUlUlUL IO TP Q00T FOTo1oR2. 15
/1 3001 O3 TTOT0OTIOOI001I00T 0100, 01 00100,

10110023 tgzro¢u¢wi011161100'ngﬁgmmi“““““'24 15 QA 839 014110410100 1 O

| 0001 | 0GHB25—1F+1+—16416008 101010001104 J{))E 1 L1 20110000
00001100 Aiggnl 10101027 18 1 006001 001110000010 94hB1 Y 0110028 1 /1
22011001116000100110000110010139 480 2301100111 0pH1EDOL P0D0011001103p. 18112
4011001116@! 0000110000110100180. 181111 2 501 | 0DPA110DA@ILO 11000011p1 O
1032.18 118260110011100 | 10101 0 0@Q0110110033. 1B0A/1 0011
27011001110100000110110110010%34. 48 11 T 280 11001‘@1qy99bh0& [ TOTIPOI
1035. 18 [hp290110011T0I0I0TO 6qLIPHHUI00I3G. 181 quq}*uq; T10t 01100110l
1011010l 21 I8T1I3T0T1001T10t Y HV 16416116638 tﬁ 80 Lﬁiioeliiﬁil 100100
i 1011006 +39 25—+H+—21+1661+6 uu;;u89109-1; 0 —25 1

22100101 2:'\990!01 000300110011 :U%OE 231001 O YZSMQFFQL 0010011
100142_213'2 q 941ﬂﬂ1n1J1nn1nnhiﬁhh9éd11 Q1 0104R!9H G 00

251001 0112A0101110001001101 1@ 18 4703/ 2003 13| 44 0500/0 261001011
10011011083000 110010145.25 |1 02710®@101 | 1 O 10p0OXODAAQOD 110011046} 25 //
2810010112601001 11001000 1101Q0M1@7.125 Il 291001P1id glP1@®1011001000 I

1 0101048]2%. // 301001011 101013QiPp@L000 II011I004 1@5(5004;1001011 Z

110012 Of3g000 TTOUTUISU. Z5 1T JFLQQLOIT TOTTOIOIYEGOPH LIo0TI052727) / /

2101 0000 goﬁiluiﬁiﬁﬁﬁﬁ I1613EC 2316106t fpaﬂii¥rﬁ%6100na ++

| 0054. 28 —224+634664+3+—1+066604p+HH1 01611604 061455-28 2341010011
10001001,291%9 11001105428 W19 TA8 10011 10010089 1 A13010 11 0 10 157. 28
|/ 25101 0831 10010111010110 11d10h08%€8 28 /7 261006611 1 0100011011 01011p 1

| 0110059{33 |1 271010011 10 | !1dood10d11010 110010060.12B0//0 28101001 1

101 001110l 1010 110011061.28//291010011 1010101 1011010 1101001 62. 28 |

3010100/ 1 10101101011010 110101063.28 // 311010011 10110011011010

110110064. 28 |
B: Substitution encoding table:

321

O 10011 10110101000110 1100001
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for iso-I1 (d=I

31/ 03/ 2003 14 TABLE IV
k=7) code.
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/1 250011011100100100101001 | 000016. 10/I260%@10111001010001010011000107.10
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1100

27,

011111

1001100

28.

101111

1010001

29.

110111

1010010

30.

111011

1010100

31.

111101

1011000

32.

111110

1011011




31 /03/2003 16 TABLE IV C. Substitution encoding table: OE-concatenation
for iso-11 (d=l,k=7) code. OE indicesoriginal concatenationsubstitutBbth¥2e03
/1 2100010111000001 000101011000012.4 11 220001011100001000010101 ! 000103.4
/1 2300010111000100000101011001004. 4 // 2%900101 [ 10010000001 01011011015. 4
1 25000101 II OO I O I 1000110011000016.4 11 26000 I O 11100110100011001

.1000107.4 // 27000101110100000001100 11001008.4 //

2800010111010011000110011011019. 4 // 29000101110/ 01 0100010001100/ 01 10. 4 //
3000010111010 Fugigoothe oeniammh yiplation preblgrne odidiiwawd aoisa 0po1 Hc0Iarga@ohtion, 4

