NB/MB CODING APPARATUS AND METHOD USING BOTH DISPAWTV
INDEPENDENT AND DISPARITY DEPENDENT ENCODED VECTORS
Field of the invention The present invention generally relates to
communications systems and, more particularly, to an NB/MB coding
apparatus and method. Back-round of the Invention Coding is employed in
communications systems for a variety of purposes. Among these are the
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Summeary of the Invention

Principles of the present invention provide techniques for implementing @ coding
scheme. An exemplary method, according o the first aspect of the present invention,
encodes N-binary symbol (NB} source data vectors inte M-binary symbol (ME) encoded
vectors, where W is greater than N which in twrn is greater than 0. The exemplary metho
can include the steps of obtaining a plurality of NBE source data vectors and encoding the
NB source data vectors mnto a plurality of MB encoded vectors according to an encoding

scheme. The encoding scheme can map at least a first portion of the NB



encoding scheme can map a second portion or tale NB Source ciata

vectors into MB encoded vectors that. are disparityndent. The disparity
dependent encoded' vectors can have primary representations and

alternate representations that. are complementary, to the primary
representations. The MB encoded vectors can have M-N binary symbols
appended to then) by the encoding scheme. A fraction of the MB
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leading run of 4 followed by two pairs of complementaty binary symbols,
to certain ones of the MB encoded vectors that have two leading binary
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ik further exemplary embodiments thereof, the source data vectors that correspond
o the disparity independent encoded vectors can include at least 54 source date vectors
that have an overall disparity of either +2 or -2, and have a running disparity of uo greater
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overall disparity of -2. The source data vectors that correspond to disparity
dependent encoded vectors can include at least 19 source data vectors
that have a disparity of +2 and that are mapped to 19 disparity dependent
batemeetsemcoded vectors that have a required negative statin@shispaniiys:
and are identical to the source data vectors with two zeros appended to
them. The 19 source data vectors in this case can satisfy at least one of
the following conditions: (a) end in binary symbols 11001, (b) start with
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disparity of +4 and that satisfy one of the following conditions: (a) the trailing four
binary symbols include a complementary pair of binary symbols followed by 11, (b) the
trailing four binary symbols are 1111 and the leading four binary symbols are either two
pairs of complementary binary symbols or 1100, {¢) the leading binary symbol is 1 and
the trailing four binary symbols are 1101, and (d) the leading two binary symbols are 1
and the trailing four binary symbols are 1110. These 18 source data vectors can be
mapped to 18 encoded vectors that have a disparity of +4 and a required negative starting
disparity. The encoded vectors can have binary symibols identical to the 18 source data

vectors with 01 appended thereto.



v 't further. the source data. vectors then, correspond to tile disparity;
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encoded veetors that have a disparity of -4 and a required positive starting disparity, and
the binary symbols of the encoded vectors can be the same as those of the source data
vectors with the binary symbols 81 appended to them.

In another embodiment of the present invention. the encoding scheme can assign at
ieast 7 NB vectors, as control veetors, to at least 7 ME disparity dependent corresponding
encoded conirol vectors that e primary representations and aliernate representations
that are complementary to ihe primary representations. The encoded control vectors can
molude the 7 NB vectors plus two appended binary symbols. The primary representations
of the 7 NB corresponding encoded control vectors can satisfy af lzast one of the foliowing

conditions:



of the 7 M it corresponding encoded control vectors can. satisv at least
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ootain augmented vectors, complementing M binary svmbols of a given one of the
augmented vectors o obiain one of the alternate representations of one of the MB encoded
vectors and complementing fess than W binary svmbols of another given one of the NB
source data vectors. The M binary symbols can be complemented responsive to a
determination that the given encoded vector is one of the disparity dependent encoded
vectors and the current running disparity does not match the required starting disparity for
ne particular one of the MB encoded vectors. The complementing of less than N binarv
symbols can be responsive. ar least in part, to a determination thar the given encoded

vector in such case is one of the disperity independent encoded vectors. The two

complementing steps can be performed substantially in paralis!,



complementing steps can he performed, substantially it,, paralic.. 6 A-

xding to a second aspect of the presentivenr ,i.. there is provided a

method of decoding M-binary symbol (MB) encoded vectors into decoded
N-binary symbol (NB) source data vectors, M>N>O, comprising the steps
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plurality of NB source data vectors according to an encaoding scheme,
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source data vectors to obtain augmented vectors; a full vector
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According to a third aspect of the present invention, there is provided an apparatus
for encoding N-binary symbol (NB) source data vectors into M-binary symbo! (MB)
encoded vectors, M>N>0, at least some of said MB encoded vectors comprising disparity-
dependent encoded vectors having primary representations and aliernate representations
complementary to said primary representations, said apparatus comprising: a binary
symbol appending moduie configured to append M-N binary symbols to said NB source
data vectors to cobtain augmented vectors; a full vector complementing module configured
to complement M binary symbols of a given one of said augmented vectors to obtain one
of said alternate representations of one of said MB encoded vectors corresponding to a
given one of said NB source data vectors from which said given one of said augmented

vectors was obtained, said complementation of said M binary symbols being at least in part



to complement M binary symbols of a given one of said augmented
vectors to obtain one of said alternate representations of one of said MB
encoded vectors corresponding to a given one of said NB source data
vectors from which said given one of said augmented vectors was
obtained, said complementation of said M binary symbols being at least in

art 7.responsive ta a determination that s 'dﬁggne of said MB encoded
RS P ACEERRE S LRGSR CRRen oA SREOdSa B OPP R 4ne of
sudrénpaoanitgaidparity ddeisvagbraatechaacneguireanstariinpadispiuitydermatch a

' Said s vectors; and a,binary symbol. . S

e N W e simbo

SYRibOReBfahohdr cgivaimms 6f saldmimissulese tatalVédters sorobukimaancther
ereeshending Pariomef-anoier. QivenLo6:h SR MBSRERISMEGIWE another

corresponding to said other given one of said NB source data vectors,

LA B pletd I CRGAEIBERES SRAFFNIBIARS ey itB I HethirRteast spd NB
paktteBponsive{oadaiepunationshal said ethergiverene Qhsaid Mg at least
encoded vectors co tprisesadi arity-independent encoded vector, said
iR Sl S B G TSHT SAHL A SUIP Vb lor EoMIERERgetor
moglebeirspanfigureddaiopecatedsdibstantiathidnhpanrsllelnsait birarymenting

I in d id full tor complementin

e L O Tl e
wiegainglschamie lheedibirrassigrvak oo MBestitedectivisctors faalifug vector

QIpaysymbe-ehanaesecomparadfecarraspondi QQW%Q&&%@{N ﬁnplem ent an

source data vectors, preference is given to MB encoded vectors that are
Breed R aisparty-ifiapiaent. ACeOrmgT8ea NsaHHsdspdie Sfsig symbol
gresentdnventidndthere ispravided-an rappartusdacdesadingMsbindience is

bol.(MB) encoded vectors into N-binary Symbol (NB) source data
%S}}g%n(}%%fr){ig e fEHat %%‘f%%?&e%l%Xgrqyés(%ga"i}%%?g%prising
dispariﬁ;mzhegb?egdentae‘ﬁnudecispectooﬁ hlm/ipg:mmafyereMQS&r&tatiM@@mdied an
BIsHale (PREBANAUANS, GO AICION A1 Oeggage%r%%f% o SeBRER Sprmbol

d apparatus comprising: vector complementing module

Bonfigured toteorrmiremefitiat feasiawsbinary symisold Bofraglvénaneofomprising
Sahd-MEsepGRARd waclacs (o rerovena givenane-0f Salfk N SRUCE, data, 1o mare

vectors corresponding to said given one of said MB encoded vectors, said

BTSRRI At T S8 NITHTHAYY Sy RTBBISIS8 R it feRti yraprising:
dEspansive denividataminationdhabhseidgiver aneighsaid: VB.ercoded: symbots
Q\Facé?{"gncgl@%%ss%?d?\qg gxtlcsoadgd vectors to recover a given one of said NB source data
vectors corresponding to said given one of said MB encoded vectors, said
complementation of said at least N binary symbols being at least in part responsive to a
determination that said given one of said MB encoded vectors comprises one of said
alternate versions of one of said disparity-dependent encoded veciors; and a binary symbol
complementing module coupled to said full vector complementing module and configured
to complement less than N binary symbols of another given one of said MB encoded
vectors to recover a corresponding portion of another given one of said NB source data

vectors corresponding to said other given one of said MB encoded vectors, said

complementation of said less than N binary symbols being at least in part responsive to a
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alternate versions of one of said disparity-dependent encoded vectors;
and a binary symbol complementing module coupled to said full vector
complementing module and configured to complement less than N binary
symbols of another given one of said MB encoded vectors to recover a
corresponding portion of another given one of said NB source data

ectors corresponding to said other given one of said MB encoded o
5%“8{8}1%8?&‘?56%1@ ENEAHOTPBE 84Tt IS4 TNNHINEHP Sy BB Eefg sparity-
atllgestinpartsesponrsive taid Faddetennticaton thatsaigohengivenionsgd full
voefc aljdccla\{lnB errﬁg*% '11'629 r\{]% '&%Sb%%rp %g%gcsru%e%istg arit r_ati(ra] %ggsetg d?nltveigcog g el, said
vec?or, saﬁ:‘eblﬁary%ym ol complemeriting modtié and 'saldjmlil ‘vector™
eomplermdntingmmddutetlyging doisfigured dddperater subgtantialiininmodule being
&ﬁ{ﬁé@eé%q ngmé%éltyg%bgrli&%ﬂ@%%@m&n%m%?ﬂl%agglaglgefr'i{go\feﬁgr encoded

complementing module being configured to implement an encoding
WHhemBAYHE RIS HERghThtacs CRIBPBISE da saToaRQBAiNE aVieigobiradyNB source

aNbelichapagscRPRALRGIocHMesPeRing anes of said NB.seLGE ddatBarity-
vectors, preference is given to MB encoded vectors that are balanced an

’a%??gﬁfg?-nfndependent. According to a fifth aspect of the present invention,
there is pravicled@anigthachéor oéreostiag N hiranssymbeli{NB) sdreencthod for
ata.vectors into M-bin mbol (MB) encode ctors, M>N>
LS R G R B R sl ncoces
encudedieétars dhalding poirrary represdhtationsiahd alternatemprising  disparity-

JepeReRtations camplemeniary. 1o.said primany, seid methed comersing .o

the steps of: appending M-N Dbinary symbols to said NB source data ]
SRECRA B8 BBtATh Wi RTERtEY Vaitars hedraphepnisingntivstias symbeteistM-N
sgivenspnedf said augmenteg vestors o obdain one ofisaid AlIBIBAR vectors;
representations of one of said NB encoded vectors correspondingtoa
Céi&? P BIE B Kid R sDIRe8 Bat ottB I OtV h R GIVER S dcopbrain one
aididugrerante tepreainrsiwasoo btainetsaitBomplasientation @ksaidMing w©
binary symbols heing at least in part responsive to. a determination. that
300 STe 0f S Wi BHCARH VECIOrs EOMBHES B BF SalFipaysuemerted
depententehoodedaveotorsianehaoorrentrd ivibigatispanity idbemmeat ieast in part
ARG EUIRCARAING Bisparboly s eRALL MR BBE0NS D ises one of
vectors: and complementing less than N binary symbols of another'given

Gitedbiresiy dpeadiicensrdedvission acobeaica COEER GHBRIRpBrEDRGmatch a
rARGIBeraiMaTY R A4S alst MBI one of said MB encoded vectors: and complementing

less than N  binary symbols of another given one of said NB
source data vectors fo obtain a corresponding portion of another given one of said MB
encoded vectors corresponding to said other given one of said NB source data vectors, said
compiementation of said less than N binary symbols being at least in part responsive 1o a
determination that said other given one of said MB encoded vectors comprises a disparity-
independent encoded vector, said less than N binary symbol complementing and said N
binary symbol complementing steps being performed substantially in parallel and
implementing an encoding scheme wherein, in assignment of MB encoded vectors having
binary symbol changes compared to corresponding ones of sajd NB source data vectors,

preference is given to MB encoded vectors that are balanced and disparity-independent.
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encoded vectors corresponding to said other given one of said NB source

data vectors, said complementation of said less than N binary symbols

being at least in part responsive to a determination that said other given

one of said MB encoded vectors comprises a disparity- independent

encoded vector, said less than N binary symbol complementing and said

N binary symbol complementing steps being performed substantially in _

parallgi“g%o diﬁwgﬁf)e%%ig&‘ihaggpé’ﬁtéﬁé %%&%w&@@we%ﬁrrﬁ inRIEYigrindeneged for

448> éingddednzertyna hid Vivigp ) inare s ymbalschanyeis eempaned tovB) source data
rrespending,ones, of said NB sour Q?a vectors, preference is give o

e ot e b B G Y ey

depeofdingrecalsixticasp denvofdheipreserpinvantiomsthedeakepravidegasntations

wﬁiﬁ!%é%rg%%glﬂ %}QNQ’%&Q&@&!O‘M@&%&%@% \6%8{8&%1!@0 complementing

N-binary symbol (NB) source data vectors, M>N>O, at least some of said
F1BBhCoBBAVSIBRY Eathprisg ansparityidobibe persricdnestnss toastens: @ given

havingpiimaryJepesentaliens and-aiamatederiaseiMationsor said MB encoded
y representations, said method comprisin

complementary to said primar : _ . .

G Bio MNP SR Kbt byi5ats b B feer GHEPbY BafEMB et in par

eronted vectdisstmieatverhaigivienzione wksaidNBNMDBuite dala ¥e6tO S mprises
r ' aid given ane of said MB encoded vectors, said _

e T oy oy astors: ond

FRBpEISIVETD kdetermindtiorthardzit gilencme of saicdMB éneudeB encoded

VRAAS LRIRNISES . AR Amaid ABRMAE BRINSREANGOE82I% NB source data

disparity-dependent encoded vectors; and complementing less than N

WirtaFy SORBOR8IEn&hergivaRconE GisareMB Satoddl veesders tyectors, said

I8ERURNBANeSPoAdINGNARION 8faRoeLeIverivne:atsaith NBSeW Sive 1o &
qdfata vectors correspanding to said th,erﬁqi‘[%yen one of said MB encoded .
B B P ROt SRS B SART R S RARPRE Bk Sy IBBIS Betrspatity-
iatiteasidint paroresponsive todaldeteamiNaian-thatseil aihelgivenn@ne@faid N
said NB_encoded vectors comprises a disparity- in ende ncoded )
R B L AR Wiblopentne
agymrmiemqb@nmhﬁgipeﬁmgsmﬂmme&dw&mnyvmtpmauamrmmry symbol
AHAHQ%@“8&%%@%@89@&89@%%}%%&6{8@’1\'1'% a3UQDMEN AUMB preference is

encoded vectors having binary s%;‘nbol changes compared to
LBFPISPIRGAEPErfe R SIERMANB Shrifeecd and veuteis) préterasri-is given

to MB engoedied wesiorathalate Halangestanc diskalitiiRdanendRak o computer
Accordin tc? seventh aspect of the present inventjon, there is provided a
pgS%?}Htélgo uct comprising a computer useable medium mcluding computer usable
program code tor encoding N-binary symbol (NB) source data vectors into M-binary
symbol (MB} encoded vectors, M>N>0, said compuier program product inciuding:
computer usable program code for obtaining a plurality of NB source data vectors; and
computer usable program code for encoding said NB source data vectors into a plurality of
MB encoded vectors according to an encoding scheme. said encoding scheme mapping at
least a first portion of said NB source data vectors into MB encoded vectors comprising
disparity independent encoded vectors, said encoding scheme mapping at least a second

portion of said NB source data vectors into MB encoded vectors comprising disparity

dependent encoded vectors having primary representations and alternate representations
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program product comprising a computer useable medium including

computer usable program code for encoding N-binary symbol (NB)

source data vectors into M-binary symbol (MB) encoded vectors, M>N>0,

said computer program product including: computer usable program code

for obtaining a plurality of NB source data vectors; and computer usable
rogram code for encoding said NB source data vectors into a plurality of

B U SEE iScTare RRCTal e IS S AN SAHErRE St Eragng me MY

sthemembappipgeatctbastadivst poltiorodfrgaididBes aliteaidatal yeict S encoded

%@OM Bh%@ﬁx d%%\éﬁlx/"t%%%%{“@ﬂéﬁ 9sd'o°t99;f Itﬁ‘xlafllzdeﬁﬁ&ggfngt%?cggne‘;dileme tation,

vectors, said encoding scheme mapping at least a second portion of sai
NBIBYEFCE daterRudrLinty MB eidodedweetorsteomrisingitispariayd encoding
deprendentaacededyestasshavingprimay renwesentationsand alternate: come

representations 7c complementary to said primary representations, said

RS eSS R VB o PR &g 1O NC a8 b bR Bssiadiis o tadnatipyan amount
shigiendpging sechemena fiaciien obaaid MB eRCOodRRinveGONShAMNG! said MB
binary symbol changes, other than whole-vector complementation, )
eclg)cr%%gfe(\j@%%%rr%%%g%diSna‘d on%elgaé? Safc SOUEE trat] B%t(ftpﬁf’wﬁ‘g’r‘éﬁi“’e‘“mr
saihbencoding:. scheme ds preselectadaal perforn dtsedstioreuefe @hta vectors.
reduci neaged,to at least some -other ible NB.to encoding.
schem%%?%%?ﬁ){ suﬁ)sf%‘hﬂﬂ%eﬁlysgﬁmiﬁatf% gﬁe%agng'l{oGnr?ftenoﬁgél:g%rlgpgri?§0%ided :
HEpRAtePIOSTED dSevECROTSRHBINEN WithiniSaichrabtiorrdsaiddBing computer

enepded Mepferhaying saidbiian Syebabshanes Srothel hat inwo decoded

whole-vector complementation, compared to said corresponding ones of _
SaAriie Sonbee O aLitTsIakeasriiy fY A digRti aspBRY 6T teprasdmpduct
imveatien,dhepetis prmﬁ@eplr@g@mrf@rczgﬁ@mi@gglﬁiqﬁhmmpeﬁi%w} encoded
computer useable medium including. co er usable program code for

R iy SAUBT ) EROShE Ve ir e bsoaas Az t o
symbof (MByrsouses datw%gtsch;aﬁdbhha@,i@iakdemputé‘n@rggnmn of said NB
pdughncluding: gomautsr sanle pragram, sode for pbiaining a Biurality ;.
of MB encoded vectors that were encoded rom & pfu alllty ot source

