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Field of the Invention This invention reicabes to anomal ous_decodin of
sequencesWBOMBI®Ary val ues such as may he found in magneti BCE 5@78
recordi ng channels or in , optical comrunication subsystem; Were the
errors erasures, or faults involve binary subsequences hA@R 2@03

hi gh-duty-cycle patterns or selected pattern repetitions

particularly, ! hevidsay MaReoml fﬁtrﬁﬁaé QBBhRAS R RIBR 53 X, g1 L her
preventing indefini E?R?ﬂ H gg el%ﬁ! 4di,ng them
Background of the Iﬁry\?/‘en I'on &’#ﬁ %ﬁ%eﬁ I hary-val ued
sequence, such as 10000110%“’%%8‘5%@%‘7%% preted by decoding
devi ces due to unintended patterns car attributes present in such sequence.

Fors exampéBl sfsemuaneentdonh as 1010101010. - exhibits a very high duty
cycle. Electronically, a high duty cycle is synonynous with electrical or

mechani cal elLep %%em'ongréﬁasggg'gggﬁfaﬁ S@bkoahy Sl LEQUAREL Yor sgﬁuzglsnlgnl )
hi gher P F rnq'ég bt ( gur ""uipat’en ‘“‘a"%‘ sh%??miﬁedp?fgrg“ﬁi rTFu'!rless(gs The 'term
‘duty cyeriself Wﬁﬂf‘fﬁf&@%s SbpytemE WRa T EBE (S5RCHbal af‘?f'é"‘snu‘h’béra“b'fs bi nary
1,50 occupvélvg binagypatb=equerges reqidbitinge highhsgyesysd ei patde¥ns ©Tin t he
10101D Q% BdgYleq, pdthersl tepeEitGbiis | S Mobe pRirteailazipc ahivhénvelitios atenatéan tevery
tWo- bi t b BV ala mL.Imst hsx réﬂﬁ&f td e GaRBingei AR a i rperivom of theo binary

4-bi t vvar S, suc @, the duty cycle would be 3/8=37.5 percent. In
i
Is a

8 exc
magnetl I’EC ng chann

nd optical commu re arises the
phenorrenon of puI se srrearl n% or broadeni ng. ;\mwmgl«.ﬂm@ two 35 binary
4-Bi t wBeekgmpomd ofqthe BIRLOBas a result of " , appear at the
I nput of the decoder as 0001, 1010. In this case) tN&%Binary 1 in the
4th-bit posi trkois @klLi Keodn ekt DA nasy -eladcéd iseqhénceqr syt iaeal 400015eY1et ched"
to appeghy El:%saﬁJefsBng‘@B@efMtE@'ﬁeau&ddﬁﬁgbdélﬁrcys ldue. eSUWHInEEaHaES 0OX

snear | N3al S0 B3REC 13{:«;?91 %9'919.“% '1HTﬂHJhS§ LLO”F@d&Lﬂp&Qn 4%&%

conmuni at PPM

ve fron
sy2% ens 24F% “ﬁo’f%‘r A3 % B’gﬁ&\?\fﬂt% | ﬁ’éf’?ll Ci %‘%P’ ? &l %‘9 a1l dli%er et
al,, U 8igipsutntcygle i3, slzsvamﬂwemsb elegtadsdr af d?*ﬁ?*“@éné?%&ﬁ"ﬁ@ Bping
Noi sel esspﬁltredlmgtﬂmkl Cothd s f trrecgeily7 Feami teh am rdit eplant Reeeraliand | ssued
NovenbehoZse XA&kastfidn aciponkehe Sivitenments resulting in higher error rates,

failure rates, and shortened compenent lives.
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The term "duty cycle" for purposes of this specification means the

number of binary 1's occurring in a pattern or repetitive subsequence
interval. In the 101010 example., the duty cycle is S0 percent since the
“1*" occurs in every twoa-bit interval. If the repetitive pattern was of

30 the form of twe binary 4-bit words such as 1001,1000, the duty cycle wauld
be 3/8=37.5 percent.

In nagnetic recording channels and optical communications fhere

arises the phenomenon of pulse smearing or broadening. . For instance, two

35 binary 4-bit words 0001, 0010 might, as a result of "smearing”, appear at
the input of the decoder as 0001,1010. In this cage, the binary 1 in the
dth-bit position of the first word is electrically or optically
*stretched" to appear as if it were twe consecutive binaxy 1's. Such
studies or smearing is especially egregious in pulse position modulation

40 (PEM) communications systems or the like. This devolves from the fact
that PPM systems are notoriously bandwidth inefficient.