10010000008 BFTUB DRG0 TTHTEL e Sudiblisactien ShomLILUsHUB I dus Y P

21001001 W$&@Q99&@QMQOQQbhh9u&g&aﬁe&ﬁ&maﬂﬁﬁeﬂ&&iﬁ@ﬂﬁéﬁFﬁﬁgﬂﬂ@kkﬂiﬁiﬂ@%¢ﬂe/I
23001001110001000010000110110018. 7 /1 2400100 | 11" 0O 100000 / 0110110010

119. 7 1 w=bbodbbithedadio 1Y dosadves|thamrpblsim when qoncptepgiing G PRO Words dronpshe

1001011018 F1b33" % FEBEES I 10RO Bl Ro kot R Y G0 BBt

010110001 #Bén t3dda@Ghat@dbodd pdritd 101 00 idsfrémn 1HOQBRAII B O1M ebvkn PadQARRR. Words
3200100111011010 014 10l 12 11 10 10000000001010 .
10101011082008 .t@ it Az@fdé@tﬁgf‘s%%@felyfé fhgRsoblemopherergcatsnating odd parity

301 000000 g%g% 0130.12 // 4010000000010/ 00101010110101031.12 //
5010000008%%%%%%% 01%%%%%920032.13 I

2101000111 0000010101100110010133. 131 122010001110000100101100110011034. 13 //
23010001110001000101 100 I 10100135.13 /I 2401000l
1100100001011001101 01036.1 3 11 250 100011100101101011001101 10037.13 |
260100011100110101100101100101 38.13 /I 27010001110100000110010110011039. 13
Il 280 1000111 O 1001 10 110010110100140.13 // 290 1000111010/ 0I1 O 110010l
10101041.13 // 300 100011101011001100101101 10042.13 I/
31010001110110010110100110010143. 131/ 32010001110110100110100 11001 10

31 /03/2003 17 44.22 1/ 21100001110000011001010110010145.22 11 22100001

1 100001 01001010110011046.22 11 2310000111000100100101011 O 100147.22 |
24100001110010001001 O 1011 O 1 O 1048.22 |l 251000011100101110010101101
0049.22 Il 26100001 110011011001100110010150. 22 |

2710000111 0100001001100110011051.22 11 ? 8100001110100111001100110100152. 22
Il 2910000111 O 10101100110011 O 101 053.22 // 3010000/ 1101011010011001
10110054.22 |1 311 00001110110011 O 10010l 10010155.22 Il 321000011101
1010101001011001 1056.32 Il 21101101110000011010010110100157.32 //
22101101110000101010010110101058.32 11 231 O 1101110001001 O 1001011 O
110059.32 // 2410110111001000101 01001 10010160.32 // 25101101110010l
1101010011001 1061.321126101101110011011010100110100162. 3? |
27101101110100001010100110101063.32 // 281011011101001110101001101 10064. 32
Il 29101 10111010101 1011000110010165.32 // 3010110l 1101011010110001 1001

| ©66.32 Il 31101101 1101 10011011000110100167. 321/
321011011101101010110001101010  31/03/2003 18 TABLE IV D: Substitution
encodi ng tabl e: 00-concatenation for iso-11 (d=l,lc=7) code. 00

i ndi cesorigi nal concatenationsubstitutionl.3 //
100010000000010000101011001012.4 // 2200010111000011000101011001103.4 //
23000101 11000101000101011010014.4 /1 24000101110001 100001 01011010105.4 11
2500010111 001001000l

01011011006. 4/ 1260001011 100101 00001100110010I 7. 41 12700010111001100000110011
001108.4 // 28000 I 01 110 / 000 10001100l