‘@&tar&eiﬂiérgnaeé%ﬁ@@@s@eamaém@cﬁh‘g@@ﬁmpg’aidrémﬁimqswﬁemrce data
VOABRI mg@mgaeﬁk@&@mw%%@kqg\tﬁsp%%ﬂ‘o%gﬁ@ee{@&{%éé@%&\(@s having

e

encod;_ed vectors ,comprisin? disp'ar_ity independent encoded vectors, said _
REHR B HOAE Fria pPin g S e ks S SEEHRUOPOrfiof F SARIAIB Sotirde primary
dpiascveriors id MB encaflad veaectons coMPIsing.disparitbSleRBPIRRE thereto
b%fn 0 %gc\()%%g?c ean\fl/!an% fraction of said MB encoded vectors having binary symbol
changes, other than whole-vector complementation, compared to corresponding ones of
said NB source data vectors, said encoding scheme being preseiected to perform at least
one of: (i) reducing, compared to at Jeast some other possible NB to MB encoding
schemes, and (ii) substantially eliminating an amount of said disparity dependent encoded
vectors that fall within said fraction of said MB encoded vectors having said binary
symbol changes, other than whole-vector complementation, compared to said
corresponding ones of said NB source data vectors; and computer usable program code

for decoding said MB encoded vectors into a plurality of NB source data vectors

according to decoding rules of said encoding scheme.
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primary representations and alternate representations complementary to
said primary representations, said MB encoded vectors having M-N
binary symbols appended thereto by said encoding scheme, a fraction of
said MB encoded vectors having binary symbol changes, other than
whole-vector complementation, compared to corresponding ones of said
NB source data vectors said encoding scheme being preselected to
perform’atieast one of f Y rEduding. o oriparedtd “a(*ttgl])é%lst PSofiEBiferouee data
possibleNBt0:MB encodingnschemespand (i substantially-eliminatings swep of
aamauatalsald disoarite dependent engoded yedorhat Wi e ing
said fraction of said MB encoded vectors Eavmg said blnary symbo‘l

eranRges, sthérthahyiele tveetorcomplenientationcomparédaosaithie vecors
sorresponding anes,of-said NB, source data.vectors; and computer usable
program code for decodlng said MB encoded vectors into a plurality of

NB soutee dita GBcore v ateaitifigito’deesind Yurds s said enesdirg ectors into
sehemey c7drAnexemplaty:method of decading-encpded:VectersdMQined. and in
de ﬂoﬁded _souégﬁce”data{ MOP§ according.to anojt e, ernbadiir.era. Of the
Trésen’ invention includes The Stepe.. bbtainihg it 12a $f11"6f #B eAtegedy o'
sactots:enceded accoldinevta schemepafitherkind ndeseribedcand meny  symbol
ogeoch. n.¢ the encodes -vectors into a plur i t of source data vectors
according t' aecodlng rules of the encoding scharne. An exemplary

en-ibod 'mistitptea) aippafitisifor ehepifgscarcedatiayetiorsdintod vectors into
encoded veclors.accarding.fe;example- 10:a, Coding.scheme o the  kind .4

desC ib C_andin ac dance with yet another embodiment of t|t mventlon
GETHRRIdR E bin iy Sy BB Appentine Modeme [t rmivectar neclude o ful! vector

compementing-maduleandinary:symhol complementing. module An
exempﬁt d einhodi bent of ail. ap paratus, for decodlng Mfg. n voded

vectors iit6 NB Solifc8 data-vise fb?% i actordadnee: ")K/\}Iﬁ% &G serammgn Wil
ipfctheckimddescribed, tand odcedndingto: W E afuigther embodinitVantefthements
Rresent invention, can include a full vector complementing module and a
binary symbol conpielnlent%S modulé gT %esé” af%f othero Jec%s “features

and 2 vantatg Of the present invention will acentric apparent. from the r
Brlinletailed xescrptidn,g illystrative embodiments 1 _tco’, v, nics s to

be relr!_m jrt ccidUt with the accorripanyin, drawings.
FIGT | 15 2 flow chart depicting method steps of an exemnplary method of encoding

in accordance with one embodiment of the nvention;

FIG. 2 is a flow chart showing one possibie specific manmner in which encoding can

be pert formed

FIG. 3 15 a frow chart showing method steps of an exemplary method of decoding
in accordance with the present invention;

B

FIG. 4 1s & fiow chart showing one possible manner of decoding in accordance
with the present invention:
FiG. 5 shows an exemplary embodiment of an apparatws for encoding in

accordance with an embodiment of the present invention:
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k# yet esc aeadav Of I" Cl oei VI Y C. 1is it 'ovr chart del icons metho
steps of art x- rop er t menodi of encoding in accordance with On’
embodiment e: invention: i 2 is a "1-)t. chart showing one pos ib e speci.6¢
Ryannes/ Lsdaick encoding Can be perioriired: FIG. 3 is ii Do" ¢hartishouwings2
method. s tens, of an exemplary method. of decoding in. accordance with
the present invention:. FIG. 4 is a flow chart shoving one possi ,le manner
of dE Cuing in ac orciane;e with the present inW ion,-: "":tit. 5 Show _ an

exemplatiy. YniRANER! AlcabiaRP AR RO 9. ARRO MR W Rng in
an embodiment of tin present invéntion: 7e WO 2006/130467

PSPPI OBH 2043059 RE s BERSGHE aKeati@Mplary embodiment of an
apparat@sdor deghehing:insatesraanag b ianaspeshofibseseRbodiments of
in%ﬁeng%réh 1.ICXBN%I?ﬁd(-:gpicts trellis diagrams applicable to certain exemplary
ermnbbdiments of the present invention; FIGS. 8-19 depict individual trellis
diagramgi{litistativiepit cordaiivedpedts dlaarrmembodintont of dhtajregewnts of an

inyeRighef G8h LR iRsgRIfables of various encoded vectors
accordi;ﬁg to aspects of an embodiment of the present invention; FIG. 24

shows anfnivictmPIFsHe BRiGahvBErkR SRt a8dertsiprnaprsetingrtaspects of an
eaniadiment GfitaepEesent-taviention; FIGS. 25-27 are tables showing

encode cigrs according.to.aspects.of an exemplary embodiment of
the pregéﬁiﬁ%esﬁlﬁgﬁ; ﬁé%?‘ﬂg‘-l&%aerﬁelstr%?ﬁ’%r iagran gxcgf{é]e?%tiﬁl}/élﬁ%?g of an

ae@@@h@%@@ﬁhﬁ@ms&mvembgdimen_t of the invention; FIG. 30'is a table
showing:gagoded yectorsg af-a lvaEatve KRLALRe N o8RG RYERI: of an

FIGS. 31-32 are trellis diagrams for vectors according to an embodiment
o]efﬁglplary embodiment of the present invention;

FIGS. 28-29 are trellis diagrams of certain vectors according to an illustrative
embodime;nt of the invention;

FIG. 30 is a table showing encoded vectors of an illustrative embodiment of the
invention;

FIGS. 31-32 are trellis diagrams for vectors according to an embodiment of the
present invention;

FIG. 33 is a table depicting encoded vectors according to an embodiment of the
present invention; _

FIGS. 34A-34G are a summary table showing sowrce data vectors and encodad
vectors, as well as control vectors, in accordance with one specific embodiment of the
invention;

FIGS. 35-48 are tables depicting generation of encoded 10B vectors according to
an embodiment of the present invention;

FIGS. 51A-60 present tables depicting aspects of a decoding process in
accordance with an embodiment of the present invention;

FIG. 61 is a block diagram of one exemplary form of encoding circuit according

to an aspect of the present invention;



present invention; FIG. 33 is a table depicting encoded vectors according

to an embodiment of the present invention; FIGS. 34A-34G are a
summary table showing source data vectors and encoded vectors, as

wel mssaomisol vectors, in accordance with one specinc embadimsiafotoes
invention; FIGS. 35-48 are tables depicting generation of encoded 10B
vectors according to an embodiment of the present invention; FIGS.
51A-60 present tables depicting aspects of a decoding process in

accordapegswisnam embedimapkief e presant Branion FiG §his 3¢ ric. 61

block diagram of one exemplarP{ form of encoding circuit according to an
" i

aAPRLEIBE IR T SEEMPIAN FROSoBAsouET PEorUS2006/020442
FIGS. 6205. Band Craselagiegaiecdiagiensaf heenceeinggireitofdki@plary
6 I one exemplary embodiment of the present invention; FIG.

6 |§8a&g§§éigéﬁ%alparﬁegf gnpen?c:%aing circuit according to an exemplary
embodifiér: éfttheFpreddneimveniiosrte IESea Blenit@ding luyitigefdG. 63

diresams of fhedssading sﬁm@é@sgﬂﬁn@éﬁ%ﬁ%@ing to an embodiment
of the present invention; and FIG. 65 is a system diagram of an exemplary

computéf Sy Steth R WA BRE P L & ERRBHIFIBHE S Pepr&8awpich one or
invertionbcdimbetdmplenpented i:0AMO2006/4 30464, BE:F/0S2006/020442
Detailed Description of Preferred Embodiments Attention should now be

given to FIG. 1, which shows a flow chart 100 depicting method steps of

an exemplary method, in accordance with one aspect of the present
invention, of encoding N-binary symbol (NB) source data vectors into
M-binary symbol (MB) encoded vectors, with M > N > 0, including the

steps of obtaining a plurality of NB source data vectors, as per block 102,

and encoding the NB source data vectors into a



plurality of MB encoded vectors according to an encoding scheme, as per
block 104. The encoding scheme will typically include both encoding and
decoding rules. In the encoding scheme, at least a first portion of the NB
vaueoesdaiavectors are mapped into MB encoded vectors that/arseoes/o20442
disparity independent. Further, at least a second portion of the NB source
data vectors are mapped into MB encoded vectors that are disparity
dependent and have primary representations and alternate

reRESRABLATSVIA! 8 8 - CRMBIERENIANLIRANe primary representations.
The MB encoded vectors typically have” M-N binary symbols appended to
them byﬁﬁ@‘@%é&‘?ﬁ@%wg&ﬁ&‘mﬂ&&fﬁ b theclsoni doleu Shgstdiy depicting
haweghbin sy syih bo | shanyes, adierd han:sdaeleriie ciamcoms Pieraantatian present
a regd to corresponding ones afthe NB squrce data vec (b
S SR 0 MR TR MRS R oo

pEYiBirtiedderoiseiimsaéinite Tepfsserdiicnosidispdritytdeipenddntlity of NB

enareedaveciRts while,BinanysymbaLehangss  Gte i an Whlg YESIfls into a
co %eme_ tation can be made in connection with dls%arlty- independent
PR e

(GCOPRY BTG L EmE IR R SR PResaratets RTRIGEd O The

suibstéintiathhelmindie tihtcaimonnadd dispasitycdependeniepspdeshles. Tn the
% fall wijthi action.of the M ncoded vectors that have | .

bl@éf g?éﬁslgjn%g?l %ﬁ é%%épc%tgésrﬁ%%ﬂrf%h%% vector- ¢o r%%‘feaﬂ SHfighe mapped into
cOfipared 1d wostres Puh din gisretoidr o urogltatat lestorseAmdyseton of

hereing ernEnaIne.amount ol fiskatit, derendent-aneedsd &ﬁfetgéé m?gtaﬁty
faJl within the fraction described contemplates a reduction compared to a

58P e Bihel e Fo LBl N BSRIRIRIE RS dfg stlkenalss ZrriFaselfione, hat are
usedphereinatsubstaniiatyrelipiaatingiotie amovm aida\&alﬁviéyt%@ Rﬁ;ﬁi@ﬁm have

tors that fall within the described fraction includes both a

ggfﬁ%’%a\r/égl i%ﬁ}lrll%a%gr? it §§1qe i&rﬁ?rrlna |¥Eﬁgfe§msou i&éﬁ@%‘ﬁm e ?)‘:fngﬂcﬁ the MB
dispetiy trepundern bireoduhbettbrsdadlintiovithin M@tﬁe@txﬁ@e«:bfnamtaﬁon,
16 WQ;%Q%(A%Q&@%E&IH&&%QQ@@g%%oﬁ'\:lgtHﬁ%(%@&QQWWOf a general

decoding according to the encoding scheme can be |mpleﬂmented in-—
hETHRFe iH20 AR SRmRiEcaRisR B0 B8 g B TRt ODaPRIRP alterate
precessingdnsasf lershsomiRsEestsaidiel encodingmnd Klesgdinthbol changes

eme according to the present . .
%\ggzgﬁgﬁéqg noe ee‘?f(eecrtT(])Pl%Xmﬁgg‘Pe%ggo%CQan%e mal ecgn %onn-ech n w1et£I disparity-

independent encoded vectors).

The encoding scheme can be preselected to reduce or substantially eliminate the
amount of disparity dependent encoded vectors that fall within the fraction of the MB
encoded vectors that have binary symbol changes other than whole vector
complementation compared to corresponding ones of the NB source data vectors. As-
used herein, “reducing” the amount of disparity dependent encoded vectors that fall
within the fraction described contemplates a reduction compared to at least some other
possible NB to MB encoding schemes. Furthermore, as used herein “substantiaily
eliminating” the amount of disparity dependent encoded vectors that fall within the
described fraction includes both a complete elimination and an elimination of a sufficient

number of such disparity dependent encoded vectors falling within the described fraction

10



described in detail below, N=8, M=10, and the encoding scheme
substantially eliminates the amount of disparity dependent encoded
vectors that fall within the fraction of the MB encoded vectors that have
Binanpeysntsol changes, other than whole-vector complementatioszoeso20442
compared to corresponding ones of the NB source data vectors. Attention
should now be given to FIG. 2, which presents a flow chart 200 showing
exemplary method steps for encoding N-binary symbol (NB) source data

vestnrhairedibinaly suniaek QYR encederd vecianss WithM N5 Quplemented
accgrd&r&% to.aspects of another eé%rﬂpgtlga&rg embhodiment of the ﬁresent_

invention At TeAt L8P SPHE A S EdR RRERTGbRIRSSsRg In at
dependentiepassettvectorditiyatdaliveodiimarycespresentations and

altemate, GRLCSEABRDS ATBRIPTERIANGIBAREATI AR KERIGSSIVAIRNS o be
The method can inClude the steps of appending M-N binary symbols to
tﬁ@%ﬁé’%méé%ﬂ&w@tb‘r‘sst%ﬁ%i%ﬂé&gﬁﬁéﬁ?gwéeb@r@? s peptinBieliminates
ZW,memplﬁﬁﬁFm g/b;iﬁﬁt&rm Sﬂmhkf&&éﬁtﬁgilﬁwﬂmﬂiﬂfimg@ﬂm&ﬂEg(@}m MB
vectors as per blo and complementing,less than inary symbols

0 %Cr?é rﬁrvg&{Sﬁ sc%)%%gh dita d\t/mel}(‘:atr r tgg%%?;in Ha0gFes 6in§&)rtl {5 vector
aprtHangivEt M B epcopietive croreapspinbiock GBe Blosks@0kktandcRA6

are prefgf@myoﬁegﬁeﬁmeféowl%étagm'@l"xoirp@rai[%ﬁw??é%éﬁ?{%”geﬁ chart 200

"substantially in parallel” means either entirely'in parallel or with sufficient

P SRR R SRRRB S SRR BT GBS Nriirsbeeamhy AR ratEer it vectors
emoodingand/onitet (NBY eandee achisyediinihe Ktepophearmeraeaiingts of
inary he. give of the augmented vectors, such
S B B e e Afrnale it S8 of the MB
répredehiiitng chonechidhdimBisn detelvectorsdbdtwotres pordsiie @rimary

OivsaseneRithe :NB sorrsadatayedasfiam Mﬁt&ﬁ&ﬁ%‘f N@NeRS e vary
augmented vectors was obtamedl.) The complementation of the M binary

SYRTBETEEoR 10 Bt M, RS PSR fosicPa sfctPrimatisn bt beariggpols to
thie: MBEencoded denatorsdeeneofditeidispgriyndependom, 1k W block 202,

2 PGRIUS2 20442 encoded vectors, and that a current
r%%%w%ﬁ%%%za‘ﬁtﬁ B{O%Eyn%%%%%cﬁ requiret ggﬁfn%u%?gﬁéen y ef%%ﬁgsc;)ﬁ’é block
otthe*MB ERRSETsaRCos I Nk Birebrinté mrathingless waneNata vector

biaryafy M@sﬁﬁﬁﬁ&@ﬁ&ﬁ&i\éﬁw&f)éwm MB encoded vector, as per block 206.
Blocks 204 and 206 are preferably performed substantially in parallel. As used herein,
“substantially in parallel” means either entirely in parallel or with sufficient parallelism
that desirable enhancements in processing associated with encoding and/or decoding can
be achieved.

In the step of complementing M binary symbols of the given one of the
augmented vectors, such complementing is performed to obtain one of the alternate
representations of one of the MB encoded vectors that corresponds to a given one of the
NB source data vectors from which the given one of the augmented vectors was obtained.
The complementation of the M binary symbols is, at least in part, responsive to a

determination that the one of the MB encoded vectors is one of the disparity dependent
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the NB source data vectors, such complementing is carried out to obtain a
corresponding portion of another given one of the MB encoded vectors
that corresponds to the other given one of the NB source data vectors.
Thexempiesnentation of less than N binary symbols is, at least/inspasieo442
responsive to a detemiination that the other given one of the MB encoded
vectors is a disparity independent encoded vector. The method of FIG. 2
can implement an encoding scheme where, in the assignment of MB

epgQred YesRrSHAinhave RnANSMPALIANIRS CATRMUEH [Sequired starting

cqrresponding ones of the NB source data vectors, preference is given to

MBS S dRrets  that S adidcsaieid disparity independent. As

describédithetgoofplenpamiingiof lessiiaN dirbinahayRbeiheathdgiven one of
Perfaued diegly Al soHEeANRRHETs oWVl Il B BEIEYSl o onging
a va_ntageoust at .SUC complerr?entlng %% carrie Ol?t on IhéfVlauanl S

oPHE B rivetthen FetopaForhibe ME wiceded HRgturatbatinoplertiomBAohthe other

opienessfisrimplameniational hemethad showedRnflen M8 M 10 binary
an @ encoding scheme assigns substantially all of the MB encoded

S B BT S TREBIER i 6L BTG 6" PR eFyone of the
ohB3 afchiBd seutoe datalispetiysitdeptBdencacedadkctorsr thaharachalantadG. 2
a i ity 2rejn, " tanti I" in es .,

o S A RE e B¢ SRS S BN el et
abdGchinetywith palr shengidbcessingd 48 astuasadinhenes chrilseNB source data

a@&ﬂ@]\/ﬁdpr;gf&eﬂ%@th@%ﬁ@pﬁ) Cﬁl@%ﬁ@b!ﬁ({: @it%fgéﬁéﬂ?%b&aﬁggﬁfﬁ@%ﬁspaﬂty
sub-steps for performing the encoding ste epic n . using,

e A L R A B b B I A e be
Ipsteimechsisthy app@dipgst@pgise@mbsmmlbj,a‘s ipteliowsl ypdiescrgoedk that
Indbesten ol sampismenting M DinanSvn RS o e %%%&%&h@é@s formed in

vectors from which the augmented vectors were obtaingd In the

SBECHRP pbiisH G IR BIAdirEe daransertsibninpkansmairasbiie: madatshown in
shibld howdhengien lad e 3nwhich shews adlow chark30Ienistipg the MB

exemplary met teps of decoding M-binary symhal (MB) encoded -

B B R S A o BRSSP of N
Nouge aletorgitertdo MROrRB06/430467:PET ki BRCHGI0@ Wsparigninthpendent.
exenRipLGhadri e NesPhLIRYERIoN:, The.methatdneudes IS cuch that

steps of
advantageous benefits associated with parallel processing, as discussed above, can be

achieved.