It is known from Adler et al,, U.S. Patent 4,413, 251, “Method and
Apparatus for Generating a Noiseless Sliding Block Code for a (1,7)
45 Channel with Rate 2/3*, issued November 1, 1983, that a finite state



~ ~ APR ~oa~ -2 machine (FSM can convert - unconstrai ned binary-val ued
sequences into a constrai ned binary-val ued sequence in an invertible
manner. Furthernore Adler teaches that a finite | ookahead st at e-i ndependent
machi ne coul d performthe decoding. The | ookahead capabi g n]yﬁpgn%gﬁaa
decoder to resolve <mbits of a current REL codeword int t he
unconstrai ned sequence by taking into, acgount a predeterm ned nunber of
subsequent RLL codewords. Neverthel ess, this decoder | ookahead feature

i ncreases the adverse effect of error ox erasure in the ALL codeword.

Accor di ng taachiec(FSM) ean codvert- unaginstzained binaryavalull sbquentestirppiangonstrhined  of

t i [ i .t f { i he .
Foqu r emeng s VAR sRRAHEC Gur Bl leind)) KRSy BilieR SeheRiay et & e
br ?_nc hes pdacroémhatde _siate-iddbp&nd]?me rx\r(ad};xgbl) coud SpherRirm $1(11@rdec<§mﬂ' f e_shedlobuahe%% v
The (d. 1) SBoRY Femties s dreodniaiosalve BABIE 0 e SurEHcb CRBRUOKaie W oilgos-
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determ nes_t he frequency _of transitlrons and ence the i1 ntersy

i nt er f er en®&L( pesigwards.t Hevestbelesy, this decofler lpokahgadr fegtupe increases the adverse
resynchr aaggll @ero .P&Jaﬂﬁé'ﬁx?thngJE]bgodc%? tion According to a first aspect
ided a neth

of the invention, there 1s provi od for -invertibly mapping binary
sequences into rate Z/3 (1, k) run-length-limted coded (RLL) sequences

ith i t Lo it traint | Si th t f
Get i nimg and st oReroyel 6°ARlcrte 855 € plel oRERBle R 35 ibriRie Ry bl e
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di mensi on QL &PeeHishaintOard nvdtfetted wgsgﬁﬁﬁ?%ﬂ%erﬁngrsﬁﬁﬁrﬁftﬁﬁﬁhﬁi stB136! irforder

pr edet er mi ned nunber of | ookahead 3b4) bit-pairs fromthe binary

sequence, ©-MagaaenESt Tpai(d, Degoagiraintmgrns thal & loaata"Q’'sY and oo (mare than,
4 f H 1 . - I —" | 1
sel ected fonta Lot cararai e WF Al BF coRBERAR il P T4

sel ected froma set consisting of I'nary val<te  and
care (xx) detpumines the froqueneytaf-teansitions ahwhenoerthe indensgmbohiiterferered (BIx hInt hat

any count : [ |- ed tri-bits manifests a duty
cycle Iesg{htlg%%%\e %ﬂ%@%@%ﬁ;ﬁ%ﬁx@ﬁ?ﬁ%dﬁﬁm% L code constraints being
selected froma set consisting of (1, 9) and (1, 13), the respective state
transiti ngt gﬁl e bg’ !Eg;sel ﬁCt ed from i1 AP R 7003 (1, 9)Next

State/lnt 5 = n3</ ¢ = c1lc2c3RLL codelnternal |nputs
bib2b3b4 x = don't care bit

val uel nt er nal 00xxd xxl Q(Xll(%D:U 011 110 :tllil.lSt at eS=S~ $2S300000Q1 010UU 1 /0100
| 010101 | 11001 g&?ﬂl‘%g(}gla / tf)?oq ar@g:q (o] € 1nvention, there is pl'OVIdEd a method for
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| 000110100 Fquenced with nopimym wansitorudensity porgoaintsicongprisanhe stepeof: / 00001

oot ool 0ol a0103000 et it {he o s piBpRBE s Afe i RALABR (ORUARE, _

c1c2c3RLLIpAE AR Iding putest atsABhn) %8 acumenioRLL -coded tipbit symbol (¢ica03), each