1010019. 41129000101110100100001100110101010. 41/
30000101110101000001100110110011.4 // 31000101110110000001000110000112.4 11
3200010111 O 11 O 110001000110001013.6 Il 1001000000000100011000110100114. 6
|1 200100000000100001100011010I Ol 5. 7//2200/ 0011 10000110011 00011 011001 6. 7 |
2300100111000 I 0100 10000110000117.7 // 2400100111000l
100010000110001018. 7 11 25001001110010010010000110010019.7 // 260010011
10010100010000110110120. 7112700100I 11 0011000010110110000121. 7 |
2800100111010001001 011011000102271129001001 11010010001011011001 0023.7 //
3000100111010100001 0110114110124.7 // 310010011101 100000l 10101100001 25.7
/1 3200100111 0110110011010110001026. 12 // 101 0000000000100100110110001027
.12 1 201000000000 I 000 loo | I 01 loo | 0028.12 // 30100000
000100001001101 10110129.12 Il 40100000000101 101 01010110000130.12 |
50100000 0001 z010101010110001031.13 11 2201000 | 1100001 101010101

| 0010032. 13 //

2301 0001110001 010101010110110I1 33.131124010001 110001100101100110000134. 13 |
2501000 | 110010010101100110001035. 13 /1

PN LA LNA PN NLNA A A PNPNA P NA PN NA PONA A LN NA A PNINA PNLNLN IS A P~ J 1 - ™/ NA PN NLNA A A PN SNA A PN NISNA N A A SIS A A D A PNA N A P~




19 44:22 /1 24100001110001101000110110110145.22 11 2510000l
10110000146. 22 11 26100001110010101001010110001047. 22 |
27100001110011001001010110010048. 22 |

110010011001 O

31/03/2003
28100001110100011001010110110149. 22

29100001110100101001100110000150. 22 |

3010000l

100110001051. 22 // 31100001110110001001100110010052. 22 //
321000011101101110011001101101 53.31 // 110110000000010! 010010110000154. 32
/! 22101101 TAJROE1YV1A190hitaionko&slisg table: EE-concatenation for iso-11 (d=1,k=7) code.
23101101110001011010010110010056. 32 // 241011011l 0001101010010110110I 57. 32

29101 10111

110101001011
321011011101
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docunent D4

R=213 of the

Di agram of t
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al | owed) on
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state 2 to s
passi ng al on

the 10 m ni m

equal s C=0.6
a code effic
table V. 3
k=10) code.

wor d1. 00000l

. 11101000 Ru.r

of sonme of t

tabl e. Those| &®&nbi nations of 13/@6 input | 0101011 1001101 | 0100100 1100101
19. 15/ 27 0101011 1010000 | 0100100 1100110
20. 15 /] 28 0101011 1010011 | 0100100 1101001
21. 15 // 29 0101011 1010101 | 0100100 1101010
22. 15//30 0101011 1010110 | 0100100 1101100
23. 157/ 31 0101011 1011001 | 0101000 1100101
24, 15//32 0101011 1011010 | 0101000 1100110
25. 17/ 1 0110000 0000101 | 0101000 1101001
26. 17/ 2 0110000 0000110 | 0101000 1101010
27. 18// 21 0110011 1000001 | 0101000 1101100
28. 187/ 22 0110011 1000010 | 0110000 1100101
29. 18//23 0110011 1000100 | 0110000 1100110
30. 18 // 24 0110011 1001000 | 0110000 1101001
31. 18 // 25 0110011 1001011 | 0110000 1101010
32. 187/ 26 0110011 1001101 | 0110000 1101100
33. 187/ 27 0110011 1010000 | 0110110 1100101
34. 18 // 28 0110011 1010011 | 0110110 1100110
35. 18 // 29 0110011 101010t | 0110110 1101001
36. 18 //30 0110011 1010110 | 0110110 1101010
37. 18 // 31 0110011 1011001 | 0110110 1101100
38. 18 // 32 0110011 1011010 | 0100110 1100001
39. 25 /] 21 1001011 1000001 | 1000100 1100101
40. 251122 1001011 1000010 | 1000100 1100110
41 25//23 1001011 1000100 | 1000100 1101001
42. 25 /1 24 1001011 1001000 | 1000100 1101010
43. 25 7/ 25 1001011 1001011 | 1000100 1101100