The method steps depicted in FIG. 2 can also be adapted as sub-steps for
performing the encoding step 104 depicted in FIG. 1 (using, for example, an encoding
scheme as described in connection therewith). In such case, the appending siep is
substantially as previously described. In the step of complementing M binary symbols,
the INB source data vectors from which the augmented vectors were obtained fall in the
second portion of NB source data vectors as described above,

Attention should now be given to FIG. 3, which shows a flow chart 300 depicting
exemplary method steps of decoding M-binary symbol (MB) encoded vectors into
decoded N-binary symbol (NB) source data vectors, with M > N > 0, according to
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obtaining a plurality of MB encoded vectors encoded according to an
encoding scheme, as per block 302, and decoding the MB encoded
vectors into a plurality of NB source data vectors according to decoding
rute stod/theencoding scheme, as per block 304. The encoding ssbesieo1s2
can be of any type in accordance with the present invention. Now viewing
FIG. 4, a flow chart 400 is depicted illustrating method steps, of another
exemplary method, according to another aspect of the present invention,

fométreoding firdina &y aHak (AL RNEAGRR Y CRRESHIRN AT YR of
(N@)ag(gug%e glratﬁ ve%&%[g, M >dr\é> O% where at |least some of the MB

eRCOURTA L RIS bt & B A7 58 pERIgEN TSRt AEF DBtg Ot AR CRGRsERE scheme,
pﬁmajtyhlepifeféé’rntattbds:adidgatterh&een@@eabe_maﬂmmﬁcccarppiﬁﬂtt@rﬁawﬂcsource
NeRrRasK iretaspRAR R Me AN DA, (S 1B ARE 304, The

block 402, of complémenting af least N binary symibols of ‘a given one of

tHE99E"S SebHRY Fa e AL ioretsarscaiTar o Melbtn RIS Biykstietata

vectors Xat ewespeItisdathewivien: e af Hhpibld emeedadVerifr.: steps, of
Th > £am }gg@qntattlgrh%fdthgcgtr c{eas% N blrﬁ%y S mbolgf ar(;P lﬁﬁe gr%s;%%r%\éo% for

at least in"pa 10 a determination that tHe Givé Bhe®

véeseiais Ynkimf thevaltetnd&y ersivled ok one: dhthdN-tisparitydepedgnsource
epgadeeivectars- tkhe ingiied aB.alsgiRcldrhesteR_EeynRieling disparity

less than N binar, symbols of another given one of the MB encoded

vEREPETH s SEPUIELK AR UBRIC oM e nkEIHY of TRESIHAHORShiRRfy alternate
smmtmbemfafmﬁ@gdeﬁwﬁhﬁrﬁ%pe@@ﬁmm%qﬂm fﬁ@:]@aﬁeﬁcme
giyen, rce data vectors that responds to the.other

R e B R R R e St e of
NsindR eysntulsveainmseloatehsast in A espohshe XB asdeterriitratioriors that

thakHagoRiey gverangebineE %ﬂ@&%d@!a%@.r%%%@g%taﬁon of the at
|r1§%gﬁpgent encoded vector. The two complementing steps 402, 404 can
b 0

R SRR Ay o 1R ERIY Cadt [Cah isiEintert defemieing that the
sghemerin e derddBcenvitirdnegresénbinventing alfeene: MeseRasiGHalE the

asResiokthe method of & N8, M=10. and the encading scheme ,
e el e e Al B (R B e Pomptrng

st hahigey ormphrerre theraspordng baddberhednb/sdorsaptablock

vegiorsun MBngreader v ectess tihatera holanee et §sPafiYmed to recover a

indegend nt. 13 WO 2006/1%10467. PCT/0S2006/020442
corresponding portion of another given one of the NB source data vectors that

corresponds to the other given one of the MB encoded vectors. The complementation of
less than N binary symbols can be, at least in part, responsive to a determination that the
other given one of the MB encoded vectors is a disparity independent encoded vector.
The two complementing steps 402, 404 can be performed substantially in parallel, and
can implement an encoding scheme in accordance with the present invention. In one
more particular aspect of the method of FIG. 4, N=8, M=10, and the encoding scheme
assigns substantially all of the MB encoded vectors that have binary symbol changes
compared to corresponding ones of the NB source data vectors to MB encoded vectors

that are balanced and disparity independent,



The method steps illustrated in FIG. 4 can also represent one manner in
which step 304 of FIG. 3 can be performed. In such case, in the step 402,
the NB source data vectors are contained within the aforementioned
sacond/potiton of NB source data vectors. Further, in compleraerting/ozo442
step 404, the NB source data vectors are contained within the
aforementioned first portion of NTB source data vectors. In illustrative
embodiments of the invention, the encoding scheme produces a DC-

balancethtranenaissieps Gada Jrd ther H"dg{aall'éé?r% &%ﬁf@ﬁ@ﬁ%@?qﬁ which

invention, the primary representations of the disparity dependent encoded
Rt A e ? RGO 55haly SihedicpdRdinstop tRetisrNE source data
ilheestrativeee robadindentshai the infentianiokdl centrdl yealonSENEB source data
C%E%?QO@HP&%M? &G S%Igt? tr% Vﬁ&ﬁ?%ﬁe%es%&hcg g\e{% %e fors are contained
complementary alternate vector. In Bn exemplary encoding Sehema
drsiisdhe Berneninere Bie FoNBib EvEsHistanecMIB corresponding

encodeh GOkl VESEBSdRAGs ¥iith-GRTBRIBRINtaR AR ¥E PR ces 2 DC-
Rb%geren e should now be had to FlG.,éS, which depicts an exemplary

appatatus BB R BROSHing Tt aly BT (B edied uatahretigraion, the
imoadchirarsssyatiook (M Bl dispadedivscitng, accdkdivgdoraraspabtak of two

tb@oﬂ{a%?e%{ﬂé{ﬁ@g{%&nkﬂ >FNTEBQ,’ ﬂpgéﬁéﬂ‘g@\% gl%[ﬁ)%lgetlng MBcheennggEtgon, NB

vectors are disparity dependent enc vectors having primary
reprEek e s A d WresERans gy B raodad CoRTpETetitary qantitach have a
PEVRBIYMERRISAURANANSehe BRPA A DORCAANEIIIS RRIRARSYBR Hslow,
%néjgng 1Q}g)dul 5 Zé o tiondal;yg/&dis _arigrﬁ]onitorinlgﬁgrgodule 504; a
lirVedtor complamenting médtié Bos AP By SyHilofonirol vectors, each
cuiiptern etingfanodidmB808sBimary symbol appending module 502 can

be configured 10 apRENdNM-HL Binary ?Y@)l%?lvc(rﬂ?cfp gegkass X %ﬁﬁg‘gﬂ taglf.)paratus

vectors so as to_obtain augmented vectors. Where employed,
mehiRrgIBatiP s b CRbiew e dHe Tmivecivpddrhisementby (MB)
nepchdel 506 oaNaecanpg osfigheddothdelersingeHient MBNQg dispariteast
er ones g.f the dig arity dependent encaoded

St OF © (318 }aa{

for use ip assigning.pro .
R B e o L B Ut RSP el havine primacy
cemigleratinting mddudsiBcarcbecoifigusedcorpdempiganenttM  tivargrimary
- ¥RbASA{AOMeR AeARIDSRUIMERIRS Vagiors, m%éi'gbgé@&y&%m 502;
alternate representations of one of the MB encoded vectors that _
CBPERHON S P A GRBATBIoE S RANEE Lb b8 s escmriomsinmme it S06;
ginén binerpkihdeugmeriaehvagtormsivasosdIBNGE: symbol appending module 502
can be configured to append M-N binary symbols to the NB source data vectors so as to
obtain augmented vectors. Where employed, disparity monitoring module 504 can be
coupled to the full vector complementing module 506, and can be configured to
determine cutrent running disparity for use in assigning proper ones of the disparity
dependent encoded vectors to given ones of the NB source data vectors.

Full vector complementing module 506 can be configured to complement M
binary symbols of a given one of the augmented vectors to obtain one of the alternate
representations of one of the MB encoded vectors that corresponds 1o a given one of the

NB source data vectors from which the given one of the angmented vectors was obtained.
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14 WO 2006/130467 PCT/US20061020442 The complementation of M
binary symbols can be, at least in part, responsive to a determination that

the one of the MB encoded vectors comprises one of the disparity
sapardertencoded vectors and that a current running disp&dtiyrdressnot442
match the required starting disparity for the one of the MB encoded

vectors. The binary symbol complementing module 508 can be

configured to complement less than N binary symbols of another given
offacot dhpiiBesotisoeddala veciorsioaiiaiam soreeIpandingpriapakive to a
a@&% I%Y&p tﬁgtegﬁg t(ﬂ]% MIB T nﬁfﬁg%glc\c/)?{cgo (%J Q??t] %81%68 %nggetgf[ll of e gfspanty

other given one of the NB source data vectors. ec ment

kD IRdIRINEBIAARY SpRipISISediritet ap@rmmeamaﬂaegmwpaﬁomm rsateh the

tqe@i\g@‘@rgmmagmmﬁwmrqlméﬂ\@n&mféﬁ&d%@&e&de%\éeﬁi%% ISymbol
a dis r|t |nde ‘% nco tor The binary symbol

cOomt e?ﬁenmggl nga %’I’J’I’F‘%/E POPBOFISIE SR (G Rt symbols
SOBaoath@@lwnﬂgmpé“dht@lﬁbesreumeasddd:stwutm"Iémeanalbsboﬂswsaﬂﬂﬁemon of

%HQ&&@%%H dPH ﬁl?i\/l}? QR&HQGE%&&G&&VESJQS%%% aﬁxé %E f thven one of

above. The modules 506, 508 can be coupled to eac er an

cORAgErEYs it R a@%ﬁ?ﬁ@iéwea@#@lmé@@é&érmsmbem can be

Itie-heteves prelaraple: thabheivad lé'%&@ﬁlﬁﬁiﬁkﬁﬁﬁh@%@ @ﬂ@f%@ﬂﬁit%ne of the
r}aﬁ(ldual b(t[ts oftthe augH}ented ve tor any rlate S ne for
complementing one or more méflv”l[1 VRO rff%%?v?l F%Oéhcg g Symbol

withipteesdapenofitie {8 sernt ﬂﬂwemiione%urmmphmﬁmgt a@duﬂled()ﬁ can be
h%%rs@%mb%draww&e!ﬂ%mg@&?ﬂfélb@Q%éa%m&'yd%ugg{&& SRUR! D tter

|nd|rect coupling through one or more other components, sh a“&% one

Rergithe sime seming assd BatbaboyRd e mesulestson aofinmarberratpled
|mﬁaeem@tﬂmyammémeﬂﬁgum@wm@ﬁ%@aﬁﬁ@ﬂtmcaamg@umg EeRtibed

their inputs tact on e identifi d their abels on the input
Ilﬁférgqu r%qu?rlggv?n ﬁwé%eer%lr%nag&hgr%oél ng SCHEmRE H scusggc?}géaigv%}idw‘dual
(WwitscH theraegintitisbecetoanmplany appremidieritingls fparfdemeiteg one or more

apReRdes binaty SYmbRls fa&a&ﬂpégsedda&mbmgtéaaa‘et%? ﬁ%uﬁggsgﬂtﬂwentmn

vectors and all “the control vectors remain unchanged upon encoding

HEFBrEio it A8 GREFMOERBLE, WHTEIR iskisles ahoRambraly inciude

eﬁlbﬁmhm@ﬁhglflﬁsﬁmﬁwdbl@ﬁﬁ@ feodgeosing MobinahySysnpehiMB kharing of one
e rcodedl vectors into,.N- b|n dat cto

e g L C%C V\% e s éiésctelé bt e“ﬁr%ﬁé QRIeBl ROt 5a dadition Eﬁé in exemplary
embodiments, modules 602 and 604 can "see" all vectors at their inputs but act only on
those identified by their labels on the input lines, if required. In the exemplary encoding
scheme discussed below (which is meant to be exemplary and not limiting) , apart from
the appended binary symbols, for random data, about half the sowurce data vectors and all
the control vectors remain unchanged upon encoding,

Attention should now be given to FIG. 6, which iilustrates an exemplary
embodiment of apparatus 600 for decoding M-binary symbol (MB) encoded vectors into
N-binary symbol (NB) source data vectors, in accordance with an aspect of the present
invention (M > N> (). At least some of the MB encoded vectors are disparity dependent

encoded vectors that have primary representation and alternate representations
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invention (M > N > 0). At least some of the MB encoded vectors are
disparity dependent encoded vectors that have primary representation

and alternate representations 15 WO 2006/130467 PCT/US2006/020442
eomnplenmnary to the primary representations. Apparatus 690inGludesass:
full vector complementing module 602, a binary symbol complementing
module 604, and, optionally, a validity check module 606. Full vector
complementing module 602 can be configured to complement at least N

biayaweakels @f @@b&ﬁﬁa@p@e@t%&thﬁﬁn@nm@g&aﬁ%@w IRCIREQVETA vector

given one of the e dat vectors tha corr ponds to thefggven

oF B TS e??8§ Ctoar ‘Fﬁ-@’ cb TRDH e BPBHE R4 and,
bu@agn&mmwlﬁzchambakamﬁaﬁ E@@th;IE%pM&mﬁtem&iﬂh@mmmﬁ@ﬁ%aan be
G, AR PRESENENME £ “&%P%YI%?%%%&Q%PIL Kll@eﬁ'iﬁ{é‘ @%‘%h‘é%ﬂ?&%coded

of one of the disparity dependent encoded vectors. The binary symbol

cHHIE PRt IAYSABE s snyise Ebt pretPts it qorresropdito the given
C@iinJﬁtH@MﬁB@zmwQ@Q&aﬂﬂl@aﬂnﬂﬂeﬁmfd@ﬂm@ﬂ%@@ﬂ@lﬁmlblﬂﬁéﬁswnbois
than AL binary. symbols of anaiher given,ane of he MB encaded veelors o,
réeover & corresp ng portion of another given ohe o e NB L0

deteodet it isesp o dinglttondie Giisengifamonbtof dispaisy émdenlt encoded
veglors. The complementation of less than N binary symbols can be
performed, at least in part, responsive to a determination that the other

given onaSOPREMETSRE SRR RERRS E‘%Fﬁiéﬁﬁ?ﬂﬁlﬁ%ﬁ@haéﬁ%ﬁlﬁ%&éﬁm full
veainE chesidesmti? noliklandz(apiieaally Gﬁﬁigaﬁcbeaca@ﬂgmm&tq»ass than N
ogerate sut gntl?ll ”}h arallel Wheref stg tlaII Barall%l"h st
meaarYng Set forth a ove 6(§ufle %%)2 604, and 81(5 can be conflgu
tedrskandEng @ﬁshem@édmstﬁémeqwaéémdaﬁ@@wmdmevm@en@rr sponding
'QMQH&'QH:ngfvE}xV&h@ HMEGLORSR MBRAIRS/ 882N d ROA G RR AURNYES ss than N

enerate arbitrary outputs. In the exemplary embodiment depicted in FIG.

6blﬁ1"6¥l s ‘é&ﬁ%éﬁ%@“&%@cﬁr}ﬁéﬁ ﬁé‘d’i‘&ﬁ?ﬁé’%ﬁ‘fﬁeﬁﬁﬁéﬁ@&%ﬁﬁ&rﬁm the
sytibolsvdvl odelest (60 256 6d; a6 m‘:‘see'éthe;app;e noiegddnifumryesyedbdleector.

’\}Q/fte ”?Hb%bﬁ'(ﬁfu&%%n%%%'ﬁlﬁf%&ecadx @%PQ?F rS{” ARy in

atthe full vector o omp enting moddle does not ave t

comrlelnidrmrocetbptantialinie paralely hastHs mmw%@ﬁbp@@w ffodules 602,
aHeAN&8)sd88An be configured to implement any encoding scheme in accordance with

l'e((}:PVBI‘ a

the present invention. For invalid vectors, modules 602 and 604 can be allowed to
generate arbitrary outputs. In the exemplary embodiment depicted in FIG. 6, modules
602, 604 are also configured to strip off the appended binary symbols. Modules 602,
604, 606 can "see" the appended binary symbols at the inputs but such symbols can be
dropped before complementation. Note that the full vector complementing module does
not have to complement vectors that are already in their primary (as opposed to alternate)
form.

Where employed, validity check module 606 can be coupled to modules 602, 604
and can be configured to obtain putative encoded vectors and to determine if given ones
of the putative encoded vectors are valid MB encoded vectors. Note that this can be

performed by comparing received vectors to valid vectors to determine whether they are
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Where employed, validity check module 606 can be coupled to modules
602, 604 and can be configured to obtain putative encoded vectors and to
determine if given ones of the putative encoded vectors are valid MB
srzodedweetors. Note that this can be performed by compawing seesived 2
vectors to valid vectors to determine whether they are 16 WO
20061130467 PCT1US20061020442 valid, or, conversely, by

determining whether they are invalid, for example, by comparing them to

inuaiit] ectossvaheymeihadedeseibeshbaieiniggn he implamenedingple, by

ng&g%igé i@‘nelrl%r}ir:l ways: Cfé{))g_sgxample, the apparatuses depi_cted in FIGS.
5 and 6 can be employed. Such apparatuses can in turn be implemented

using a Atifbehedsdermibritkerpingrodurimitdsminstiéied tvaber loitigate ways:
implesensaionobie-kinddessihadigelawds prefaraple:y R S1oved.  Such

changes and modifica%ions can be made to the exemplary logic gate

i ISR T B oS d MRS SO RVIHE R et dscmipnsry B miseent, it is
ebhdoding heheneihapiusiratesprineiptdsihandieohnigites okibe peseRtable.
[ ion. hat th ftal."B i SB/I(e)B refers_generally to."Binary. .
gﬁggo&l %\i}r%j('()gllt“%éng%l ﬁn?ﬁ%%&éé%tlﬁoe%smg?g stf)em |%£t%rstrﬁ ﬁ}? (?i/‘g‘fé%‘ﬁ{/y ﬁ}gl ¢ gate
répreEBRTEE Y 2pmptedhergiatinction from codes which use symbols with

more thanetifolanelR, £ Sxdamary Symiols with fuaslavels 8RR Winciples
referred to pital letter "T". Alsg, the number of inputs is actu??II% ;
TeIerS

by the ca
ning ttgcaclé%%sn?gcﬁé?epé%sﬁﬂio%’ﬁﬁ?ﬁ&e Ol Bt GAREaT SFrefdrSBAL
detecralbitors Bingr(NBIME, Schiinestdtcivedingite tedmestit taventioftypically
i iredqals r i such as control
R R, 0B S BN R AR S et o
USHER B tEEY S BE DR e dareincconeslTisiuted tpbritie capital letter

non-date charaeiers istlapeled withalld: nidde Rits.afthe £0464{P BryeRiars and
are I&?ﬂ%e(rj %(V{g e}@épléﬁveg case letters "i@,ﬁ fghij." In the trellis diagrams
stch 28 Showr ASFE Y S8R UBREFY He BFBreaqRRE g to the present
rapresentmaybif withel \adodofcame; conversely, iasiepaicouwnwardscharacters).
"PRECHRAS A f1hc e ZRNIAL LORINAICR QNS AR AL I rerer
are labeled by a number in ascending order from left to rig t:lﬁ}gc]h unit

incr r8RG s S AldaRT el meciPhaowsiie shawsiainiatisbdledonth "K."
repeasenifine cumringlispaitR RISIPICEEEHhOW FIPVWRE (RS8R "abcdefghii."