53000a0 LB RO 18 e Kty Yo 0 BAE AR irddions adsnitan i B 100r
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bhoC
processor {0 access, the table_responsive to a successi gn’gg' ve’c{aig'rs of

bi t - pai r s tpBresRierEbed symbee pElopkwhead bitawers dieing stecd frors ot conisiating of 2
(c1c2c3} 2Reniaid YRS VilePind B Acht G Bbo Vale? thd Hag)stard Meholsfibnf BUREN

sai d procesSor to access the table resp ive to a successlon o 8ded
tri-bits (conezaingd such thattanycounigmarciopgmumsequsnce of BLErccsked iristits ymanifpste nc e

bi t pai rs. = d P f,.t I nyentd.on
there is par%li\h' %@E;ﬁﬁ ggkg%asﬁfa@&é&ift’gge %ﬁeglr’ tic ?g‘?‘g“n%@;ﬁ cﬁé&%ﬁﬂtgrl{}?% ue :deigmp nt o
rate 2| 3 (alset @pnsisting e, 19) landi(lo13)c duterbspidtlivg staee tramsition vabld being iseleoted
transiti or}.mdn%nsi ty constraints conprising:




-— - - T

a finite state machine (FSM for generating RLL-coded tri-bit synbols
(clc2c3) as a first function of a present one of a plurality of FSM
internal states (sl1ls2s3) and a vector (blb2b3b4) of a present (blb2) and a
pr edet er mi ned nunber of | ookahead (b3b4) bitpairs fromthe binary sequence
and for generating a next successor internal machine state (nln2n3) as a
second function of the present )?SM state and the binaryéfi Eﬁyggzd tor,
each present bit-pair being a cognlzablejﬁlnary val ue (O

each of the predeterm ned nunber of | ookahead bit-pairs being selected from
a set consisting of a. cognizable binary value and a don't care (xx) val ue,
said first and second function being defined according to a plurality of
Bool ean vajued relations such that: n, t~g + bl b2 PS ~ S ~ S3 '~
S1S3 n2 ~ -1 7~ SaNext Statefinterng} N= @xma) =018 52 3 3 -

8183( bl ° =SS, fianthd ARt pARE 0k SR riRbil Wkg aspect of

the i nventg e—t+sprpvided conmput gl progr mTurrec 'y toadabre injo

dd0xa d| gidlak compdmer [ cbifdri 5i idO0dave- drléocade““
portions f stateerfom m ng the steps jof the nethod descri bed| above. Bri ef
Desci pti on| ©kg,§.8£ Drawi ngs| Fig. 1 |shows alcan tralned chahnel encoder and

rodt um aboped no ¢ b 01on, Datiosh:| RRybIt {ELG LtiiT| Subipet hElmren
(FSM fox as an gpfRdel obh)o@%”@éé/omthﬁ)mlhomw [ 10o/TON @00/0t03

present infernal sfate and|a set of 1nputg, and the next |nternal| state as

anot her fun@t@ on of QUG 00r pHORLI0D t@l@i&@oqt@ﬂél@ntl(alél@p bfomﬁﬁgtsml/wq ~

ot 04 SRR BTRT AR o], it Bt s

responsi ve J
out put whe 130031 sta e000Oratiof | @81/000 |t 0E6186G® | nel 1O &rHdHH0 &Ié/om 0§1/pQQ ¢

2 L ooPRAey P ek, P ool Xo6d 3, Bt | fooRto, Anffoob s REGbOY S Y

illustrate at-€——zZro RCC efircoue?

nodi fied according to the |nvent|on Boolean equation relating to the
unconstrained inputs to the const r ai ned out puts, and a high-level logic
gat e enbodi #ent of the encoder; Figs. 5A-SC respectively show a decodi ng
table for a (1, 9) rate 213 RLL decoder nodified according to the

I nvent i on, rBooteamequatTons

(1,13) Next State/Internal Qutput N = (nynan3) / ¢ = (€1€363)