251 O 110
261011011100
110111001100

11010100100l

101010101001100

1110010011010 Z

01059.32 |l 271
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F,LL signal could have been recorded on an optical record carrier) such as
an optical disk 60a. Wilst the invention has been described with reB&0daee
fo preferred enbodi nents thereof, it is to be understood that these are not
limtative exanples. Thus) various nodificatijgns may becone apparent to
those skilled in the art) w thout departing fromthe 20 scope of the

I nvention) as defined by the clains. As an exanple. The invention has been

been encodeat SR LL 4B o BBTe o R reR ik farolor @iy code

wel | applici lued signals ere mis |larger than 2. Further,
the inventidn lies in each |dHd iediessy novel | éwiginal e and copdibséituten of
feat ures. 31/03/ 2003 22 Ll ST OF RELATED [D¢oudMeNaBohD 1 USP 5, 477, 222
(PHN 14.448)| 5 (D2) K. A. Schouhaner |nm nkj Coding Technipgues for Dgita
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5. 10 // 25 0011011 1001001 0010100 1100001
6. 10 /726 0011011 1001010 | 0010100 1100010
7. 10// 27 0011011 1001100 |} 0010100 1100100
8. 10// 28 0011011 1010001 0010100 1101101
9. 10 /729 0011011 1010010 | 0011000 1100001
10. 10// 30 0011011 1010100 | 0011000 1100010
11. 10 // 31 0011011 1011000 {0011000 1100100
12 10// 32 0011011 1011011 0011000 1101101
13. 14 // 1 0101000 0000010 | 0100010 1100001
14. 15//22 0101011 1000011 0100010 1100010
15. 15// 23 0101011 1000101 0100010 1100100
16. 15// 24 0101011 1000110 |} 0100010 1101101
17. 15// 25 0101011 1001001 0100100 1100001
18. 15/ 26 0101011 1001010 | 0100100 1100010
19, 157727 0101011 1001100 | 0100100 1100100
20, 15//28 0101011 1010001 0100100 1101101
21, 157729 0101011 1010010 | 0101000 1100001
22, 157730 0101011 1010100 | 0101000 1100010
23. 15//31 0101011 1011000 | 0101000 1100100
24, 157/ 32 0101011 1011011 0101000 1101101}
25, 17/ 1 0110000 0000010 | 0110000 1100001
26. 17/ 2 0110000 0000100 { 0110000 1100010
27. 187722 0110011 1000011 0110000 1100100
28. 18//23 0110011 1000101 0110000 1101101
29. 18// 24 0110011 1000110 | 0110110 1100001
30. 18 // 25 0110011 1001001 0110110 1100010
31. 1817/ 26 0110011 1001010 | 0110110 1100100
32, 187/ 27 0110011 1001100 | 0110110 1101101
33. 18// 28 0110011 1010001 0100110 1100101
34. 18// 29 0110011 1010010 [ 0100110 1100110
35. 18 /730 0110011 1010100 | 0100110 1101001
36. 18 // 31 0110011 1011000 | 0100110 1101010
37. 187/ 32 0110011 1011011 0100110 1101100
38. 24 /1 1 1001000 0000010 1000100 1100001
39. 25/122 1001011 1000011 1000100 1100010
40. 25//23 1001011 1000101 1000100 1100100
41, 2511 24 1001011 10600110 1000100 1101101
42, 257125 1001011 1001001 1001000 1100001
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31/03/ 2003 24 5. Apparatus as clained in anyone of the preceding clains)
characterized in that it further conprises nmeans for recording the 31/03/2003
runlength limted digital information signal on a record carver. 5 6.
Apparatus as cltaimed in claimb5, characterizgg in that the recordi ng neans
are adapted to record the information signal on a magnetic record earner.