In the trellis diagrams such as shown in FIG. 7, an upwards sloping line for one

interval represents a bit with a value of one; conversely, a slope downwards represents a
zero. The horizontal coordinates on the time axis of FIG. 7 arc labeled by a number in
ascending order from left to right. Each unit increment represents one additional bit. The
vertical coordinates which represent the running disparity are expressed by a lower case

{etter as follows:

* b (balance) indicates a disparity of 0

*  u(up, uni) indicates a disparity of +1 when paired with an odd preceding number and
a disparity of +2 when paired with an even preceding number

* m (minus) indicates a disparity of —1 when paired with an odd preceding number and

a disparity of —2 when paired with an even preceding number
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letter as follows: b (balance) indicates a disparity of 0 u (up, uni)

indicates a disparity of +1 when paired with an odd preceding number and

a disparity of +2 when paired with an even preceding number in (minus)
Woicatgsseddisparity of-1 when paired with an odd precedingpaurmsenaird442

a disparity of -2 when paired with an even preceding number 17 WO
2006/130467 PCT/US2006/020442 c (cube) indicates a disparity of +3

when paired with an odd preceding number and a disparity of +4 when
pe;]irectusm Ciam'@u@@ @mﬁddd i:pgamnb%d n %ﬁﬁﬁ@@éﬁﬁ%@%&&?ﬁ@ﬁ#@a&d a
whepn paired with an o eceding number and a disparity of -4 when
pair‘cia-?aB Wﬁtﬁ g%r?ﬁrg\]/‘@e% éiélééivr‘{b huniber 2V %ﬁﬁgalﬁmﬁ%rer?eral V) indicates a
dispafityesh #8listenaphsradiyvith-gnvdud preeediith anunibercandting dispbeitynd a

of +g4yhan peirednmith AR LYRR BT Cetint BUNIIRB4auint) indicates a
dlspa\;{i% of -5 when paired with an odéjﬁg)recedln number and a disparity

of -6 BT PaftEReiRhtY kit Evrs Sreicearity Mumoshen Rrsist Ay haf afdpaeceding
dispatiiyeofund adigarpaise dovilieapandd precedingnisbénganadnbdgisparity

of + iked with.an even.peeceding number s (seven) indicates a
e P LR o8 (RS S and o
of - SR H YRl réawhih Retresheihpre eedlimeeaefiiiserixt®oman numeral X)

indicatesyerisnakits alikdwhesy pairad With-anwdd Rre e gt W ARRTer and a
and a dis argyrof +10 when paired with an even preceding number n

(nin&® ’§¥iﬁ &F iNBRORBLE Wit EHEY e 26 SHABS PUREEF with an odd
prece@ngnhindibaeandigdispality ofito palved palred widpapeaugmumber and a
pregedi n ] e, the ression 've” in the left trellis of

FC e T S AR ARSI TR e fitn it (o) and

the EXprasambripeSfbiadienteciishisprytyaiud oThen anerdivatbg eddinseceding
sixthuithEh el @ diéRyust the) elis FiRarams farvesiRts-aamptkiaig up to

10 bits. The left-side trellis is used to define the vector classifications and
the ﬁgﬁﬂ%?délﬁ%ﬂi\’se RS e n F‘H%‘fyo?%ﬁ e O RRHE OIS 18r 898 ARG ne
fromuth&eiongin doseaich sfod 6. Wetepthatitvibemn aymberscadinghentibal. to the
binomial coefficients.

As an example, the expression “5¢” in the left trellis of FIG. 7 refers to a disparity
value of +3 afier the end of the fifth bit (¢) and the expression “6¢” refers to a disparity
value of +4 after the end of the sixth bit (f). FIG. 7 shows the trellis diagrams for vectors
comprising up to 10 bits. The lefi-side trellis is used to define the vector classifications
and the right-side trellis shows the number of different paths or vectors leading from the
origin to each node. Note that these numbers are identical to the binomial coefficients.

The following notation is used for names attached to sets of source vectors or

encoded vectors:

*  The first capital letter B, P, or F indicates the disparity of the coded vectors:
B indicates disparity independent balanced coded vectors.
P indicates a complementary pair of disparity dependent balanced coded vectors
which are selected based on the Polarity of the running disparity.

I’ indicates a complementary pair of coded vectors with a disparity of four.
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The following notation is used for names attached to sets of source

vectors or encoded vectors: The first capital letter B, P, or F indicates the
disparity of the coded vectors: B indicates disparity independent balanced
vadedaeoters. P indicates a complementary pair of disparitydepsngentossz
balanced coded vectors which are selected based on the Polarity of the
running disparity. F indicates a complementary pair of coded vectors with

a disparity of four, 18 WO 2006/130467 PCT/US2006/020442 A second

CapftalRARE CIPPOLRISE: thaTestds HECAECR uRIBEF BRI ehlsdardetisrtor
or theiventicatdnditigcooodinate in the left-sittettrdiiisdf FIG . 77 whinglibeapital

capital; Oﬁeorﬂgg ngggﬁﬂ,%%gtl S@I%&g_sted above. A third capital letter, if

present, indicates the value of the control input bit K Up to three leading
capitdhisderriiadstise Tomsiral Bdiee shavale sdikorepiohipat Bibfed
With% @We@@é‘ﬁﬂlﬁétezﬁﬁ@ain&iﬁ%%ﬁ?m@ nodesdhreugh Whiththes of a number
members of the class must go, or,not go jf.negated. Vectors.goi

e SRS R KOS SUEEAE HAERE Gt BREarS o e R e e of
vg@t@rslaﬂ'mmﬂomg o streegdein Westteftgside thelliglofég@:dmoddsee.g. 41,
thi rﬂ@@ﬂo@@ﬂ%ﬁ%ﬁﬂg '@Jﬁﬁﬁ@a&tg?%ﬂ%& .@lﬂ%&m&ﬂgm@d’[ﬁq Hlﬁ left-

any, which must be complemented to obtain the respective coded primary
vecter. teE RSt 18vé: coded bits i and | are appended with a default value

zerqiandheompleiieniag, ipindicatad, byharalassication mameceadingtdNik any,
and/or J, respectively, At all JOB boundaries, the running disparity can

T e R e S SO A
balarceciahdithispmdty indegrmdehtitaladctadlandludigpartypdeperideanted, if

or haN&RMRPARN Sfi bl e CUERRLI UPPIRG/disparipeal 4 yte boundary

is positive (+2), only disparity independent vectors or vectors with a

required positive entry disparity may be entered and complementary rules
apply 6 é%%ﬁ%?é“‘}ﬁ}‘ﬁ?ﬁﬂed?%%‘ﬁﬁﬁl%ﬁm TS BReIRE %%Yéé‘es D=t2.
chKs sertianslaindsata s singiesabalraced digparitningenentdeiianced and
encoded vectaqr. {AII other Sg.vec.torsﬁ?[g ggqglatedﬂinto one of a pair of b
CERBIBRTERTARTTIH VA& Sr&RRB G 'to thE ISy R Sty a a byte

boundary is positive (+2), only disparity independent vectors or vectors with a required
positive entry disparity may be entered and complementary rules apply for a negative
running disparity. About two thirds of the source vectors are translated into a single,
balanced, disparity independent, encoded vector. All other 8B vectors are translated info
one of a pair of complementary 10B vectors, according to the disparity rules above.
Serial transmission of the coded vectors is assumed to be in alphabetical order starting
with bit “a."

The 8B/10B-P code includes a total of 263 source vectors each translated into one
of 352 coded 10B vectors as illustrated by the trellis diagrams of FIGS. 8-19 and 24. All
the other 672 10B vectors are invalid. The use and interpretation of trellis diagrams for
this kind of application is explained in the '062 patent and is known to the skilled artisan.
174 source vectors are encoded into balanced, disparity independent vectors, 29 source

vectors are encoded into balanced vectors which are disparity dependent and have
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Serial transmission of the coded vectors is assumed to be in alphabetical
order starting with bit "a." The 8B110B-P code includes a total of 263
source vectors each translated into one of 352 coded 0B vectors as
Wasteadachlny the trellis diagrams of FIGS. 8-19 and 24. All themntham&Tia2
|IOB vectors are invalid. The use and interpretation of trellis diagrams for
this kind of application is explained in the '062 patent and is known to the
skilled artisan. 174 source vectors are encoded into balanced, disparity

IRERPRACRNLVaElRESARiSaIER VRCterRmRigeneaderdniachataneesheh encoded
vectors v%g%:h ar di%?tarity degﬁnden_t an hgve 19 V!? 2006/130467

PET RIS S00BITR0HAS  ERBIThERTR Va2 SEREISSE “4Hd the remaining

60 sourBmaecidrs ameechiemtde hartotome efldedoraplerngnatady pathefcode
SRS AR Bht TEEE- LR EOAAlAIIRCIGITORUE RIBD users

Y

added, as compared to the code described in the '062 patent, which can
genérate BehigUBLS TliNg Brfvehttasitie ity $serbite s Thendagibaracters is
exghfcle/ those ehatasipisdf these ghihenewieonohehiasacters isew control

Cc requ lanned, contiguous runs.of five can sgll bge avoided, The new. .
TR S S R A R e B S bt
bigtbofemidnphinteblén italic font in the tables. There are 174 disparity

indepengiept halenced ueeiaRiaediusipiesls Fias 8 & PnBARRGES. 8 and

means that the running disparities at the start and end of the vector are .
ideMCaICORBEHY BT R HEe hiadHi il they'atinthd enfepEdhp yector are
sdeuenRcaOiecidnscpegastlie ssafsthiatateenirstading cispariqudnigioaectors
have a value, of plus twq or. minus_two at the vector boundaries. The 174 .
o B R B N DT G Bt oo
TGt B ectavbethdmisso at the leading and trailing boundaries with the

exceptigpof7ihadhnies disnrtibedsrapaant vaetois ahidG b8 deddhalith a run

complements with a trailing run_of two followed by a run of one and

afBEHePran BRI DSHG thibhdtatioh ekt tuade e tifseepption of
Fl{s §u-& divg Ricadebendescribiec by e efprestidnsoBfeBaiTciSibtitaning run
R S T SR e
above, the trellises of FIGS. § and 9 can be described by the expressions
B3c’5¢’7¢’3038° 78 and B3c’7e’3t’7t°8b, respectively, The latter expression inciudes
some vectors of FIG. 8 redundantly. They can be excluded by the addition of the term
5u'5m’,

FIGS. 10 to 12 show balanced trellises with a required negative starting disparity.
For a positive running disparity, their complements must be used. The three vectors of
FIG. 10 can be described by the expression P3u5Sc7uBu and their complements by
P3m5t7m8m. The eleven vectors of FIG. 11 in solid lnes can be described by the
expression P3cdu6c’7c’8m’. The vector P3¢8m through the node 8m is assigned to the
alternate version K248A of an optional control character K248P (P3t8u). This polarity
selection simpiifies the equations for 10-bit vector complementation. The fourteen
balanced vectors of FIG. 12 can be described by the expression P4c’6u7c. The vector

through the node 2im is assigned to an optional primary contro! character K124P.
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5u'sm'. FIGS. 10 to 12 show balanced trellises with a required negative
starting disparity. For a positive running disparity, their complements must
be used. The three vectors of FIG. 10 can be described by the expression
RaubesuBwsand their complements by P3m5t7m8m. The elevan vanioss 42
of FIG. 11 in solid lines can be described by the expression
P3c4u6c'7¢'8m'. The vector P3c8m through the node 8m is assigned to

the alternate version K248A of an optional control character K248P

(P3t8u)rr£h1§zaﬂwwea%l%%@ﬁé'wﬂﬁ% mepeﬁ%nnﬁsf%&wweegeﬁbed by

complementation, The fourteen balanced vectors of FIG. 12 can b
A& CHBSEFSY tH Ay IS SR BAPb T A s Yo e ﬁ%‘rl?fﬁ&%%g%?]’é 2hpgine
agsigned’ BI@n @ptidihad dispaaity o pinsl foharadter t¢g2dke. 2QNHD entry disparity

%%Q%@Q%@Zb%@@%1%09)@%9&%%1‘%2%5%@" UGN qk FAQECIJ{&MV'H} the
isparity of plus four can escri y the exp ession F4ubu
CORTpIENTe AP TR G 5cHIR M9y e bnpsredupsatAhserngrise speny sequpacsf The

Eii@ebiaé%wiﬁw & digpanty @ﬁ@luscﬁ@wr_ @gl 3‘3;@%17@9 altjyfe iﬁ&l@rﬁé’n@ﬁ'&@’é@iﬁ@%ﬁt&n&y
n pe des ression C ent Is gescri

R e TR R RN B e e COP R g by
dbemasequeiicedibiFt. niie dectoesiab IéfCE‘ ICESI\mm{h disippaityyaffplus four and
19U e, RSB G 05 SRR AR PSSR Y 75, 1o

expréssion Flu4u6c/c. Its complement is describ e expression
r?{{?‘foff

ERHPRBEARL TPHESTOHPSFebYols SRrTessian g e didha Bl YeeiPapb s 17
ne@au\@speﬁwred@mrﬁéﬁi%aaratmg@ﬁviaedalaﬁeﬁb@e@ﬁlﬂperﬁm@ﬁmfescnm by

udu7vsc. It mentl des rlb h eSS|on F2m
R ol R R SR et RS RERON RS e
récpumedt@nthf digpanity wauh leedifwstitibedl bystiene ok ssimyFBedeguirtid entry

éﬂBﬁ 'Wb‘?aﬂl htﬂéié gﬁ,éﬁﬂb@gf%é@p‘?%%@{&?@%zﬁ%@@% c-gﬁﬁaléﬁlléﬁt\’g%%d by

arlty of plus four and a negative requwe entr
d}?p%{‘rf?f)‘?sé% Eé%@&%é‘&%ﬁﬁ@ EssPE&SiB éBaYﬁ#@gesw%ﬁ{m%@w and
is deserbedbirethenexpriepsion ik 2x311#dkd herstiglel veater ohé lﬁﬂﬂe.%pnonal

"%'?tﬁ‘u%ldéf% Aty 0 g'“s f%“ra%&%ba 'Ve x5 ES'ESO' e A ”t Q;%em is
a ernate version Of one O IOﬂ contro aracters

U@@eéedlbedlbymﬁmégsiﬁ%@m708u, Its complement is described by
the exprRssion FRNABR of FIGS. 8 to 19 can be used to prove the validity of the code.

They show the total number of availabie coded vectors. Since none of the vectors of each
diagram is congruent with any of the vectors of all the other diagrams, there are no
duplicate vectors. The combination of any trailing and leading runs of true and
complement forms with their associated running disparity at the byte boundaries shows
the conformance with the run -length mles. Similarly, the singularity of the comma
character can be assured by the examination of all possible combinations of trailing and
leading bit patterns.

The specific assignment of source vectors fo coded vectors materially affects the
complexity of the implementation. Preference is given to coding assigmments which
preserve the values of the source bits as is the case for the tables of FIGS. 20-27, where

the tables of FIGS. 23-27 list the primary vectors of all the disparity dependent vectors.



The trellis diagrams of FIGS. 8 to 19 can be used to prove the validity of

the code. They show the total number of available coded vectors. Since
none of the vectors of each diagram is congruent with any of the vectors
ofcatbébesetbrer diagrams, there are no duplicate vectors. Thecapmbinaiinmns,
of any trailing and leading runs of true and complement forms with their
associated running disparity at the byte boundaries shows the

conformance with the run length rules. Similarly, the singularity of the
doisrmaty clearadtst vesidve kssuretidoyperentumi nepisreatabiiposhiphesre referred

cembipationsof tajlingand aleading Bl Patternend Ressne alic-ASIARMAR been

of source vectors to coded vectars materially affects the com lexit 0){ of the
iioRsthE At 2P ARPE R AR BPIARY RT RES AT d T R 1 to simphify
me&wmﬂ@pn‘a&a% ahitiee solinge hitdddsis thexabestar this thblEsidition to just

FIGS, 20-27 where les of 3-27 list the, primar
R i S 050 SR o e e
PesTiis pebere 20was. Didh spiireleseinte At s avadigigual bit changes for

CoRIs eRtaLy:-reRrasenRadionsahich ake safes@d \I@cﬁﬁsﬂaﬁ tRERABLY {PYIG. 28
and the alter. ate$ vectar. The Odlg ass nments ve been ggosen

SR EEEH 8%6“3 BEY B ee SFERRS ﬁff‘ﬁuj"" bro1 to
simplifyTthe decoflihg ot éssotQitel witdihg seoud bave bEtw tihdsenfits. 28.

;e ) gggmgs dqt&é%itbmgr%aﬂkeglpﬁaema%memﬁ% SioRlify fﬁﬁm A zero

ing, and not necessarily the two specific patterns chosen
stilveanyschsraiien fadhmreciaidaiu a0 BRecrRsiRge Sdph e othpiy itrcidentical to

: |'§@%&%g@€cl%b|§o€3fﬂgd@ eric %ﬁ@&gﬁ@ﬁeﬁm%ﬁw ahie of frlide2® bold
can be identified as di nae en alan ecto
BB e L sy R R e e SR s s 20,
tahlemnf E1Grc28¢ FbsehoSthreotonss e kEBit §sandd midhaeit anﬁvaﬁnlasﬁiﬂnél or
a,vale QhEHIO:Y RIRSE LS AR Q1VaME BIUSLRSINGUAEAHAE L BRYSR) can be

data source vectors which are otherwise identical to a control vector. For

tidsadl Bt A BERY S A6 Rtte L Prif/iNerree & thmikls o Difetilifep g dgpgtied by

T@H?Je‘lﬂf@lsnar'tminﬂwm@&wﬁmeﬁw&mmitméhaala@maﬁs 20 and
F 0, d 22 ar the s bs t of the vectors of FIGS. 8 and

A T Lo A BN SN GHLCL o1 P 2 and
VMOsSZOfambHabchﬁ ﬁi@m@cbmﬂg‘er identifiedt By Hie3at5rFrdt bifhaey 2Fmbol

V}?&Jﬁtﬁl?%&%&%@%ﬁ%&ég’ w@&xeﬁﬂapf’ é%‘&&lf&e@o@for those of the 54 source data
vectors having an overall disparity of plus 2, and binary symbols 11, for those of the 54
source data vectors having an overall disparity of minus 2. The 60 vectors of the table of
FIG. 22 can be identified by BB3¢’3t’1. It will be appreciated that the 60 vectors are the
result of taking 60 balanced source data vectors having a leading run-length no greater
than 2 and appending a complementary pair of binary symbols.