RLL Internal Inputs b;bobibsbsbs  x = don’t care bit value

code
Internal | 00xxxx | Olxxxx | 10xxxx { 1100xx | 1101xx | 111011 | 1110*(11) | 111llxx
State
5=8,828
000 000/010 { 001/010 | 010/010 { 111/001 | 112/001 | 111/010 111/010 011/010
001 000/001 | 001/001 | 100/010 | 100/010 | 100/010 | 100/010 100/010 100/010
010 000/100 | 001/100 | 010/100 | 011/100 [ 011/100 | 111/100 011/100 011/100
011 000/101 | 001101 | 100/101 { 100/100 | 100/100 | 100/100 100/100 100/100
100 000/000 | 001/000 { 010/000 | 011/000 | 011/000 | 011/000 011/000 011/000
111 100/000 | 100/000 | 100/000 | 100/000 | 100/000 | 100/000 100/000 100/000

(b) causing said processor to access the table responsive to a succession of

vectors of bit-pairs and extracting therefrom a succession of RLL~coded tri-bits (cicz¢3)
and a succession of the internal state (nymans); and

(c) causing said processor to access the table responsive to a succession of
RLL-coded tri-bits (c,c2¢3) and extracting therefrom a succession of binary sequence bit-

pairs.



WO OO 0339Z PCTI G-gS~I OxQyS .~ ~ a~ R ~oa~ relating constrained inputs to
unconstrai ned outputs, and a high-level |ogic gate enbodi nent of the
decoder; Figs. 6A-5C respectively depict Bool ean equations relating S
unconstrained inputs to constrained outputs fox a (I,13) rate 2/3 RLL
encoder nodifies according to the invention a state transition table, and a
hi gh-1 evel |ogic gate enbodi nent of the encoder: sad Figs. 7A-7
respectively sat out a decoding table foxga (1, X3) rata CABR%%@G@ decoder
nodi fied according to the invention, Bool ean equations relating constrained
i nputs to unconstrained outputs, and a high--1level |ogic gate enbosi nent of
the decoder. Detailed Description of the Invention 15 Referring nowto Fig.
1) there is shown,a cqnstrained .,channe ncoder 3, pOSi ti ef or
recording or tranéﬁ’l’%"g%ﬁoéﬁmasgecéﬁhtharfml'%&lgﬁg‘? o‘ﬁpgéz@&glg% %?gmﬁrt%nfg er
medium ' | . fhveRibly alapping bigeydequehdesi intopats 2Bqbes) hmklength-limitedactidad KRDE)
reception channel 9 .and ynconstrained 20 binary sequence Sink 13, The

bi nary sour Suenges WViIempgRuE FaRsiion “FI%W%WQ PESWEr at or of 1's and

ass_having a uni f prmite GRS SiaBRine QFSIN T6F géilepitingtR KB coéd fri-bit $ynBols{0,c;)
exhi bzting fromtine to tinme repetition patterns _having h %;1 dztg éycl es
These cycl ess pditglefimetion gﬁam;mmn@pf@r@wﬂlgheﬂs%mw@ﬁf t58 (1580180 0

etc to sequ ' Rkl WalgIP. g} ««f han
50° percont' TG bbb B Epieptl (% Fards SrédteitbtEuaibar Ne bOARLYEET B 720
sequence t opairy from)the hineryeguédick and forogemerating aaesbuisressesiptamyl maaching state

duty Cycle mninum The St.r ai inar I 31is
' furn 90 GHBPLE  50niduoten of e briphy ERHLRHS U thE Sl SERERES Hitor

sui t abl e NDgashapetend ilt-pdit theliy @Woghizalsle tbiraryavaeo(@@e0br 18,r bhs washs obrihe
medi um 7. At subsequent, tipe, the capst.raj ned d ul ate tring |
applied to arcaetaaﬂ’@e@ nym Eeggqqkéﬂeagﬁaﬂngrsabelgg'&glggﬁq@y%& 74 tc§n stili of°
constr ai n_edc‘kg}ﬁﬁme ShiryNalf and aSdodChale Gex) Thius, LRDAL kedl sdvond fynctibnd bang S
then applied 1o a 35 | bokahead st ate-independent decoder 11. The decoder 11
utilizes a gefinedraseoniingdo aphrality st Boglpan yaad redatigngspeh 43t ookahead) and

renoves the constraints, thereby providing the original unconstrained

bi nary sequence to a sink 13. 40 Referring nowt4 Fig. 2 there is shown a

finite state machine (FSM for usebifis+tdmbehrddde +F15Far a specific set of

paranmeters of (d,k)=(1,9) or f1.131, anP;@p?%ernined nunber of present

input bits (b,b2)and future input bit s ( hIb2 ) are applied (blb2b3 ) from

an input register 2 x to eon FSM23novde pat Ysr AabThe FSM23 provi des an

output to register 25. An 45 output set of_hinary bits C= (clc2c3) is

derived as a function f of input w GbTo%392 PCTI G-99102078 ~ ~ aPR 2aa~
C1="81'S2 Ca