7. Apparatus as clainmed in claim5, characterized in that the recording

means are ad4MABHEIY Cos‘nmnudomeﬁcdmﬁgtmw OE.-&Jridatdnalion F6r Q-1 £ &d=1T,RED Dde.
carrier. 8. Method of generating a run ength limted digital i nf or mat’i on

signal) the @igital 1nforna : at—havi T O T t—of—d~—and
a gaxi%un1ru1lgngth of k') gtﬁgﬁgkg bei ngl1 Bﬁ rs: IargenéPﬁd%h%gPo and
where k' is larger—than—d—eharacterized Isonqaenq!gy 15—#ethod—conrprise
the step of generating—the—tun \ﬁnﬂfhiin‘iimd rhmtaﬁlnfnrmaLiﬂr‘L signal)
such that a ,Mng //121 he digit pO@@drlr%)DOQﬂn S @9@5@1%1;@0@1
i sol ated fromather nininum rdMRéngt hs in_ 1 AB0H1di 108001 hf 0r0P8E 0 Khl KI0§H@ .
9. Method of |enerating a rur£adth |im ted0dditialoo0ndomr MEODOOI G powaby the
digital 20 ip#ormation signalg haying a m ni gomaunigengsd 9ofood10endi@ 101
azxinug]rynl<ggth of k', d [apgok™ Derng "Bé@ﬁﬂﬁ‘ﬂﬁﬁgﬁleQ@B1ﬁﬂi?uﬂﬁ@1LJ
ere is [groger tnan d ) CiALgetrerized t et tHe
step of gene gngllg the— UIII) ,lfiﬁuzgr Hr-t-et—ch OQ] ?11 1 i ++ ((')fQO'IJJ :fhl‘ %IQ"‘I
that a mni eru%meH1ee“'A"ZJJthQJ“ llun £il 0L} mﬂmﬂ}ms
only a direclBy preceding rif B8t h | arger | PAGHDI 101561 i | 0BT HO1 1101
generating a Puniength Lim{etd/dPgital infbPARLAIdN(S04MAl | GOREORD §iGCHD!
i nformation silfnal havi ng a| M Midfum runl engOBOENd ) 108X Myrd00LGOE hich 10f
k') the methodlconprising thetgBep of genelaborm irwniiengt hoodmoddeldliogi t gl
information sijgnal of Tength 4,3 0001011 1011010 | 0001000 1101010
13. 6/ 1 0010000 0000101 0010000 1100101
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15. 71121 0010011 1000001 0010000 1101001
16. 77122 0010011 1000010 | 0010000 1101010
17. 71123 0010011 1000100 0010000 1101100
18. 71124 0010011 1001000 0010110 1100101
19, 71125 0010011 1001011 0010110 1100110
20. 71126 0010011 1001101 0010110 1101001
21. 71127 0010011 1010000 0010110 1101010
22. 71128 0010011 1010011 0010110 1101100
23. 7129 0010011 1010101 0011010 1100101
24. 7 /130 0010011 1010110 0011010 1100110
25. 71/ 31 0010011 1011001 0011010 1101001
26. 71/ 32 0010011 1011010 0011010 1101010
27. 12/ 1 0100000 0000101 0101010 1100101
28. 12// 2 0100000 0000110 | 0101010 1100110
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32. 13//21 0100011 1000001 0101100 1100101
33. 13//22 0100011 1000010 0101100 1100110
34. 13//23 0100011 1000100 0101100 1101001
35. 13//24 0100011 1001000 | 0101100 1101010
36. 13//25 0100011 1001011 0101100 1101100
37. 137/ 26 0100011 1001101 0110010 1100101
38. 13//27 0100011 1010000 | 0110010 1100110
39. 13//28 0100011 1010011 0110010 1101001
40. 13//29 0100011 1010101 0110010 1101010
41, 137730 0100011 1010110 0110010 1101100
42, 13//31 0100011 1011001 0110100 1100101
43, 13// 32 0100011 1011010 |} 0110100 1100110
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10y6$109%& () - & YA0%& () -! N& 94.0% 5;

5& () - Y0%& () -! XV0YESESE () - ! XY 0YEES () - EFGSWOMN/
109% & ()-syF" 10% & ()-S#10% & ()- snt 10%& ()-: 10% & ()- Y(f10% & ()-
10\ YvdEMN/ .10% ss 10% & ()-L 10% & ()- 39P% & ()-S910% & () -
L10% & ()-vVAEMN 10% Y9409% & () - L#