The 24 balanced veciors listed in the table of FIG. 23 preserve the values of the
source bits and are the subset of the vectors of FIGS. 10-12 which do not end with =10
or 11. They all require a negative entry disparity. The optional control character K124P is

ilfustrated in FI1G. 12, It will be appreciated that the table of FIG. 23 shows 19 vectors
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BM3c'3t'St'3t'7t'U. It will be appreciated that the vectors in the tables of
FIGS. 20 and 21 result from 54 source data vectors having an overall
disparity of one of plus 2 and minus 2, and having a running disparity of

atgnoslB@fer any given binary symbol position, that are appeandedoaitin:
binary symbols 00, for those of the 54 source data vectors having an

overall disparity of plus 2, and binary symbols 11, for those of the 54
source data vectors,havinfc?;1 an overall disparity of minus 2. The 60 vectors

drihéeabidiom rigsting di b iy gt e deesing eviiresiappfepittedl and
thaisthin 66 kastors are the result of taking 60 balanced source data

vectors_having a.leading yun- h no greater than 2 and appending a
compleﬁ%ﬁ%a%%%ﬁpoﬁygfég%y@% ols. The 24 balanced vectors listed in
the tabiaBiBI@ ! iPBipresorvedlsd Villaed ofdineg vsituhieehitsysnbdidretide

subset 9fthe ¥asterRRf el & %%MM?&EQ&EH? A M&éﬁi’l&e%gﬂng ones,

They all require a negative entry disparity. The optional control character
T

K124PF4 SRR SRSPRETS Ziuitifle appreciated that the table of FIG.
23 showspbhyetbtans 1?2 IVGsR006/ 13040InP GRG0 6IR 202 Khahg a
I f tarting with,source data vectars having a disparity of plus, 2 .
L T
Witrs B2y e TIth0 undcsrrsinpwidsbiprmsioy Mibdher; Hivdlbbriimgreciated
with hinasynbrls 19 apd-bhavingione i) atanastiiiredeadios @a8Sectors

and (ii) at most one leading zero; and mapping them to 19 disparity

S B SR e b o P R G S ST R SR o 4

dispaity (trerkobdedaestorsdugvé bicroys syavials idenfigaktndhive starting
i thereto). Further, it will be

g RS WL P Sh ARG, IR & (RS p A Souree

Safaredars s biemtmsyebeid seapsadedlieistaary symbols 1110, the 4

balancedsputidaiaivasers bema.manRedno dxaispaiity deRendRY positive
balanged encaoded vectors having a required negative starting_ disparity,

BB e & AU G IR B B e APt TR @ 4 b bt end
satirae=1dlata Vectdits withebitaeytsymboienOb dhpended therato rldafiverith no
RplARGe ¥eHiAIR T EIG 2hand MGARRELI LGS SR AEE R RGN Surce bits
end with ij=01. Tt wiil be appreciated that the table of FIG. 25 shows 4 vectors resulting
from 4 balanced source data vectors starting with binary symbols 0001, the 4 balanced
source data vectors being mapped to 4 disparity dependent balanced encoded vectors
having a required positive starting disparity, the encoded vectors having binary symbols
identical to the source data vectors with binary symbols 01 appended thereto. The
nineteen vectors of the table of FIG. 26 have disparity of plus four and the value of the
source bits is preserved. They all require a negative entry disparity. One vector (D247P)
ending with 1j = 00 is illustrated in FIG. 17 and the others are a subset of the vectors of
FIGS. 13-16 and 18, and end with ij = 01. 1t will be appreciated that the table of FIG. 26
includes 18 vectors that result from source data vectors having a disparity of plus 4 and

satisfying one oft
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entry disparity. They are the complements of those five vectors of FIG. 11
which end with ij=10 or 11. The complement is chosen so the source
vectors translate with no changes into primary vectors and so all encoded

veo ks iy £hanges in the source bits end with ij=01. It willkkg us2006/020442
appreciated that the table of FIG. 25 shows 4 vectors resulting from 4
balanced source data vectors starting with binary symbols 0001, the 4
balanced source data vectors being mapped to 4 disparity dependent

balanceg,-2ngEdediHeRI UnbANING AkeQuUir e RERINESIATTRY diSBRIY, symbols
the encoded vectors having binary symbols identical to the source data

vectors W BdY EYAbeIEH28 hhended thereto. The nineteen vectors
of the tahtelnizRl Gin2e haweotl spatity odmol defong bthihesyalbeofthane of:

source bjts,j 358 I Ir ti f isparity. One
vector ([ggszl{??’ ge%ﬁﬁ?ggmm%%%}éﬁ é‘ﬁ#h&%@%%n@@?%@ﬁd the others

are a sulsgéingrtarysrrarelas IFmiSraiing d Awdrysyahalens Wit ijpadol. it

}Ni" be am&gg&mﬂiﬂ@w@grﬁ@bimédf&d %@ni?glﬁleﬁfﬂ,%yﬁmg%@m result

ro urce ta vectors having a dispa ty 0 u and._ satistyl one

of 153 WSS GAA6HET BRI DRSO IO BES i FHCH BRAPG SyRBEILY of plos
cotmpdseragoomiptepacntariapal dfspaniyy sy wHzokedoltowedibyitgnangry symbols
symbelsld &aﬂlws&ﬁb@a&&;mo?tsmﬁ éﬁ%ﬂaﬁ%ﬂg&?ﬁ%&%,“ RIRALY, the table of

symbols are one of: (i) two pairs of complementary binary symbols, and

(i FEE.086 IsHifes inlAFSORsOTRSET A HRglifg Binarrcsyborsdre i e, form
anﬁilﬂﬁdmawa&i @@ﬁYo%yﬂ@ﬁOlSe@bE@ beand Haileg 4 inansydebalscaie having a
1110; the 18 source data vectors being mapped to 18 encoded yector .
el G5 412 410 i FaB o Wep SHOE i BrELrF e iog
ertb@dﬁdz\_lé@tﬁﬂsl h2fsing binary symbols identical to said 18 source data
vectors VYHQ %ﬂ?ﬂﬁ/@%&&p@@gﬂe It:d"éﬁm}?f@e i@@%@g &59&11%9 o q’ﬂi‘ﬂﬁsfour and

at least one vector resulting from a source data vector in the form
11073148 ofifconerep hitsdsaupssigedor waidir s el rshE ahe syt of vectors

VesteIGRVIng § 2AISPRERY ehpiuEitipAdR FEGUIRE BROIVE SIaEERE 16 vectors in
OB SR R PR T 5, v
aned the trellis of the bottom data vector sets which are complemented subsets of the vectors
of FIGS. 14, 15, and 18, respectively. They all have a disparity of minus four and the
value of the sourcé bits is preserved. K131 is not shown. It will be appreciated that the
table of FIG. 27 includes 21 vectors resulting from source vectors having a disparity of
minus 2 and satisfying one of:
trailing 4 binary symbols comprise 01 followed by a pair of complementary
binary symbols;
trailing binary symbols are one of 1001 and 11010;
leading binary symbol is 0 and trailing 4 binary symbols are 0011;
trailing 5 binary symbols are 10001; and
trailing 6 binary symbols are 100001;
the 21 source dafa vectors being mapped to 21 encoded vectors having a disparity of

minus 4 and a required positive starting disparity, the 21 encoded vectors having binary
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the value of the source bits is preserved. They are the complements of a
subset of vectors of FIGS. 13-15 and 18 and end with ij = 00. FIG. 28 is
the trellis of the top 16 vectors in the table of FIG. 27 which are a
vanmienmemted subset of the vectors of FIG. 13. FIG. 29 s thetnellisafizods?
the bottom data vector sets which are complemented subsets of the
vectors of FIGS. 14, 15, and 18, respectively. They all have a disparity of
min%s fou(gNand }he value of the source bits is preserved. K131 is not

|
SHEWRS £SO EY dppradiatediserataAiSRiost Freh Pingiy soebaa (8 tapgnded

réstdting from source vectors having a disparity of minus 2 and satisfying

f-traill i . ' ollowed by a pair. of
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00001: the 21 source.dat tors being mapped to 21 encoded
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with binary symbaols 00 appended thereto. The sixteen vectors o

table of P34 GnAMHi&aPYF $Pminus four and the value of the source
bits is preskined ey &re ihe eorvpiamesiseba stoaricof the vectors of

FIGS. 13-16 and end with ijI=01 and.are illustrated with their trellises in
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caomplementary binary symbols followed by binary symbols 0 ary

BI56l f90 et P HHYR SSimsolisarat obe0: Jeaandgdonsaiershavbg binary
Byartoitr édbngcd] birntasy! Syoubelsiane, 0030 windbieading e in afyareialseto.
are Ooﬁg%trtﬁ{lsi r}‘)%i%t,b Eb%%%@ Qx%lc o%ge(l(?)%o&a;ta, 7 control) have been assigned to
encoded vectors as listed in the tables of FIGS. 20-23, 25-27 & 30. None of these vectors
requires any change in the source bits for encoding and decoding. There remain 60
unassigned data source vectors and 60 available encoded vectors, 54 from FIG. 8 and six
from FIG. 9, all balanced and disparity independent ending with ij=01. The trellis
diagrams of some of the unassigned 8-bit source vectors are illustrated in FIG. 32. The
bold lines indicate the bits which are complemented for encoding. Wherever possible,
complementary source vector pairs are assigned to a pair of encoded vectors which are
also complements and the individual bit positions complemented for encoding are
identical for both coded vectors of a pair. Also, groups of several vector pairs with
identical encoding rules are defined as shown for three sets of four pairs in FIG. 32. The
complete set of vectors with individual source bit changes is listed in the table of FIG. 33.
The appended bits i and j have an assumed default value of zero. The coded bits which
are different from the source bits or the default value are printed in bold type and the

vectors on the right side of the table are the complements of the left side. This
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the 15 source data vectors being mapped to 15 encoded vectors having a
disparity of minus 4 and a required positive starting disparity, the 15

encoded vectors having binary symbols identical to the 15 source data
vaxboos/ Witk binary symbols 01 appended thereto. Up to thisyeaintsz8653020442
source vectors (196 data, 7 control) have been assigned to encoded

vectors as listed in the tables of FIGS. 20-23, 25-27 & 30. None of these
vectors requires any change in the source bits for encoding and

decodhmeiT hertihataaie 6lcuinsisgijfiedidatalspiiide woptostteddigoin the table

ayaible LnEoded MRl Seade i QR EICH R AL GhIn &) compared o
balanced and dlsparl%mdependent ending with ij=01. The trellis

FAGrRARIE SRS AE (TESEg B BurtbesTe tlo e s R dfdgnpndent
Feifso B2 Theobdidviines ihdisate thediiSduhichlare tenpleentitsfanes of the

K 1sc%9f§gmg‘e’ DEIgYS %Hf?oscfé'g L%ctg%maﬁé%flﬂ% X338 r?setﬁ’ﬁcaﬁor(%%iﬁe%{&ag of the
ass?gn to a pair of encoded vectors which are also complements an

theledspaeidibpusitioasbelm Bletames-fEreddetingrasitsd dhrichf faremplary

Q@M&&gge&n&%%%@ Q%Haj@ﬂﬁ?mgf %%@f&eﬁﬁf@lﬁé@ﬁﬁ@r&ﬁf@ﬁﬂﬂﬁhg to the
identical nco;g'gl

rules are defined as shown for three sets of four pairs
g A A R e N R

isligieityjrdhetabjercif GaidSof The dippenydddeiisndanddnhadetanctors that are

%%%@gé%%gt%[?% é’l?%i%a&?{/ Eﬁh%-oﬁgsﬁ%%‘é}%@gt"%ﬁ@ ga%)&{&eﬁigﬁ{a?r?és%%ls. Yet

urce bits or the default value are printed in bold type and t

t

Videlers BAitHEa At BRI tRE XHBIS3 AraltiredopHiTe EFAR HithECiprsidaving 2
TiBigirmgor Y O 20RGEIB0AE 1w Ihhi2 0PSB Rd A A INSSMSAT KM thlo WS fEned
to circuit sim liﬁﬁ%éion'tlt WH‘I be appre iai&led that in the tgble of FiﬁG' 33, b
e FPREBh BICRRRL IS FE BT RaVTRG BIHES, SURB P ERENG SO LBIRpSPEY ™
toespost éspondipgnsog cad atathve eigrs woteespshtl forthasexé thet disparidyle of

i@‘P@P?ﬂdﬁ%ﬁp%ﬂ?Qfoﬁfc%t%%ah@e%%?hgmﬁéyasﬁéglﬂ?é%&e@ﬁ%rt?oﬁb‘(%jved by a

corresponding ones of the disparity independent encoded vectors and 2
iEry BT thak B Eb HpleavErt Y Bfth ey paR bR eNaEaasiRERFy symbols
synakolsadm tharsraner ibwillsbig raneairieeh thaldhe @¥emp RYingNeotin@inary

scheme assigns a majarjty of the source data vectors corresponding, to
PR St D STBrE S R A S Sl geyertoms. Bven
contiple mefstainyt paitbofdile ah&j6tity3tactrespghtrgpaidstafibmors, having a
dispAUINAeRSIYSH E@%Qf'ﬁgiﬂ@%t&%}?%&ﬂﬁ%_l GORRSMERIAR: Billy symbols
binary symbol positions except the appended binary symbols. Yet
which does not match binary symbols in the leading run of four, are assigned to selected
encoded vectors having a first, third and fourth binary symbol complemented with
respect to corresponding ones of the eight vectors.
The table of FIGS. 34A-34G lists the selected vector assignments of the tables of
FIGS. 20-23, 25-27, 30, and 33 in ascending order of vector names. The alternate vectors
are also shown. The six control characters are listed at the end of the Table. An "x" entry
in the K-column means that the K-bit has a value of zero but can be ignored for encoding.
The column headed by "Pri DR" lists the required entry disparity for the primary vector.

The column "Pri DB" lists the block disparity of the primary vector.
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further, note that in the table of FIG. 33, at least eight source data vectors,
having a leading run of four followed by two pairs of complementary
binary symbols, are assigned to selected encoded vectors having two
feading binary symbols complemented with respect to correspopging 2442
ones of the eight vectors, Still further, note that in the table of FIG. 33, at
least eight source data vectors, having a leading run of four followed by a
single Sinary symbal in four subsequent binary symbols which matches
binary SH6R Relehl My RTorTde tie ssisynen & saredsdgrectors fo the
enmcodelsvectoredanshgdathind onaryudy mbolicompigmentedwdttheespeatd/or
t [ .of the eight yectors, Even further, note.that in the..
e T B e e R L e
of foBrENbWed Byss Sratrabinarpisyrisorahféur bt bwennarsidiagarity control
symboise WiickrdgesnalmatchbieR.sYRbRISIRinedaadingirun offalirest of
gre.asgl ned.to .selec'%%]d_ encod%? vectors having a first, third and fourth
Ty L R ARE e SRR O TP BoRURg rtbPghanges
eigiveuetat $o Thectallgond BG SoBdin84GHiSts theseladiadVeitohanges spread
FRRAGNGE %&E&h%%%‘?r&%t Ffégh%'e%(%'gl% %?é%lél% ﬂgspd 311153 H}Iﬁ%%% aqgr'lqglt of

order of vector names. The alternate vectors a so shown. The six=
CORIPET Erilrapiiridagh hibtelpagoh o chdingithelaabtdignisxbadaneyd janhdisparity

Pﬁi@é}ig_ﬁﬂﬁnm%ﬁﬁ thatine fohibhamavalue of@ereRubEanbedgnaed fokector
enco m;9

... T he column headed by "Pri DR" lists the required entr,
RS o A oSl 8 cottplele AREH e 1018 IR BRI rher than
disparinpds ﬁhebpthﬁgwwegﬁar. 268 \WO memmea RO A4S 2086/0R8A §Rerall
It;0a B8R eIgHabI:BMBRY FBRES @g.téggcﬁﬁﬁlwp&t%fﬁ%ﬁgffﬁg a control

vectors to the uncoded source vectors is done’in a way su ]
CERSAYY BFERETRAESAEE BnelfdFr HEsderidy plkaniiematn yrsiamivzadnyet be
ayherasdaned that this will be accomplished if the number of
classifications, is minimized hoth for bit mapping_and disparity control_and
the NGOt e TR gF eGP At i G =)
ih@é@%ﬁﬁ@g&th@mhiﬁéhmngzlpmfécér(@eﬂﬁ,thswxmplﬁ mndivetytof (iff) the
%@E&@ﬂ% with.Ri-changes 1&9@&%&{3@6%%%6% %ﬁ&ﬁﬁ&%&vs%fn%’% Qfses are

with the same number of bit changes spread over more vectors.

iRPBTEnTIeuRaratlt fRiRXEETycdauih sharine fonthmerdinbiofsersral bits.
Withuindividsialhitehangesdo i single elnss mhickisoMansedaptbeeded by an

Cat's%@r?srlléym the tables of FIGS. 35-48, the bit patterns common to several vectors are

marked by bold type to logically classify the vectors by simple expressions listed in the
cotumn ‘Coding Label’. The labels are used to write the encoding equations. In any of the
Exclusive OR relationships between two groups of bits, any bit in the first and second
group can be selected as the first and second input, respectively, of the XOR2 gate. The
inputs have been selected to maximize commonality among the several encoding
equations. The expressions in parentheses at the right edge of the equations refer to the
corresponding net names in the circuit diagrams discussed below. An asterisk (*)

following the net name means that other expressions are included in the net.
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independent. This makes it possible to execute individual bit changes and
full vector inversion for disparity control as completely separate functions
in parallel rather than serial mode in both the encoder and the decoder
sigibwisnssignificant less overall circuit delay. Some assigmaeRk2006/020442
choices, e.g. selecting K248 rather than K7 as a control vector have been
made so it is easier to recognize the alternate vectors which must be
complemented. Generally, the encoded bits retain the value of the
unencod€d bitAuan B@B%;Cé@cﬂ}?t%%& ig GlainesseliFeebith Bship&mbstasctors
(@A ilbsBiastebifaadwnly if (iff) the respective equation is true. In the
codinggbels and equations, some bit values are included redundaﬁglge%/ tqQ

+

3)lowa R URRRNAT P OHiHG Bt etrar Bitd Fréditdn et

values prE ®verlin@dand redundant vector names are preceded by an
astensis dnahe miges of FIGS. 35-48, the bit patterns common to severgin1)
vectors are_marked b% bold t}:ﬁe to logically classify the vectors by simple

Coredgidnd st BinG & ladidin Lo g Label'. The labels are used tdF3)

write thgeneoding:ROVALRNS <H-REYOhthaLEX s OFf telatdenshiRs vectors
b,etwee%vgé)ﬂ?égu s of bits, any bit in the first and second group can be

Ssiedin [GmPsecond input, respectively, of the XOR2 gate. The
inpuBs dd{erbee ‘sElerten pand@hize LomTah A ohg the sevisal
encpging, goatiQns. .T he expressions in parentheses at the right edge(Bfﬂ)
the equations refer to the corresponding net names in the circuit

HRPRD el BT 5RING DH R EEK PP Blovintip Fefndt @t hiBaksPns)
that other ¢ i re incl i 2 2006/ 7
PCTM%%%%%%%E@@E;H@% rh’{;ut}&:tsiﬂgé?cf’éﬁwtr(%s ?r%p t%‘é%’g g §p vectors
FrsS imbeiablaafBithd’vectors listed in the table of FIG. 35.

DOPQEED 1 GEHIAR TREHE LRI PREEEF GO+H't a=A(r)  (p,12)
EGFGOOH )(r) AO+ BB 00 C'C (D' + (Pnl) (C(DDAB+A'B'.C'D)E.FG'H'}

(CBI R B ERUR i B Do HE PTG BRI ADBIERD G3GHD4 forl 1)

the vegtprs, jlistedin, e 1BRIeOf FlGy 38 tanles of FIGS. 33 and 34 for the vectors
listed in the tables of FIG, 38.

d=D®{AGCBOCGROH'+ ADBeCOD)e DO ESEDF'eF G + (Pn20)
(FEG+GOH)s DEEWESFeAS BB C & D' + (Pn19)
(FOGC+EDF)s COHGD HeAB® BB&CCH D' + (Pn13)
AsBeCeDeEeFoelal" }
The "e" column has bold entries in the tables of FIGS. 33 and 34 for the vectors
listed in the table of FIG. 39.

e=EQ{ADBF®GGOH + AOBsBOCSGOH + A®Be FOGGB H)e (n21)
CODDBEEDF" |
The "f" column has bold entries in the tables of FIGS. 33 and 34 for the vectors
listed in the table of FIG. 40.