¢ = ) S|S3(‘ by + ) by) + ) 81 ' 52‘ S3b1bz\b3b4,

According to a third aspect of the invention, there is provided a computer
program directly loadable ii,lto the internal memory of a digital computer, comprising
software code portions for performing the steps of the method described above.

Brief Description of the Drawinges

Fig. 1 shows a constrained channe! encoder and decoder positioned with respect

to an information storage or transfer medium according to the invention;

Fig. 2 sets out a finite state machine (FSM) for use as an encoder illustrating the
output as a function of the present internal state and a set of inputs, and the next internal
state as another function of the present internal state and a set of inputs;
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bits (b, b2b,b,l and present machine state S=(s~s,,sa) . Concurrently, the
next machine stateN is determned as a functiong of input bit9 (blb2b3) )
and present nachine state S. Thus, for the next Cycle, next nachine stateN
is witten into the present state register 29 and becones,the new S present
machine state S. In this regard, an FSM can al so be conce'bt'heAP:RaQ[]Bg a
formof directed graph whose nodes represent the FSM nachine states S) and
whose directed |inks define the state-te4atate transitions far any given

i nput vector while generating a counterpart output vector. The tabular form
of the directed graph is terned a "state Id transition table Referring now
to Fig. 3. there i5 depicted d partial-state diagramor directed graph of a
(1.7) rate 2/ 3 Riyee K j t RCONSRLEBI diRdddr dhsivepiat an
produci ng a hi gh- ﬁt3ﬁg§§%%agﬁﬁgﬁgﬁﬁﬁgqgéqgég, 15 001, 03.0,ﬂgﬁ.1,,and 100
represent tunsonstraiedinany anps porducing a highrdusreysleoutpuswheze g stage medificatine

2/ 3 encoder en f i t t&e i i giég

t he encoderﬁ%&&?oﬂﬁ\a tgét@g?%é?%u? EE ée) rg}eg' nglé%oﬁgla fd?élaggg%i%ffgg 10. ®
Simlarly, éwputthe input pattern 001101, the output pattern would be
010101007.. If an additional state 111 is added to the state 20 di agram and
connected between states 000 arid 100 a8 shown, the encoder is converted to
(d,k)~(1,9) rate FHg3 £aagiisspectivelyailldstrdtan, statk tmahsition pablvifdes (3u9) rate 8t
conput ati onal _resource to | oakahgad over . severa nbol s

[ |_input s ari d

generat es abLbussaderamgdiisdoacsprding & Lae éRYP?"%c‘?@?Q% ayong, fﬁlﬁé%&b theyr

| nput QOllO&xc%H&raQQ&ﬂB?QQQ Y corBRbine®8idAs, arda Beflelevbiagi gite babbdignt

4A, 4C. there 1s respec |ve?y shown a state transition table for a (1,9)
rata ~/ 3 RLoftbeenwder;nodi fi ed according to the invention, Eool ean equations
xel ati n~( unconstrained binary inputs to highly constrained binary outputs,
and a high-level |ogic gate enbodi nent 30 of the encoder. In ~'ig.4A, the
encoder is an FS\Figa\aAgCaespectivaly show 8 degodingSableyfor (1, Ak rate 6 decadsy e

encoder ['s an FS\FigmA 3201wl (1 b8 L peco
one | ookancatieiaresspsgale Rph: M AliSRT TP, e o) By one of

the six internal states S, while each colum is indexed by ne of seven

i nputs of two bit-pair conbinations. Fox any 35 given (S, b) table index,
tie entry is of the form(next state r~/Qutgut C (c,c.,c~1). O Seven

i nput -two-bit-pair input conbinations, three of them nesnely) 00 xx. OL
xX, and z0 xx, have two "don't care bit-valued , [JOSItion5.