31/03/2003
10
SF 1 10% & ()-

10% & ()-| 440% & () - 3@ 10%6& £9 - Lt 10% & (10ood 11026081 (0 - Inod&Td 1101101
10% /1 10%% 1)~ - T ETUAG50) 25 +# IO & 10680111 1300 00dr )T
o ) oo, A0t L Dot 1001016, 14001010 o010
Si1j " dBYNC 100 22T hog (. ¢ | AVAGH 1 100110 T AODTOT0 1100100
, 48, 221728 1000011 1010001 | 1001010 1101101
49, 22 /729 1000011 1010010 | 1001100 1100001
50. 227730 1000011 1010100 | 1001100 1100010
51. 22 /7 31 1000011 1011000 | 1001100 1100100
52, 227/ 32 1000011 1011011 | 1001100 1101101
53. 31/ 1 1011000 0000010 | 1010010 1100001
54, 327/ 22 1011011 1000011 | 1010010 1100010
55. 32//23 1011011 1000101 | 1010010 1100100
36, 32 /1 24 1011011 1000110 | 1010010 1101101
57. 327/ 25 1011011 1001001 | 1010100 1100001
58, 3271 26 1011011 1001010 | 1010100 1100010
59. 321727 1011011 1001100 | 1010100 1100100
60. 327/ 28 1011011 1010001 | 1010100 1101101
61. 32 /7 29 1011011 1010010 | 1011000 1100001
62, 327/ 30 1011011 1010100 | 1011000 1100010
63, 32//31 1011011 1011000 | 1011000 1100100
64, 327/ 32 1011011 1011011 | 1011000 1101101

Next, a rate R=3/5, iso-12(d=2,k=10) Code is described. This code has a rate between
R=1/2 of EFMPlus (d=2,k=10), see document D4 in the list of documents at the end of the

description, and R=2/3 of the code disclosed in document D1.

5 The Finite-State Runlength Diagram of the code is shown in Fig.3. It can be seen that
apart from the traditional runlengths 13, 14, ... I(k+1), now also runlengths I2 are allowed, on
condition that they are not preceeded nor succeeded by another 12. This is outlined in the finite
state runlength diagram by going from state 2 to state k+2, emitting a 1, after which two zeroes
are emitted on passing along state k-+3 on the way to state 3. Continuing from state 3 on, the

10 minimum runlength is an I3. The capacity of the RLL code (for k=10) equals C=0.646057.
The code implementation has a rate R=0.6, thus yielding a code efficiency of 92.9 %.

The standard encoding rules are shown in the table V.
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() - 98109%&& () 1981098 () - 000 1 01
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7981008 -(%)-9&1%9 R B EolBY 600l i i e SR ER B P eyof the 3-bit
89&109&E’ () 1Yk Qs lﬁ%cn%iaog/&(%n@ ds@%@m%a@t%&ﬂeoel@&c(c)oﬁxﬂﬁatmns of 3-bit input
&9&10%&& () - 9&10%&&( 9&10%&&' g 9&10%&&' () - 0000000 _/, 4/ K7:

2981098’ () YoRADIREIYOn-ioghombke V) argigho vigketath 9ivinmme (e reomyey by t@enmbinations

&9 &10%&&! 0% 9. &100R&, &10%&&!
Z" 10988 ()(g%fg‘?’ (‘%gfa%/ﬁﬁﬁtﬁfﬁi@ﬁékh k7. &9 &(12)%&' ()- 9 &L0%&& ()- 9

810%8& ()~ 9 BL0%RK' ()- #3AE9 &10%8& () RLS1VL[ 1f 1qlr 1|\ 8, 4/ K#3A&EY
&10%&& 8} 9 &10%R&. 9 &109&& () 9 810K ()~ H3AGr LWL-11111"D, 4/ K#3A9

&109&k& (V- AZBHEMb stlsu.thp OIS t@j)le iso-12 ( k=10) code.

input word channel word
1. 000011 00101 00000
2. 000 101 00010 10000
3. 000110 00100 10000
4, 011 101 01001 00000
5. 011110 01000 10000
6. 101 110 01010 00000
7. 110 101 10010 10010
8. 110 110 10001 00000
9, 000 111 00001 00000
10. 001 101 00010 00000
11. 001 110 00100 10100

It can be summarized that the advantages of the R=3/5 is0-12(d=2,k=10) code are:
- rate between that of EFMPIlus (d=2) and (d=1) codes.