J=FO{AOG+BOC)e AOBeDOESED F'eF & GoGD H'+ (Pn22)
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b=B(n{(D(r)E'E(r)F'F(r)G'G(r)H'+C(r)D'EOFG(r)H ). (Pn7) A(r)B'eB(r)C'K'+
A(r)B'BO+E'D(c)E'EO+F'G(r)H'(B(r)C+FeG")+A'B'CE'F'G'H' }(Pn5+Pn8)

The "c" column has bold entries in the tables of FIGS. 33 and 34 for the
wegtong/138ted in the table of FIG. 37. c=CO{A(r)B PCT/US206/20442
A(r)G'CO+D'.C(r)H'DO+E'E(r)F'+ (Pn12)
(C(NH'D(NE"E(r)F'+E(r)FG(r)H'+E(r)F'G(DH}A(r)B'B(r)C'C(r)D' }(Pnll) The
"d" column has bold entries in the tables of FIGS. 33 and 34 for the
vectoré8i8ted ihdhe RBledSE EIE. BF'«G S H' + (Pr24)

d=D '‘BO+CG(NH+A(B.C(DD)eD(NEE(NF'F(r)G+ (Pn20
FOCSURBE e ADRTHE T AD Fotneyr £+ 6uir ] e
(F(r)G+E4B R Ceoltin( B BRI J& the(tables (ZNAEE, AB'sed38 G He)vectors

The "e" col h %ol entries in the tables of FIGS. 33 and 34 for the
Jotedin e eble o at‘)&illé of FIG. 39.

ez EORAGTBEIYD &' G HHPAH B BT DR BHABF(r)G'G(DH) (n21) (Pri98)

C(nD; EC%%E' ! g{n o b GO h sg Id entries in the tables of FIGS,
33 ar%%@for Be:'il}()ac OE;’S %té%%he‘t é of FIG. 40. (Pn30)
F=F(rH{ADP) & EB D) PAMB REMEBRR. FedGE(DE E {RI2) (2B WO (pp33)
2006/130467 PCT/US2006/020442 A(r)BB(r)C'C(r)D'DOE'E(r)F'G(nH'+
(Pn24) TR BIC B9 e dapPpld qpigies 1 hepeblespp HFIESE 33 agd 34 (for S vestors
Tiheetgh dalwabie bEBIGOKE entries in the tables of FIGS. 33 and 34 for the
vectors Jis 'ng le,of FIG. 41, , . ,
RS RS B prpngroo s wo
B$C'CeD'D()E'EGHBEG Bei+F padh- (A D'+ C'D) BE'FG'HK' (pn37+)
+A'B'C! FF. GHY (Pn33)The "h” eolumn has bold entries in the
tablescfgédg %%%a*s@ﬁs JeGadRIL L e G (P35)
The "1" column has bold entries in the tables of FIGS. 21 and 22 for the 87 vectars listed
in the table of FIGS. 43 A and 438B.
I=(E@F e FOGeGOH+EDF e FOGGOH+EDFe FOGeGDH)e (Pnd2)
(A©BeB®CeCOD'+ AGBCOD)+ (Pn43)
(D@E'e,EEBF6F®G'eG€BH’+D®E-E®FaF@GeGGBH‘+
DO ESEDFeF@GeGEH +
DBEsE@F'sFO GG H)e(AGBBRCesCOD+ ADBeCB D)+ (n50)

F@®GeKeDeEoH's (Ao B'sC'+ AoBe '+ A'eB'sC)+ (Pn47)
(AeBeC'+ A8 B'eC + AeBoC)e Do E'eFle(FoH' + (Pn49)
(A®BB®CoCHDD'+ A@BsCD D)o (Pn43)
(EeF'eGeH' + E'oF ¢ G'oH'+ E'e F'eG o H') (Pn45)

The "j" columm has bold entries in the tables of FIGS. 21, 23, 25, 26, 30, and 33
for the 129 vectors listed in the tables of FIGS. 44A-44D.
j={D@®EeK'sF'eG+(DeEoF'+DeE'eF +D'sEs[F)eG'}e

(A".B!”i"A’.CI'}‘Bf'C!)‘H'-F (ﬂ??)
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listed in the table of FIG. 42. h=H(r){A(r)C'B(r)ED6) E'E(r)F'F(r)G'G(r)H"+
(n36) AB'CDEFG'H'+ (Pn37*) [K'A B'C'D + (A+ B). C* D'] E*F'G'H"}
(Pn35) The "i" column has bold entries in the tables of FIGS. 21 and 22 for
tho Bidevacters listed in the table of FIGS. 43A and 43B. POT/US2006/020442
i=(E(r)F'FOGG(nH'+E(r)FF(r)G'G(r)H+E(DFF(r)GG(r)H) (Pn42)

(A(nB' B(r)CC(r)D +A(r)BC(@D)+ (Pn43)

g)(f%& E%(I@EF % W TR ) SEPE dec o )

DSEEO+F'F(c)G' G([ﬁ-ﬁ {REBEBSEBED+ASBC(DD')+ (n50) (n76)
FUQGHER EHL(ABL + A BLYBIG Y+ (POGR) + (n74)
(ABC'+AB'C+A'BC)DE'F'GH+ (Pn49) (AC+B'BED,CCED D'+ACCBC(D

U es) (B RO F ey B 4GBt (ly (AR B 1 et HT+769)

boldbeniias ntheables-¢f 5'9«2)»?@@%3%% 28, @ pnd 33 for the 129,74

vectors listed in the tables of S. 44A-44D. ID (D
HE'® L>BBFH DR FBERN P UGN E@ BYAGEBEY H'+ 29 WO (075)

2/@%65@98%7 Féqéu(i((g% c)cé(grﬁ/&*c{ﬁs%(gc ISy

ESF F(i*)% 1B tn”6 D(ABC+AB'C+A'BC)D'EF'GoH+ (n74) @67%)

(€ B+ACGR D)ERG' ﬁ‘ﬁﬂ@t@)E}EdﬁF 31168 (B(D (169)
C'FOGG(c)H'+FEDG'K")oCO-D'DO+E'E(C)F'+ (n73)
(B(c)E' @@myé;@@m1m(g)ﬂ p_a(éyplp(@@@gl{ql tamBY! vectors are presented at

Fﬁ(‘f}kﬁp&ﬁ%% &%M&ﬁﬁe"’é&%ﬁ eHa AR BARC &R ﬂ(ﬁgﬂh% last seven
+(A'B'C'+ABC'+AR'C+Boc)eESFDoG*H (n69
rows of the table of FIGS. 34A-34G. A total of 46 vectors listed in the tables of FIGS.

25, 27, and 30 require a positive entry disparity (PDRE). They are listed and sorted in the
table of FIGS. 45A and 45B. Redundant bits are overlined. The equation for the positive
required entry disparity PDRE can be written as follows:

PDRE=(D@®EeF'eGeH+EDFoD'oG'H'+ G® He D'sE'sF)s (n85)
(Ao BoC + AeBeC'+ AeB'eC )+ (DeGeH'+ D'eGe BO (o A'eE's F' + (n4G+Pngs¥)
(EoF'sGe H+E®F + GO H)o AoR'eC'e D + (Pn87%)
(4+BYe Co DeE'eF'eGeH +(F+H)s K (n99)

A total of 43 vectors listed in the tables of FIGS. 23 and 26 require a negative
entry disparity (NDRE). They are listed and sorted in the table of FIGS. 46A and 46B.
The equation for the negative required entry disparity NDRE can be written as follows:

NDRE=(D®EeFeGeH+D@®FeEeGeH'+DeEoF'sH + Do E'eF 0G)e (n90)

(AdeBeC'+As BeCo AaBe )+ (n48)
(BeCoD'+-BeCloD+ BeCe D)o Ao Fe FoGeH + (n96%)

(E'+F')e Ao Be Co D'oGGo H + 092%)
(EQFeGeH'+ GOHoESF'+ EQF oGO H)o Ao Be Ce D' (Pn94+)
(C®ODeH +DeH)e Ao Be Eo F oG+ (Pn95%)
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It is assumed that with K=1 only the seven valid control vectors are
presented at the input to the encoder so simple control vector labels can

be derived from the last seven rows of the table of FIGS. 34A-34G. A
twtabafsA6ovectors listed in the tables of FIGS. 25, 27, and 38d£guRe 20442
positive entry disparity (PDRE). They are listed and sorted in the table of
FIGS. 45A and 45B. Redundant bits are overlined. The equation for the

posmve requwed enJ]}_:/'dlsparlty PDRE can be written as follows:
PDRESBM BR GFE SFD'G %8 (c)HD'E'F) (n85) (Pn97%)

(AB C+A'Be' t@q&@"‘é@@ Wﬁ%ﬁBﬁQ&E&N@ﬁﬁ+&%§%gt (Gl bk rLEmmg
r%F’r'187* A'+B") D'E'FG'H +(F+H) K (n9

)
Sgtaftgqﬁ% v!;%té}rts 1EER TR R TR IRE B?ﬁglﬁeﬁtﬁﬁatﬁé’ eguire @“erated by
@gmh%e@nwmémnymﬁz@ofm‘ay amnligtetisandtsartiad irdhe tabiaefks is

RlaSARA aNGA6R. ThE o, f Lired entry . :
IgSparlty NDRE can be WF%%%%S%) %fb%%? Rﬁgaﬂ% MV et nekative running

BREL 5 Enerd pRStoEERTNd Ber R pe)RIdY (ABGHABCA'BC)+
(n48) (BCD'+BC'D+B'CD)AEF'G'H+ (n96%) (E+F) A B C D'G H +

(Cﬁs@H %%bSF EE,%% ?g +9@g%%’%gy;())€gg§g4gn§é?/u52006/020442

A(c)BC'DEFG+KCD (Pn97*) If the required entry disparity PDRE or
NDRE gaganott majehisheiyan uagmglmrlbf Rty 198 ﬁ‘iﬂ‘%’%ﬁgﬁ?ﬁo SRy of

Se used. The alternate vector |sﬂ%(renerate complement

Tia W}’e% St AP di 5Pk P e cfor bblmaarionsfor the positive
bmmspauty@tlﬁ@mm waloeh p RISt Mbusivven d@pasitive or negative

r |n spa ront referred to as PDEBY or NDFBY
rgggec ively. CPLt %ll? ﬁﬁ&%ﬁli&ﬁvé NOREPHEBY KA of 19 BDBL)
ve{BS Higiadan tha talsle s Blts 42G:have @ppsitive disparity of four. T@@BZ)

ar Ilsted and sorted in the table of FIG. 47. The equation for the positive
De '+ D's % AeBeEeFeG+ (PDB3)

E@FeAeBeCeDeGeH+AB® BeeDsEeFeGeH (PDB4+PDBS5)
A total of 41 vectors listed in the tables of FIGS. 27 and 30 have a negative
disparity of four. They are listed and sorted in the table of FIG. 48. Using the coding
labels from the table, the equation for the negative block disparity of four for encoding
NDB can be written as follows:
NDB={E®F (G H)+EwF's(G+ H)}e AeBaCle]) + (NDB1)
(DO EsFeGoeH +ED F *D'GeH'“YG® H e D'eE'sF )e
(4deB'eC'+4'eB e C'+ AwB'eC )+ (NDB2)
(DeGoH'+D'eG)e B®Co AsE'sF'+ (4B )s Co DoEoF'sGell +K o ' (NDBA+NDB3 )
For balanced vectors (BALBY), the starting and ending disparities are equal and
complementary otherwise. Since for this code, the coded vectors are either balanced or
have a disparity of plus or minus four, a vector is balanced, if neither PDB nor NDB is

asserted. This approach results in less logic delay and significant logic circuit sharing
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block disparity of four for encoding PDB can be written as follows:

PDB=(D(c)EF+DEF")(ABC'+AB'C+A'BC)*GH+ (PDB1) (B C D'+B

CD+B'C D)A E F G'H+ (PDB2) (C(c)DH'+D'H)ABEFG+ (PDB3)

RORABCRIEGH+A(C)BC'DEFGH (PDB4+PDB5) A total of 41 Megiaisdistoskss

in the tables of FIGS. 27 and 30 have a negative disparity of four. They

are listed and sorted in the table of FIG. 48. Using the coding labels from

the table, the equation for the negative block disparity of four for encoding

NESERAADE e PR o DB By ng disptkE PYBYHY the end of an

ABGRE (NRBL)d4R: el E&Howde O+ F D'GH'+G (9 H D'E'F). (NDB2)

(A B'C'+A'B C'+A'B'C)+ (DG'H'+D'G)B(c)CA'E'F'+(A'+B")CD'E'F'G'H+KF'

(NDB4+NDB3) For balanced vectors (BALBY), the starting and ending

didfeiiies RORqualzhd @mBRImentary otherwise. Since for this code,

the coded vectors are either balanced or have a disparity of plus or minus

four, a vector is balanced, if neither PDB nor NDB is asserted. This

approac?hﬁelé@nélmdéﬁsﬂaglélﬂﬁéytah@i@grﬁfdant1iagidmﬁduié@hfgfmgh@éndmg
BeHE0¢ WOMZ compared to other possible

\s/%lﬁ(?ns. The r%gltrﬁ%%lcijg%amy DEBY at the end of an encoded vector is

determined as follows: DEBY = (PDB + NDB) " (c) DFBY The running

dimﬁy@ﬁﬁyygt the start of the next byte is equal to the ending di_sparity

DEBY of the preceding byte. DFBY" =DEB Y. The exemplary encoding

circuitry can include a single latch (not shown) to keep track of the value

of DFBYhAs:rotpbirbavediapcoddunyusab ércbidr 0sBlithiec 2 @teshown) to keep

Praducesandnvalidpye. A full ten-bit vector set includes among others
252

balanced vectors, 120 vectors with a disparity of plus four and 120

vectors MittPEARRSA R ofthuentber o e SBIIGB-Photrieroduces an invalid byte,

A full ten-bit vector set includes among others 252 balanced vectors, 120 vectors with a
disparity of plus four and 120 vectors with a disparity of minus four. The 8B/10B-P code
uses 352 vectors, 232 balanced vectors and 60 complementary pairs of vectors with a
disparity of four. All other 672 ten-bit vectors are invalid. The validity checks can be
executed by circuits which identify either valid vectors or invalid vectors. The approach
below identifies all valid vectors which are listed and sorted for easy identification in the
tables of FIGS. 49 and 50. Note that every valid vector has a complement which is also
valid and the respective vectors are listed side by side.

All but four of the vectors with i#j can be paired with another valid vector which
is identical in the first eight bits, The exception is illustrated in FIG. 18 and in the two
rows of the table of FIGS. 50A and B with etpty spaces in the §j=10 or j=01 columns.
The table of FIGS. 49A and B lists all 204 valid vectors with i

® Primary vectors:
60 from table of FIG. 22, 4 from table of FIG. 23, 4 from table of FIG. 25,
18 from table of FIG. 26, 16 from table of FIG. 30, 60 from table of FIG. 33.
e The alternate vectors are complements of vectors listed as primary vectors:
4 from table of FIG. 23, 4 from table of FIG. 25,
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uses 352 vectors, 232 balanced vectors and 60 complementary pairs of
vectors with a disparity of four. All other 672 ten-bit vectors are invalid.

The validity checks can be executed by circuits which identify either valid
vactons/gugavalid vectors. The approach below identifies all adial 35064068442
which are listed and sorted for easy identification in the tables of FIGS. 49
and 50. Note that every valid vector has a complement which is also valid
and the respective vectors are listed side by side. All but four of the

vectors with §f6andpe: pared. with anethesyald ¥estep which is identical

in the first eight bits. The exception is, illustr [ nd in.the two

rows of 1S CaDE AT LT R B St e T i pgpeed s 74
ij=Qbuplsrentar Thestaieisf FIGS. 49A and B lists all 204 valid vectors

with igj: E@igjfm?;yegﬁﬁprs: 60 from table of FIG. 22, 4 from table of FIG. 23,

4 from table of FIG. 25, 18 from table of FIG. 26, 16 from table of FIG. 30,

60 from tARITBH RS PrpkEYATRstARRS ik pandhe BRlsnIBIENE) 6nd 21,
vectors listeghas priFoRry freeitis adiérermiabls of FIG. 23, 4 from table of

FIG. 25,132ﬁWO %0606/13 467 P%j/f 200&?%8/445 1€§2féom table of FIG.

26, 16 from tabre o?Eféa} "Fhe ve&tors Wit |:ajnare listed in the table

of FIGS 250Amand Beirrartpeal ths tHdlecdmiSleAfentary vector pairs: Primary
vectqrs: Zil.compiemnentary primary vector pairs from the tables of FIGS.

20 and 21, 20 primary vectors from the table of FIG. 23, 1 primary vector
each froff? fROYAMEPIFHIES: 25 and 26, 25 primary vectors from the

table of Facr2ffonfMteraBle: veEWrs; 20:4d 0B) the table of FIG. 23, 1 each

from thezt?agles t?f El S't%slénﬁj’i%’ 25 from the table of FIG. 27. The
eguation of the %/eaﬁ?gl yoo encoded vectors is composed from the valid

labels The equation for the validity of encoded vectors is composed from the valid labels

of the tables of FIGS. 46 and 50. The expressions in parentheses at the right page edge
refer to the net number of the logic associated with the logic expression at the left; in the
case of those annotated with an asterisk, the logic expression on the left includes an
additional term, namely, ¢ @ j' for n0*, i@ ;j forn1* and n6*, and e d Diei® ;' for
ng*.