zl lustrativel x, if the (1,1 encoder wherein state 100 in the input roes 00
xX. then a trar_sfer would be made fromstate 100 to state 000 40 and
ouCput C=000 woul d be generated. Referring nowto ~'ig. 4E, there is set
out Bool ean equations defining the next state Haol eah function N=(n.n;
n,)~g(S,b) arid the output Bool ean function C=(c,c;C, 1=f (s, b). These
equations are analytic 45 expressions deriVea fromthe state transition
table in Fig. 4A. xn these WO 401(@B3' 92 RCTI GR9910Z0' 18 .~ ~ APR zoa~
Bool ean expression the negation of a Boolean variable Cis signified by
-'c' _ Thus. the negation of 111 would be exenplified by.(11J.). It should
be noted that the Bool ean equations in Fig. 48 conpletely specify the
conbinatorial AND)OR logic 1415 in figure 4e). 5 Belatedly, logic for a

| aw- duty-Cycle (1,9) rate 2/3 RLL encoder is shown in Fig. 4C. In the logic
enbodi ment, a present input bit--pair (blb2) is applied via | atches 407 and
403 to conmbinatorial logic 415. Simlarly, a | ookahead input bit pair
(b,b,) is applied to logic 415 via x0 | atches 405 and 40X. The encoded
output Cis presented by logic 415 to | atches 417, 419, and 421. The next
internal, state Nis presented by |ogic 415 over feedback paths I, Il, and
1l to respective input |atches 409, 411, and 413_ 15 Referring now to
Figs. 5A-SC, there is respectively shown a decoding table for a t1,9) rate
2/ 3 RLL decoder nodified according to the invention, Bool ean equations

rel ating constrained i nputs back int4 uncon outputs, and a high-level |ogic
gate enbodi nent ¥ tl~e decoder. Zn Fig. 5A, the decoding ta#aie while
providing fer |ooktthead 20 aver several RIB,. synbols is state

i ndependent. That is. 3t does riot constitute an P SMin the sense of an
encoder. The RLL bi na~-coded synbol s designate the first three

Gal ums, fxorn left to right. The9e include a present syiaboi ( r~r~r~ ) and
two | ookahead synmbols ( r,r5r~) arid (s,r,r?). The fourth coMum fs

desi gnated as the 'Decoded output. For 25 decoding' purposes, the 1~LL
synbol . string conprises a sliding block of 3-bit sXmbols in which decodi ng
of the pt-esent synbol occurs as the 7Ce9ult of Magically conbining the
present synbol with two Yookahead synbols according to the 9ool ean

o .
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30 Referring nowto Fig. 5C, each ItLL-coded synbol conprises a 3-bit byte,
which bits are resperxively applied to |atches 567.) 503) and 507. The hits
are processed to formthree internmediate internal variables zi.z~) and zy

via OR gate 513 and | ~stches 519 and 5Z1. These are applied concurrently as

i nputs t oMMBWAbi natorial |vQ c 525., Additiranally) thePSE/GHPLENd
third bit values ri and r~ of the pres'ént RhLTcodr ~d ainm? arsed by
way of respective |atches 509, 517, 51S) and 523 as MUts to the
logi ¢ 525. Logic 525 is conpletely defined by the |ogic equations for the

~0 deco%ﬂam Edns@XPImRAS Hbu comdEra MRl s a%&%_
prescri tigglgggsg%qs;gf ghgﬁgutp T ugdetléaﬁ%u&;gﬂ(a%t hce)'mgﬁt put vé‘rﬂ?a le u~is

set equal "he" enboai Shown, additi 4nal logic is provided to
convert decoded out put Uinto the 2-bit laytes of the original

unconst r ai nedi8f n&Ay5s saeraTEavelhdapick Peglepn rmuagionh@edathing bytes i s
Corfput edinbyns®Ra {yeideiRes 46 achdtrabfjed onbputisnfotl,a dALdl¥Y vetsin min uS5 a$
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for use as an encoder 3. For a specific set of parameters of (d,k)=(1,9)
or (1,13), a predetermined number of present input bits (bb,) and future
input bits (lb,b,) are applied (bbhb,) from an input register 21 to an
" FSM23 over path 12. The FSM23 provides An ocutput to register 25. An
45 oucput set of bimary bits Cs(ec;c;) is derived as a function f of input
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run-length-limted coded (RLL) sequences with maxiraumtransition density

c;anstraints conprising the steps af: {a) defining arfdqys | i a
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code is indexed by one of seven inputs of two bit-pair combinations. Foxr any
as given (S,b) table index, the entry is of the form (next state N/Output
C=(¢c.c,)).  Of seven input two-bit-pair jnpuc combinations, three of

them, namely, 00 xx, 01 xx, and 10 »xx, have two “don‘t care" pit-valued

positions, Illustratively, if the (1,9) encoder wherein state 100 in the

input was 00 xx, then a transfer would he made from state 100 to state 060
40 and ocutput C=000 would be generated.