15 - DC-control via parity preserve principle.
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1. Apparatus for generating a runlength limited (RLL) digital information signal, the

digital information signal having a minimum runlength of d’ and a maximum runlength of X,

d’ and k’ being integers larger than zero and where k’ is larger than d’, characterized in that

the apparatus is adapted to generate the runlength limited digital information signal, such that
5 aminimum runlength in the digital information signal occurs isolated from other minimum

runlengths in the digital information signal.

2. Apparatus for generating a runlength limited digital information signal, the digital
information signal having a minimum runlength of d’ and a maximum runlength of k’, d’ and
10 Xk’ being integers larger than zero and where Kk’ is larger than d’, characterized in that the
apparatus is adapted to generate the runlength limited digital information signal, such that a
minimum runlength occurring in the digital information signal follows only a directly

preceding runlength larger than d’.

15 3. Apparatus for generating a runlength limited digital information signal, the digital
information signal having a minimum runlength and a maximum runlength of k’, the
apparatus comprising means for generating runlengths in the digital information signal of
length d’+1 at minimum, where d’ and k’ are integers larger than zero and where k’ is larger
than d’+1, characterized in that the apparatus further comprises means for generating

20  runlengths of d’ in the runlength limited digital information signal, such that such runiengths

of d’ occur isolated from other such runlengths of d’ in the digital information signal.

4. Apparatus for generating a runlength limited digital information signal , the digital
information signal having a minimum runlength and a maximum runlength of k', the
25  apparatus comprising means for generating runlengths in the digital information signal of
length d’+1, where d’ and k' are integers larger than zero and where k’ is larger than d’+1,
characterized in that the apparatus further comprises means for generating runlengths of d’ in
the runlength limited digital information signal, such that such runlengths of d’ occur only

following a directly preceding runlength larger than d’.
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information signal having a minimum runlength and a maximum runlength of k’, the
method comprising the step of generating runlengths in the digital information signal of length
d’+1 at minimum, d’ and k’ being integers larger than zero and where k’ is larger than d’'+1,
30 characterized in that the method further comprises the step of generating runlengths of d' in
the runlength limited digital information signal, such that such runlengths of d’ occur isolated

from other such runlengths of d’ in the digital information signal.
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information signal having a minimum runlength and a maximum runlength of k’, the

method comprising the step of generating runlengths in the digital information signal of length

d’+1, d’ and Kk’ being integers larger than zero and where k’ is larger than d’+1, characterized
5  in that the method further comprises the step of generating runlengths of d' in the runlength

limited digital information signal, such that such runlengths of d’ occur only following a

directly preceding runlength larger than d’.

12. Method as claimed in any of the claims 9, 10 or 11,further comprising the step of

10 recording the runlength limited digital information signal on a record carrier.

13. Apparatus for generating a (d,k) sequence, two logical ‘ones’ in said sequence being
separated by a run of consecutive ‘zeros’ of at Jeast d, characterized in that said runs of d

consecutive ‘zeros’ occur isolated from each other in said sequence.

15
14.  Method of generating a (d,k) sequence, two logical ‘ones’ in said sequence being
separated by a run of consecutive ‘zeros’ of at least d, characterized in that said runs of d
consecutive ‘zeros’ occur isolated from each other in said sequence.

20 15, Apparatus for generating a modified (d,k) sequence, characterized in that minimum

runs of d-1 consecutive ‘zeros’ between two subsequent ‘ones’ are allowed and occur

isolated from each other in said modified sequence.

16. Method of generating a modified (d,k) sequence, characterized in that minimum
runs of d-1 consecutive ‘zeros’ between two subsequent ‘ones’ are allowed and occur isolated

from each other in said modified sequence.