VALID={{e® fof ®gog®he hDi-+e® fof Dieg®h+e® feg@®Heh®i)ei® '+ (n0¥)

(d@eee®fofDgeg@h+eDhe fOg+e® fogDh)ei® j}e (n1%)
(@ beb@cocDd' +a®bec®d)+ (nd)
(dBeec® o fDgeg®h+dDhed®feeDg+dBhoe® fogDH)ei® j+ (n6*)
(D fef@gog®heh@ite® fegDh)edDieid j'}e (n8%)
(c@beb@coc@®d+a®bec®d)+ (nl1)

(c®flof Bgag®Heh®i+e® fog®h)e(aDbecDd'sd DiaDbeb®iecDd)ei® j+ (Pn27)
(a@bedDeeg®hed Dita®bebDgeg@®h)ecBdee® flof ©g'ei® j+ (Pnl5,Pn29)
(B cec®ded@er+bDcedDe)oaDeoc® e fOgog®hehDiei® '+ (Pnld)
(aDbebDgecBd+aDbecDd'ed DH)ee® fegDhei® j+ (Pn28)

33



of the tables of FIGS. 49 and 50. The expressions in parentheses_ at the
right page edge refer to the net number of the logic associatgd with the
logic expression at the left; in the case of those annotated with an

asiernisk ihg1ogic expression on the left includes an additip@@hyggymmmu
namely, iej forn0* i(c)j for nl* and n6*, and d (c)i i$_J' for n8*.
VALID={{e(c)ffwg'g(c)hh$i+e(c)f'f(c)ig(c)h+e(c)fgsh'h(c)i)jej'+ (n0*) (deeee
ffeg'g(c)h'+e(c)h f (ng+e0 f g(D h)i(c)j} (nI*) (awb'b$cc$d'+aebc(c)d)+ (n4)

BB g )N +dslBle (Ol dahe @fg@IIQL (89,1 ; (89 ff o
ngggh'he”eo 9D dsLIE ) (8 (o Db Nie( diabbekbayr 150
(n% g @M Dite® fogDhlea@heb@cec®ded®i'ei D j+ Pnl17)

I PRI TR AR U 5O DO DO+
AN IR AED O s,
(Pn15,PREDy{b(¢jelefe)ud() exh (ojuiiDel) Alc)bis (- iagsig (bpoinstigy would in
(id) il se BN LUPIRNITRNHLIRE: A3 W s e
2006/130467 PCT/0S20061020442 _ _ .
(el BES-PEE AP SRR SYPr Hehys Rheyss @enBoRlte aytrBibible until a
h'Fefw) beés)afig{de) afiob'b(r)c'c(r)d dED Poi (r)j'tj '((P)r']};) 31 D )

d(ne'e(®f +d(nhe(nf g(nh)a(nbb(nc'c(rdi(ni(Pn31) Disparity
Vilations A L S bt o e are
cased et sfgnifibanghs krehs thasterror correction procedures associated

withithisdypened-eads apshehgALFsg,fhe results of such disparity checks
are Sla;a” not available until a few bytes after the error. Decoding

rest6res YRE BAGHAH®ighMse skt K-bit. As for encoding, there are

two typeBhetbitcharigdls tachehmads: h@@é&ﬁk@iﬂ@@iﬁﬁﬁ%@&%&_ﬁﬁ}ﬁ%ﬁd and can

I tion of individual bits. The code was built suc _
e T S o st e o Bt for e
i priranBrratioaswrs! dxansiniely distijedre included to select the vectors for

the The decoding equations can be significantly siraplified if we allow arbitrary bit
changes for the decoding of invalid vectors. Appropriate invalid vectors can be added to
the vectors defining a logic expression. In the following, these redundant vectors are not
shown, but the terms of logic expressions which can be eliminated by their inclusion are
overlined and eliminated in the final equations for the complementation of an entire
vector or the complementation of individual bits. As a first example, the bit values "a"
and "b" of a pair of vectors might be 10 and 01, respectively. These bit values can be
ignored for purposes of the logic expression, since the only possible other values are 00
or 11, both of which generate an invalid vector because the Huffman distance between
vector classes is two. Of course only one such complementary pair of bits can be
eliminated for each pair of vectors. In this context it is also useful to remember that the
maximum run length is five and the runs are at most three at the leading and trailing ends
of the coded 10-bit vectors and these second type violations can be included together with

the first type of violations.
All disparity dependent code points have complementary representations, a

primary vector and an alternate vector, identified in the tables by an appended letter P or
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above operations and then simply dropped. The decoding equations can
be significantly simplified if we allow arbitrary bit changes for the
decoding of invalid vectors. Appropriate invalid vectors can be added to

the ueeipisgefining a logic expression. In the following, thesa-hegéuslosty.cs2
vectors are not shown, but the terms of logic expressions which can be

eliminated by their inclusion are overlined and eliminated in the final
equations for the complementation of an entire vector or the

CampleMRRiation el mgividvalife &%ﬁa’f%&%ﬁ@mﬁ@vé&%hg MRS 18 meet the
and "b" of a pair of vectors might be 10 and 01, resp ectl¥8 ﬁ¥0 These bit

VAR AR SRR HOR e PGS BE B Ra AR SPEEYS foRtR IR Gye 89
psissiblie otheryatydssarelromidloftbthvefadaibktigbnetat eabledrddidhS. 23, 25-

vesto ng’%ﬁa%ﬁ& the m{g@mgla@@a%%b&%@g y?gt%&'%ssezﬁésea«&mqffor the

cou’rse on y one SUC comp ementag/ pair o its can be eliminated for

egehppaicatientefsheithisieshbilat i vurieriserinpsehitrmyBe HisrRig vector

Masdrnsnmeuayrngthrisdive aagithesruns are at most three at the leading
and trailing ends of the coded 10- b\li/vect rs an? these second type
t

viofRHbHS TAn BN ESES gt |ﬁ1@ &Fir{1)3 &t violations. Al (153)
@pgrntyndﬁpend@jlyggﬁlemomtsM\@ ,Ggmplementary representations, ans2)

[42 & (2 Rl = R vy

prlmary Vector and an alternate vector, identified in the tables by an

afrRAAEE IERR b 84 WO 20067130457 Pe PR EO0BIRDAI A to thE@s1)
rna tive alternate.yer, | .are used to
?é? tﬁwegr%?sﬂpeﬁpe(?ge}au r‘nrents For ég::%g'?wgn% ye(?%n te vectors mus{lso)

bgeomplemaned) ThelY alternafevestoss are te sonplenian)s: ofuEPns9)
vectors listed in the table_s of FIGS. 23, 25- 21, and 30, and are tabulated
in(@ﬁé'ﬁ&ﬁ'té I PES s étﬁ'd)ﬁé’gfﬂ’é'@t]iﬁ'aﬂ&n for the complement&iGhTER42)

S, gight bits of a,vector i tom,the alternate vector lab
of %%t}ébé Sja51Aga%d§5iO {8 (aFc)t%a%) &)

g Eb()@#dtd(d)h a@zq)fg@@w"ﬂ- (n53) (dSh g*h'+dCe'cC f)aCb'b(D C'ij+ (Pn57)
(n52) (a(c)bb(r)c o )bf +0Og+a(c)b'f (Dg)a0+e e(c)f'gChi j'+

(n51) (Fecapaje eypeE At @) e fr(E éq 59) 2 TS dant
aRalke ) &' fnld h*t(&hfgegl&arg £ valpladaiihd 56 +PRaR)

For decoding, the bold type bit values in the encoded columns of the table of FIG.
33 have to be complemented back to their original values as indicated in the source
vector columns ABCDEFGH. The decoding equations are similar to the encoding
equations, except that the values of the i and j bits have to be included and the bold type
values in the table of FIG. 33 are the complements of those used in the encoding
equations. In the tables of FIGS. 52 through 60, the common bit patterns are marked by
bold type to logically classify the vectors by simple expressions. Redundant terms are
overlined.

The "a" column has bold entries in the tables of FIGS. 33 and 34 for the vectors
listed in the table of FIG. 52. Using the decoding labels, the decoding equation for bit
"A" can be written as follows:

A=a@{(d@eoeC—Bf'wi«b(—Bg'-g@h')oaéBbOb@coc@d’oz"Oj+ (n70)
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(@'b'+c'd)e f'hi j+e'f'g'h'cd’)'+ (Pn41+Pn42) {a(c)b'b(c)c'e'f'+aace f

(b+d)}g'h'i j+ (n58) (ab+cad)e(c)f g(c)hij (Pn57) The factors ¢ 0+ d in the
second label and d in the eighth label are redundant because c (c)d' and
d'dostsgenerate an invalid leading run of four. For decodingpthereddsiypgs:
bit values in the encoded columns of the table of FIG. 33 have to be
complemented back to their original values as indicated in the source

vegctor columns ABCDEFGH. The decoding equations are similar to the
éh%ﬁfih@ SHURIIHS droePranat iHervdiaés simen'sind 1 bits haveRodsePnts)

iﬁ@i}m%%ﬂdgt@ﬁ’zb(?@' types, ygmfg érnl ;Ik],@,t?éble of FIG. 33 are the 671: +P69)

complements of those used in the encoding equations. In the tabl@go

FIGS. BhsnbosgHen, inehedimrionstn feattebies afsfitki ket boldrtypevtotors

egically wlassly trervectors pysimple RXMIESSIANS: Re a
gverl'ned. Theég‘('ngzglu,mn has tljo d entries ﬁ%tshe ta%les%ﬁlg%%%%gi?hﬁ > the
li

A TSI R EVEER Yo fin e SIS 81818y SUsing the decoding labels,
the-dez{{ting ec@atiop k' bib &A'sea He yatanasfoljaws: Awa(c) (n72)
g%gﬁ)gé%)fg;b/%z)ggjo h)a(nbpe+ccCdij+ (n70) 35 WO 20067130467

L3 60€52084 24BN ELSere(r)ff (Ngij+abd Fgah'oij+ (Pn74)
(Ppe62BN6S) el Qb@%ﬁ@i@‘b&%@%&ﬁkggi'j} (Pn67+Pn69) The gy pyys)

column has bold entries in the tables of S. 33 and 34 for the vectors

listed iRthectattEBrHies, bod! erfing indhadedamef BIsiSs BF tnd tdbler didi@ators

ﬁa%ﬁhe{ tbniecmir;g Bc@.r?smb l’(‘({%ﬂh(@éﬁ};ﬁ@( ?ﬁ?{%ﬁg??%% ﬁé(ﬁ%&zg)\ééﬁ' e uatim% g?r bit
=0(r rces fog(nh'+b(r)de a(r ryeef(r)gor’j+ (n a eg'e(r
f r)éag)l'r %ﬁ‘})ﬂ Bhia 1)z[;{:(‘r"j(“ii'c(r)d'gShai4 r+a'ebe-~ct-udeb6~--eg-~
GF¢ ERnESY The G/ colbrielad DHeddsentiesin the tables of FIGS,77)

3.and 34 f reﬁ,h vectors, listed in the table of FIG. 54. L_ising these
D e e G O RN BRIfE £ O o) @79
The "d" column has bold entries in the tables of FIGS. 33 and 34 for the vectors
listed in the table of FIG. 55. Using these decoding labels, the decoding equation for bit

"D can be written. as follows:

D=d®{d@cee® f+b@ gegD)ea®beb@cec®d'si's j+ @70)
(d@eoc® fefB+aDeoc® fof Dglea®bec®deie)+ (n81)
(b®g°f®g'+c@d%b@g)ea@b-bﬂac'-d@eoz"-j+ (n83)
aellsce d'ece g'si'e j} (n84)

The "e" column has bold entries in the tables of FIGS. 33 and 34 for the vectors
listed in the table of FIG. 56. Using these decoding labels, the decoding equation for bit

"E" can be written as follows:
E=e@{{d®@es fOg+d®esf@glecDdee® fogDhoie)+ (n86)
a@bleh@coc@dedDeea®esed® flof Dgeiej) (n87)

The redundant factor 5@ ¢ is included to enable circuit sharing.



"C" can be written as follows: C=c(r){(d(r)ee(r)f'+d(r)h gED h')aED

d'b(r)coi’j+ (n77) (c (r)de0+ ff(r)g+c(r)d'e(r)f'f(r)g")d6) eg(r)h.'j} (n78) The

"d" column has bold entries in the tables of FIGS. 33 and 34 for the
vastous/disted in the table of FIG. 55. Using these decoding labelssih®/e20442
decoding equation for bit "D" can be written as follows: D=d(D
{(d(r)ee(nf'+b0SSg'og(r)h)oa(r)bobecoc$d'i'ej+ (n70)
(d(r)e'e(c)ff(r)g'+a(r)e'e(nff(r)g)a(r)boc(r)di'j+ (n8l) (b(r)g f (r)g'+cED d'b(D
g)a()bb(me'tRedjmingd} wr bmﬁeéqng%'é}teﬁ%)omés'i' ggﬂg&mﬁ@& t%‘i#d/ectors
entries in the taple I 3 and 34 for the yectors, listed jn the table .
oI Rl A i R R o S oo bi
can bemppitteries fellolevEe(n{(d(ne f (Ng+d(re'f (D g)c(r)deS f gohi'j+

(n§6). ﬁ@ '@9@9@@%@;@9@){?'@?@%@;@ {n87) The redundant factor lfn90)
-(Dc is included to enable circuif sharing. 36 WO 2006/130467

PETY32606/020442 Praee 't Sdtaimri-has bold entries in the tables of ~ (Pn91)
FIGS.,33 %;163 for t ectors listed in the table of FIG. 57. Using these
de%aécﬁné % elcsz,étﬁe de odfnd equation for bit "F" can be written as (Pn92)
follows: Fde'fdebbBntbbgerftd giljtn0hcaebiee gt &Sy & R IPRY We vectors

agheadeegeefiil %F% gié) Theig, calum ﬁ&ﬁaiggﬁg%g‘gﬁg !-%%‘%}agge@ﬁ?én for bit

FIGS. 33 and 34 for the vectors Tisted in the't ese
detodiyrapaikets @dessing equation for bit "G" can be written as

follpws; @7gafb e caDiddSHes 0}k ABNGA) ;bg g'ceddSeee0+ (pjoy)
fgShi'j+ (Pn95) aO+e'eef c'd g h'l'j+a b'e'fgeheij}(n96+Pn97)
b@csc@dedDeecD feg@heisj+ (Pno5)

a@e'ee® fecedegehlei'sjtaeblecslegeh si'tj} (n96+Pn97)

The "h" colummn has bold entries in the tables of FIGS. 33 and 34 for the vectors
listed in the table of FIG. 59. Using these decoding labels, the decoding equation for bit
"H" can be written as follows:

H=h®{a@®dec®ged® focDgog@hoiej+ (Pn100)
aDe'ee® fecedeg'shef'ejtgeblecs flegaie z"Oj} (n101+Pn97)

The K-bit value for all vectors of the tables of FIGS. 52-59 is zero. The seven
encoded control characters which have a K-value of one are listed in the table of FIG. 60.
All seven control characters have alternate representations. t will be appreciated that the
table of FIG. 7 shows the results of the mapping of 7 control vectors to 7 disparity
dependent encoded control vectors ha’ﬁng primary representations and alternate
representations complementary to the primary representations, the encoded control
vectors including the 7 control vectors plus two appended binary symbols, the primary
representations of the encoded control vectors satisfying at least one of:

(i) disparity equals minus four, (ii) required starting disparity is positive, (iii)
third, fifth, sixth, seventh and ninth binary symbols have a value of zero and first binary
symbol has a value of one, (iv) fourth and eighth binary symbols are complementary,
and (v) eighth and tenth binary symbols are  complementary;
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The "h" column has bold entries in the tables of FIGS. 33 and 34 for the
vectors listed in the table of FIG. 59. Using these decoding labels, the
decoding equation for bit "H" can be written as follows: H=he {aSdcSgd6

wegarhiimdPnl00) aee'eS f cd'g'hij+ab'e'fghi’j} (NIOI+Pn97)cTthebabiiania
value for all vectors of the tables of FIGS. 52-59 is zero. The seven

encoded control characters which have a K-value of one are listed in the
table of FIG. 60. All seven control characters have alternate
represetatienssityt oaiiebieraipprelsiatedithragtivedtatolint Bi@aritshowsstiee, (iii)

resuits ofhe-pRBPINEREACRAOLMERIQISIR 1 diaRAHtY HERENERN NG fifh and

encoded contral vectors having primary representations and alternate
répY ntatior?én@%plemml%sto the }éﬁ‘r’r‘?‘nary representdtins, thet one;
encoded)ab’sfnadty\mpmmm l@ﬁ)'rr_gqtkiaﬂ smﬁttgldi@fz_iﬁfﬁ PlusehtiOe, (iii) first two
ApRa)dshRASYRROLE 6 UM, KEREPARIANSATIR B0004St o,
control vectors satisfying at least'one of (1) disparity equals minus four, (i
r&ithred?8thrtingrandPparityitaiposisyebaly) tHipTefifthasixtttlweventh anne;  and
nir;th bi?wspa(mjafe@%a\@f, \(_ﬂbu%@h 2 fi2RrQaReL t:‘idiﬁp@m?' % @ﬁﬁ@@,‘ RAS rst two
value of one, (iv) fourth and eighth hinary symbo|s are complementary, .
and (V) |§?ﬁ}§f %%??éhfﬂ“ %%‘3 si??ﬁ%g%%yeg ColAPIR HeATTRrImIF P Kb, sixn
20068046 Tt 82006102044 2a(d disgasyfeqeals minus four, (i)
requireghstafting Sispakity dspositive. il fourth, sixth, eighth, ninth and \
tenth binary symbols have a vailttiJeléé of_‘%}al")r%sog%d ?f%tflél( agﬁrgé%%\%e%% %{len rryl/mary o
SBale e e BhEBan ey elisheri, fogutie Heterefipristuaertors in order
Ettafﬂﬁgid}&paﬂﬁa/' P |. hiﬁﬂﬁgadé;d@aiéii&ifmt‘é%@i&liBgé&;aﬁﬁﬁ;]m?kﬁﬂmf J@?E%&S}estoraﬁon
inary,sym ave a valye of zero third, rth, fifth, sixth and . )
S St itet Uaine e U aame e ) ikt Recidiion dr bi
(IFlequivedvsttatiaglolispexity is positive, (iii) first two binary symbols and
lgst. in olg have a ¢.of zero and fourth, fifth, sixth and
SRR R M R A A
detarraifiatid Dok tie e b idifias Kdgadetlive Rly fifr'the Pl giDiei ® |
alternate representation rather than exclusively from the restored prima%K)

vectors in order
For the circuit implementation, it is assumed that all inputs are available in

complementary form, i.e. both the +1.2 and —L.2 outputs of the input register latches are
made available. Nevertheless, the assumption is that the ~L2 outputs are slightly delayed
relative to the +L2 outputs. The circuit diagrams show only NAND, NOR, INV, XOR,
and XNOR gates (with one exception). The use of AND and OR gates has been avoided
because of their increased delays. For the NAND and NOR gates, the upper inputs of the
logic symbols usually have less delay than the lower ones, The presumed critical paths
are therefore routed through the top inputs. The wire routing also assumes that XINOR
delays are shorter than XOR delays.

There is some leeway in the definition of the basic logic equations and in the
partitioning of the longer expressions to match the fan-in limitations of the gates.
Variations in these choices lead to different ranges in circuit sharing and circuit counts

and thus the exemplary circuit may not necessarily be minimum area. Another reason for
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to avoid the extra latency associated with serial operation of primary

vector restoration and bit value determination. Using these decoding

labels, the decoding equation for bit "K" can be written as follows:
Ke(b@raie)d+c(9 d)d$ed(c)Poe$ f f(c)gg(c)hl$ j'+ PCT/US2006/020442
a$cc$g'dohesf'i$i'h$jf(c)g'+a$b’bSgd(c)e'e$f'i$g'f(c)il(DIP (PK) For the
circuit implementation, it is assumed that all inputs are available in
complementary form, i.e. both the +L2 and -L2 outputs of the input register
l%?féﬁéglawwraaérmgzﬁﬁém@vér@ﬁ@%@lﬁﬁh@@@g@ﬁwpabﬁm@mm@m@my

QLS ﬁf@s@i@ﬂﬂﬂ oelny eskoialR iR eate?sQH M @cbBS S EGHIfits. In circuit
dlaa%rams show on ctgéAAN%eNOR DIV, XOR, .and XNOR ates .(with one

AR PR Ghdhe PPREahak Brat GG BRSO BE bes
anmléﬁbe@dmmeﬁm théubeANByanithNOR natedyding dppRninpotsoés in

theJagia dﬁ&@%@&éﬁﬂ%ﬁgﬁ o5s, d5la% ﬁ%%@q]ﬁf 00108 20 used at

g)bresume critical paths are therefore routed throu op inpu s

FreWUR PEISHE SR B iREEX NG Roge 8l shape gﬁ\‘@ﬁtéﬁm lmamed by INV
ciedayts i bieresisnsamesierivasdndhardefiniien elidhenbasityQ8ICBAUATRLS ams

nd in the rtltlonl the longer expressions to match the fan-in
|m|ta1il% ?ﬁg gate ar§9ar| org]l% R eSS § é‘ﬁ&%sl?@afd)%c&wg‘ams can
b&rﬂj@iweél rﬁ}@it\sﬁhm@@m cirenitt @atts agiothtitissl thevexenaptasyrbiteuiNote

HRAY%HAL SRS VR I '@P{Heaercﬁﬁu@iﬁogbew?ﬁﬁé%@nfto&&%ﬂpm the circuit
2006/130467 P /US2006/020442 "variation in circuit implementation and

Sppaminty s Ssnbmisabenraresde B htpIBRcissidh g st fpreduce

ofdhdl spedifidergdundant factors in the decoding circuits. In circuit areas

which are sp cted to t the er. en ircuit delay, the circuit
count F?gg g(1;6(:0casi'%?naq[fyfb etgﬁ elﬁ%?g%pe GR( re Jhceﬁdg]i’a‘t1 FhafiRrsys shown in
Faduéhgitraattaleviel ofrgaiediagratecdritic anpadr Fmslebwaymdﬁ@iﬁie@aﬂeﬁsyhmh

hoth:XPR ﬁﬂgi%%&ﬁ %@?w%mgeplgsmaghm@s DRUL (2 GRNGK ‘&%‘3&@ the

olarities some of those gates can be replaced by INV circuits in

Bme RS Hissh F%s%*ﬁ§%&%dg\ﬁa?va@re“@lfﬁaaﬁpdm‘été%ﬁwmwﬁ% 628,
siORI G0 EXingexgaie siiolatiew maxisn yha etgswioebawﬂméqgﬁﬁegmﬂeg of

BIOGAR LA, BE § reé@g%%ﬁd @a&ﬁ kﬁg”H%Qr% SOMBRlEX gates  coded vector is

automaticall y W ppropriate
balanced on the lower left side. The upper right side shows the last two gate levels for bit

encoding, The generation of the ending disparity DEBY which is equal to the starting
disparity DFBY for the next byte is shown at the bottom of the right side. In between are
anumber of EXCLUSIVE OR (XOR) and XNOR gates which are shared across the three
encoding circuit diagrams. Some of these gates can be replaced by inverters driven from
the gate of opposite polarity if they are not part of any critical timing path.