Referring now to Fig. 4B, there is set out Boolean equations
defining the next state Boolean function N=(n.n.n,)=g($,b) and the output
Boolean function C=lc,c;¢;)=¢ (5,b). These equations are analytic

45 expressions derived frem the state transition table in Fig. 4A. In these



constraints are ones selected froma set consisting of (1, 9) and {I, 13).
4. Apparatus for invertibly mapping binary sequences into rate 213 (1, 9)
run-length-limted coded (RLL) sequences vvath maxi mumtransiti on densi ty
constrain jsing: a finite state machitle {FSNn for
RLL,-codeglﬁf&gdggﬁt symbols (cir~c3) as . a first function of slglilpr sent one of
a plurality of FSMinternal states (si 7szs3) and a Vegtfréﬁ 4) of a
present (bl b2) and a predeterm ned nunber of | ookahea .11 APR
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ni za |nary val ue an car xX) ‘val ue, said first and second
fu ctions being defined accordin to a pl ural Ity of Bool eact val ued
rel ations sudgletedly ylagiicS8ay apiorguty-cyolksid P Ingate 3/3 .l eReode?’ B3+
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menory ofp ¢ 31[ dhgi tal; 6 ‘Aﬁeinpuﬂéo ﬁhnqb%of tl‘é’a{pgaﬁ&g%opi’# c°E§ .0 :
3 nfor r‘nln ‘8}? eﬁ? ed%d an ¥h£r§1c ed output C is presented pZ adUCt 'S
[3. Ase A'I‘F*R[%‘N-{ \“Ay %’8 Addp. ABheonogrt ABtental CEyditg Y Ui HW}’EE"(J]"UaU] cal] cau
] cal] calbaiaUpd a] wedd] €atfraal)|mabl caUREaldndal)jic bdjreapdtaye dpenUacablea) cal] c
aU] ca] céed)] @ahcadfacapeRa( 1t wx) 1X_ysnga[ UG c] WRU] cal] cal] cal] cal] cal] cal] caU
] cay] cal] cal ca U c*ay cal cal] cal] cal] cal] cal] cal] cal] cal] cal] ca] cRa U c"a
U]igAaU] CaU] Ci%&@i’nﬁ%&@‘ﬂl ﬂ‘lgs< ﬁ %c“ dhere is respectively shown a decading
table for a (1,9) rate 2/3 RLL decoder modified according to the
invention, Boolean equations relating constrained inputs back inteo
unconstrained outputs, and a high-level logic gate embodiment of the
decoder. In Fig. SA, the deceding table while previding far leookahead
20 over several RLL symbola is state independent. That is, it deoes not
constitute an FSM in the sense of an encader. The RLL binary-coded
symbols designate the first three columns from left to right. These
include a present symbol (r;r;r;) and two lcocokahead symbols (r,r.r ) and
(riXery} « The fourth column is designated as the "Decoded OQutput'. For
25 decoding purposes, the RLL symbol string comprises a sliding block of
3-bit symbals in which decoding of the present symbol occurs as the result
of logically combining the present symbol with twe lockahead symbols
accarding to the Boclean equations set out in Fig. SB.

30 Referring now to Fig. 5C, each RLL-toded symbol comprises a 3-bit
byte, which bits are respectively applied to latches 501, 503, and S07.
The bits are processed to form three intermediate intermal variables
2,,Z;, and z, via OR gate 513 and latches 519 and 521. These are applied
concurrantly as inputs to the combinatorjal logic 525., Additionally, the

s first and third bit values 1, and r, of the present R{lL-coded symbol are
passed by way of respective latches 509, 517, 515, and 523 as concurred
inputs to the legic 525.

Logic 525 is completaly defined by the logic equations for the
40 decocded cutput expressed in Filg. SB. While the logic aquations prescribed
a 6-coded hit output (uu.u,uu;), the cutput variable u, is set equal to .
0. In the embodiment shown, additional logic is provided to convert
decoded output U into the 2-bit bytes of the original unconstrained binary
seqguence. Thus, a first one of the 2-bit byrez is conmputed by OR gate 529
45 activaly combining u, and a version of u, as found in latch 527 and OR
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Referring now te Figs. 7A-7C, !:here is raspectively set out a
40 decoding table fcr a (1,13) rate 2/3 RLL decoder according to the
invention, Boolean equations relating constrained inputs to unconstrained
cutputs, and a high-level logic embodiment of the decoder. 1In Fig. 7a, a
state-independert decoding table is set out involving a present RLL symbol
and three lookahead RLL symbols in order to effactuate mapping the present
45 RLL symbol into unconstrained binary bit-pair sequenc¢es. Relatedly,
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1. A method for invertibly mapping binary sequences into rate 2/3 (1, k)
run-length-limited coded (RLL) sequences with maximum transition density constraints
comprising the steps of:

(a) defining and storing in a processor a state transition table of ordered
pairs including a next state (n;n;n3) and a cwrrent RLL-coded tri-bit symbol (¢icz¢3), ¢ach
ordered pair in said table being indexed in a first tabular dimension according to its
present state and in a second tabular dimension according to a vector (bjbzbsbs) of 2
present (byb2) and a predetermined number of lookahead (bsbs) bit-paits from the binary
sequence, each present bit-pair being a cognizable binary value (00, 01, 10, 11), each of
the predetermined number of lookahead bit-pairs being selected from a set consisting of a
cognizable binary value and a don’t care (xx) value, the state-to-state transitions being
constrained such that any counterpart long-run sequence of RLL-coded tri-bits manifests
a duty cycle less than 50 pereent, the said (l, k) RLL code constraints being selected from

a set consisting of (1, 9) and (1, 13), the respective state transition table being selected

from:

(1,9 Next State/Internal Qutput N = (ngnsn;) / ¢ = (¢1¢3¢3)
RLL code Internal Inputs byb;bsbs X = don't care bit value
Internal 00xx Olxx 10xx 1100 1101 1110 1111
State
S=55;53
000 000/010 | 0017010 | 010/010 | 111/001 | 111/001 | 011/010 | 011/010
001 000/001 | 001/001 | 100/010 | 100/010 | 100/010 | 100/010 | 100/010
010 000/100 | 001/100 | 010/100 | 011/100 | 011/100 | 011/100 | 011/100
011 000/101 | 001/101 | 100/101 | 100/100 | 100/100 { 100/100 | 100/100
100 000/000 | 001/000 | 010/000 | 011/000 | 011/000 | 011/000 | 011/000
111 100/000 | 100/000 | 100/000 [ 100/000 { 100/000 | 100/000 | 100/000

or
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100 000/000 | 001/000 { 010/000 011/000 { 011/000 | 011/000

11 100/000 | 100/000 | 100/000 100/000 | 100/000 | 100/000

(b) causing said processor to access the table responsive to a succession of

vectors of bit-pairs and extracting therefrom a succession of RLL-coded tri-bits (cicac3)
and a succession of the internal state (njnan;); and

©

RLI-coded tri-bits (¢ ¢zc3) and extracting therefrom a succession of binary sequence bit-

causing said processot to access the table responsive to a succession of
pairs.

2. A method as claimed in claim 1, wherein said duty cycle substantially
approximates one-third, and further wherein said (1, k) RLL code constraints are ones
selected from a set consisting of (1, 9), (1, 10) and (1, 13).

3. A method as claimed in claim 1, wherein said (1, k) RLL code

constraints are ones selected from a set consisting of (1, 9) and (1, 13).

4, Apparatus for invertibly mapping binary sequences into rate 2/3 (1, 9)
run-length-limited coded (RLL) sequences with maximum transition density constraints
comprising;

a finite state machine (FSM) for generating RLL-coded tri-bit symbols (c;¢acs)
as a first function of a present one of a plurality of FSM internal states (sis2$;) and a
vector (bibabsby) of a present (biby) and a predetermined number of lookahead (biba) bit-
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