The signal CMPL10 which complements all 10 bits of a coded byte is orthogonal
to the other signals (Cal, Cbl, Cecl, Cdl, Cel, Cfit, Cgl, Chl) which cause
complementation of individual bits. In other words, both for encoding and decoding, no
individual bits are changed when a full vector is complemented and vice-versa. This
feature allows the merger of both types of signals in a single OR function as shown at the

upper right side of FIG. 62C, greatly simplifying the circuitry preceding the ouniput
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that some of the logic variables of the equations are not present explicitly
in the circuit diagrams. If so, they have been merged with other functions
in a single gate to reduce overall circuit delay. The block diagram for the

enseslipgseigeuit with all inputs and outputs is shown in FIG. §3/852006/020442
gate-level circuit diagram of the encoder is shown in FIGS. 62A-C which
represent a single circuit with net sharing. Fig. 62A shows most of the
encoleg of the leading 8 bltzc(a through hé the encodln of the trailing i
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wbmbnmer SANEISRAS RO Beplyi Nty S RILsd: other words, both for
encodlr:l.l%and decodlngtego in V|dual bits are.changed when a full vector

is comple Pehted BRavice- eesrs:f o UGO8 RE e GRPbrpsHor fast
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ENHSERY SgrRa TaoTeE dupIibitp et iR TGrBiRES varssn @Hd@\?ﬂlﬁ% ighe first
d@p@:ﬂd@ mt@wdﬁeueqmedemrﬁ@smw @m@héhﬁmf@m dispadsity 1%&1(ate1y
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that fﬁe VAlue oF DEBY'S Pot réguire (&tear e SFERE b e, &
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path into the next cycle. The encoder includes 2 ates and can inclu
éqcﬁps?wd(ﬁ@ps 56&31]@%60 latches more than the nonp1pelm\,d version (9 for bits

A, B,C,D,EF, G, H, and PDFBY; 19 for the inputs of the gates generating Cal, Cb1,
Cel, Cdi, Cf1, Cgl, and Chl; 1 for Cel; 21 for the inputs of the gates generating PBi,
Pn78/79/80, NDFBYaPDRE, and NPDFBYaNDRE; 10 for the inputs of the gates
generating n102, NPDB1, and n103).

A further delay reduction can be accomplished by itself or in combination with
any of the above versions by minor circuit modifications and moving the leading
EXCLUSIVE OR functions into the preceding clock cycle in the data source path which
requires at most 13 exira latches with complementary outputs.

The block diagram for an exemplary decoding circuit with all inputs and outputs
is shown in FIG. 63. A gate-level circuit diagram of the decoder is shown in FIGS. 64A-

C, representing a single circuit with net sharing. FIG. 64A shows the vector validity
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track of the disparity. No logic path exceeds 7 gates; all gates are of the
inverting type with shorter delay except some XOR gates which for most
power and loading levels have comparable or only slightly more delay
thanoidGRsgates. The circuit presented has been structuregdaygasykozo442
forward pipelining for fast operation at the cost of a few extra gates. If a

first encoding step is limited to six logic levels, all the trailing EXCLUSIVE
OR functions for the coded bits and for the ending disparity can be moved
iff5TTe ABKiERE Whith jerjinkediErvesen Prplunesative fiel dREMRIGL0) is
siepredin BEG s erhisivedgaogievets, drheRARetons dmmegialel¥nown
ba(?f&%e Al 23(1966 %realallso m%éeoé gog se ontd séeup which regﬁires only five
more Iatches, a total of 26 extra Tatchas ATEGUSSAES RiUPESFrfedenending
iAHe Tas retapaeetlireBlmotty shiwswhetiaibhgngatesfopbifsecqmdibran@r the

thenipraceHalnogaies el athensignalpaths SN
r§q£i9rr§s go latches more fhan trrqi non.pipéliﬁgahég?gﬁ%q‘%? é%%m%\l’ %gués &,

T S PE ENROle RO SHESIpUAR s LS etraratind: Gakhe top,
Ol rGiche ety SiinEvand GhbvinfanrGeleRbfasthainputs of the gates
generatj I,+.PN78(79 DEBY.aPDRE, and NPDEBYaNDRE; 10Q for,
e ot e I NG 85 0 iR Al OF e
deYST REdPE o et BanacEOm MRtk drhy WelbBr patbormbiratisieritio aw logic

GEEIe BPAYRVRISIORSRY INeEGiIreylt mRdifigsiions and mgﬁ@%mﬁs five logic
I adfng EXCLUSIVE OR functions into the preceding clock cycle in the
(%%%SSource path which requires at most 13 extra latches with
compléfmefitarypettputshd biechioplesingtams foeanexamalanyt 89Teiard pipe-
ireuit with, all i S tputs. is shown in FIG. 63. A.gate-level circuit
O T oo A EIE I o sl PR on
éFF&ﬂE’\R/i}(‘W?ﬂét‘% fagifEst B, T@QMSW@E%@W_S’W@@R@HN@S generating
20061 304eduRICT 4 92006 6329¢4 41 hpclsoERGHEY %%@cWﬁH%gﬁ?%ﬁﬁ %ires
vectotr cg%lir%e tation signal CO_MPLl%éS shown in FIG. 64B. The )
Shared EXCLERE BR fifktoRbPails tagrdmy Atd3 s danemagtation
$idee: lygein flinviRténscians hessadistilytbefior SRINBIORALSEIMAEN gate of the
depepsi irements. FIG. 64 ows the implementation. .
T A S o A G B g i
gemion PEBIBRETINE Epfiviel YAleem(Rtches. For a reduction of the first step to four

gating levels, a total of 48 pipelining latches are required (12 for Valid, 7 for CMPLI1G, 3

for K, 18 for the inputs of the gates generating the signals PCMPLal through PCMPLh1,
and 8 for the bits PCa thorough PCh).

Again, a further delay reduction to three levels can be accomplished by minor
circuit modifications and moving the leading EXCLUSIVE OR functions into the
preceding clock cycle which requires at most 23 extra latches with complementary
outputs,

For verification purposes, a soft, technology independent macro was written in
VHDL. The encoder generated all the expected outputs with correct disparity. The

decoder restored all the original vector values. A random sequence of all possible 10-bit
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B, C, D, E, F, G, H). At the bottom right side, the control bit K is
generated. At the top, the trailing two gating levels are shown for the eight
data bits. The decoder includes 275 gates. No logic path exceeds seven

galespalbafsthe inverting type except some XOR gates. Th@&ﬂb@m@tﬁmz
can be reduced to six logic levels by replacing the inverter 11837 with a

NAND3 gate, and the PIC path is five logic levels. For fast operation, the
circuit presented has been structured for easy forward pipe- lining at the

deritestcralicdiv d iyadecodiminmuid dprtiEpd sdingvelid inoes radrectustibhdesoded
Sielogiia kgwels in the first step, the eight trailing EXCLUSIVE OR functions

generatjng_the bits A through Ii at the top of FIG. 64C are moved into a _
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latches are reguired (12 for Valid, 7.for CM'L10, 3. for K, r the inputs
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leading EXCLUSIVE OR functions into thé preceding clock. cycle which
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veddication (leposes, amsafriecinpliegyendeprrdsat ﬁ&@ﬁé%r\/\mdeéﬁléﬁnd&h a
he der generated all the expected outputs with correct
e i el Ao 0 A kARG AT (RGP G BB RO ead
Sl areecaak prssiBhem@sbiteviteVite 20081 1BOAR 7a removable memory device
RET/URRARS/020A42 Pt n%@cpﬂﬂ§qi£%.th%1q9&8ﬁgﬁiﬁ%%%%g%g@%@gomput

invalid inputs and correctly decoded the valid inputs. A

VAIER; f 8 RS it Zpigrdedicatsdar dvareargificas PS8 anechanisms
frocaestng, ditnwaite; setvwarg, ia(cenbinaionef he foregeingnaybes for
providing tesults associated with the processing unit (e.g., printer). The processor 6502,
memory 6504, and input/output interface such as display 6506 and keyboard 6508 can be
interconnected, for example, via bus 6510 as part of a data processing unit 6512. Suitable
interconnections, for example via bus 6510, can also be provided to a network interface
6514, such as a network card, which can be provided to interface with a conmputer
network, and to a media interface 6516, such as a diskette or CD-ROM drive, which can
be provided to interface with medium 6518.

' Accordingly, computer software including instructions or code for performing the
methodologies of the invention, as described herein, may be stored in one or more of the
associated memory devices {e.g., ROM, fixed or removable memory) and, when ready to
be utilized, loaded in part or in whole (e.g., into RAM) and executed by a CPU. Such
software could include, but is not limited to, firmware, resident software, microcode, and

the like. Note that implementations of one or more embodiments of the present invention
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employed to implement the present invention, in addition to the preferred
implementation in hardware using logic gates. With reference to FIG. 65,
such alternate implementations might employ, for example, a processor
Sasamemory 6504, and an input/output interface formethdon X2
by a display 6506 and a keyboard 6508. The term "processor" as used
herein is intended to include any processing device, such as, for

example, one that includes a CPU (central processing unit) and/or other
ONAY B8 THOVRSSIRY e adyantaaeeé thens el frooweloismasseater thove to

rmaptoth e enedpid)\dduabiarassesidiadednsgemory” is intended to
includefglnr%morx gsaaociated with a E@r}ocessor or CPU, such as, for
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mmmémeMB$m§t@@%r?Viﬁiﬁgﬂ@§9'%5?2%%11)1\9’%%%?6 m(sjtruction
R ing.unit (e.g., printer). The processor , memory , an
in;;gégg%lt% Stylerlll_%érpé%éaguﬁbﬂrggvé?gblay 6506 and keyboard 6508 can be
intercohifettesdto cuxberlelopitobids 1B BEs petitdf ddatmproeassiafiared, or

ke Qe 1ot j %?%Q Tojoi ' 6510, can also
rovidgd t&%@%\%t@%r inteﬁigggiggg %&%@%ﬁéﬁ%ﬁ%&dﬁ&vﬁg os of'a
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i ave 5616 fuch amadisketeynnE BHREM @rive.ddhieh 88N BRdom access
i interf with mediu . Accordingly, computer software .

?r{%égﬁlg inst Uét%%%é%nr}%én S for pertorhing emﬁ%gﬁ‘ﬁidi&%di’é%%‘f?ﬂ%"&i disk.

frivesii o ame ge séptiech didin invlagebesmradiiskeredosmhonenbthdCD-ROM),

ASEPEIARE RBIMIY @yj'g@m(fﬂgd,ﬁ@\_/l, fixed or removable memory) and,
when reg%éto be utilized, loaded in part or in whole (e.g., into RAM) and

execufedH) FEBT B AU HIRE ©5dHarineiaediopatIsutisg e sode wil
fiindare leesidentsoftsates Snictocpre, @RditherlikRidiale thalemory elements
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AnRaredgegTgRetpr mcatitorg draetisnmiestibetk aboye tandmpieyndaiories
SHRMPISvRAY eEHRHZRY QLRABIEIZRASWHODrosram code in order to reduce the
number of times code must be retrieved from bulk storage during execution.

Input/output or YO devices (including but not limited to keyboards 6508, displays
6506, pointing devices, and the Jike) can be coupled to the system. either directly (such as
via bus 6510) or through intervening /O controllers (omitted for clarity).

Network adapters such as network interface 6514 may also be coupled to the
system to enable the data processing system 1o become coupled to other data processing
systems or remote prinfers or storage devices through intervening private or public
networks. Modems, cable modem and Ethernet cards are just a few of the currently

available types of network adapters.
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Furthermore, the invention can take the form of a computer program

product accessible from a computer-usable or computer-readable

medium (e.g., medium 6518) providing program code for use by or in

sanneetionayvith a computer or any instruction execution systen H06cii 142

purposes of this description, a computer usable or computer readable

medium can be any apparatus for use by or in connection with the

instructjon execution system, apparatus, or device. The medium can be

2 eloc AR Ag O BT EeaE A GBS et herein may be

Sewlisondertor system (mppﬁﬁamdsmﬁ,dmalmé arpropgatipnsMBeitsT). c.g.,
: : . c a semiconductor or

B R G T R

CORPRIaEH SRegE s naeRrE 6B IBYSa dipiabrrapseas Widnsergc{@aiMycrory,
[QatbOfly R 0ReRnIREIMb o rigish Maanelicsiskiand A0 RRHCal 8iskibed herein,

Current.examples of gptical disks.include.compact disk-read only memory
R O B P R S SRR A BB oromary s
prdbesdiedsys e buitlb| o fomstopiats atitioingeceting grogfam cadgowdtts of
4R A1 AR BRI AR RN MRIGH HIEGEN: AHBACGHN L9 s temented
memory elements 6504 through a system bus 6510. The memory

diah et EiRiiciude local memory employed during actual execution of

the pragiaougodéysputivsterageinatkcaahe ﬁﬂ@sgiﬁr_iﬁseréﬁbm@%%@ﬁ described
emporary storage of at least some program code in, ordey to reduce the
B R S Y e oy ood et he
axeatitons neplivdishist beitOrdevicasblidohedinghiitindtrtiritadieer changes and
kenaEs 608, 1l it i 6;% | e
coupled to _th@yﬁﬁ%ﬁlﬁﬁ%ﬁ%ﬁgﬁgﬁg g\ﬁgi%?ﬁsge %é)l){%%rgr%g% pooPe o
TRERE g TertBRtrollers (omitted for clarity). Network adapters such as
network interface 6514 may also be coupled to the system to enable the
data processing system to become coupled to other data processing
systems or remote printers or storage devices through intervening private

or public networks. Modems, cable modem and Ethernet cards are just a
few of the currently available types of network adapters. 43 WO
2006/130467 PCT/US2006/020442 In any case, it should be understood

that the components illustrated herein may be
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implemented in various forms of hardware, software, or combinations
thereof, e.g., application specific integrated circuit(s) (ASICS), functional
circuitry, one or more appropriately prograimned general purpose digital
computers with associated memory, one or more programmable logic
arrays (PLAs), combinational logic as described herein, and the like.
Given the teachings of the invention provided herein, one of ordinary skill
in the related art will be able to copnjgpplate other implementations of the
components of the invention. It should of course be noted that an
encoding scheme can be implemented via a look-up table. Although

Wi sirative-gmbodiments of the present invention have been described
herein with reference to the accompanyin%drawings, it is to be

L undérstBBdahfirachiaaaSrPigds imbed (S hbseuste (e cratssiniA -
birdhd $abyariaes aibsichandes and Npodiicationsmay fepaigde by one

skilled in the art without departing from the scope or spirit of the invention.

44 CEIHETGAMBIER R AfSIRSOR % ARiNGE 8 e#88ding N-binary symbol
(NBlrgeuiee dal@ Nectois dataM-Jinary sy olitMBlesncded MeplQl Siectors

M>N>QO, comprising the steps of. obtaining a plurality of NB source data

acqoEdinisiudl SHEBURY SShINB St CBaHBS SERSTESHIFRIpIS ity <PV first
poiRiEOSIeHA NETIR S0 2ES ARHINGE IR0 IBRCRIINEh SE BB SRIE RAGASHNG: disparity
. scheme mapping at least a first portion of said NB_source data vectors
INGERERRE SHEGAEY \roLests RUhBRHBCHSHRE MrRRpB AL B eheteyg Portion
of VREIOISBSaithRACAAINGScheMentanIiNg Aldeast AereONHRRHIANR: Ofispifity
NB source data vectors into MB encoded vectors conggri,sing disparity
dewﬁsmeﬁﬁfe#&hea’%a{ars%%g IS reprRSSAEAIONS art ditetrigtaste

repierESEDIAlions SRMBIRAE HANALO SRIthRRIMaRYSRAISSEAteRS NBRICMBded

encoded vectaqrs having M-N binary symbols appended thereto by said
Ve%ﬂ%ogwgg% IR ASBHT SHRFRNECe B9 Ve ST STREUHEELIARPS: @

frasiyonbst change snothRgthanom e mesianr camplmaniation caemparediol:-
Vec%grrrgggl%?éjnilne t%tqusg, ogosn%%)darlélg %Oggﬁegp%tgdi}éegcg?{ess: of said NB source data
vectors;

wherein said encoding scheme is preselected to perform at least one of:

(i) reducing, compared to at least some other possible NB to MB encoding
schemes, and

(ii) substaniially eliminating
an amount of said disparity dependent encoded vectors that fall within said fraction of
said MB encoded vectors having said binary symbol changes, other than whole-vector

complementation, compared to said corresponding ones of said NB source data

Vectors.
2. The method of claim 1, wherein N=8, M=10, and said encoding scheme

substantially eliminates said amount of said disparity dependent encoded vectors that

fall within said fraction of said MB encoded vectors having said binary symbol
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wherein said encoding scheme is preselected to perform at least one of:
() reducing, compared to at least some other possible NB to MB encoding
schemes, and (ii) substantially eliminating an amount of said disparity
dependent encoded vectors that fall within said fraction of said MB
encoded. vectors having said binary symbol changes, other than
whole-vector complementation, compared to said corresponding ones of

chﬁiﬁé’s NEigoulee daialovestars campharmneaiiee otehapardd whemindrSponding
On? ?él%ﬁ’gﬁ\qﬁfald en odln scheme substantially eliminates said amount of
a
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: SaldNBlﬁﬂﬁedeﬁ yegiors Ravieg:said binary symbol 45 changes, other
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oS SRR SOUTEE BT Vool IR HAHFOR P BB rein
saudsenmﬁww@&Wemmmﬂwam&D&@alameﬂcﬁmmwhm@e wichced
said first portion. of said i[(L?ource ata \éectors comp rlse r%éleast 60
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witd thabarscappendeshiwith scanipiebhentasypailof appepdedhinaryaid M-N
mbol rr ondin said M-N bi mboals, n encoded into,
b R S e e R e P B dpeicgenden
encbdedmethad. of claim 3, wherein said fraction of said MB encoded vectors

havi blnar ymb Icha,nge compat dto aldc rre %V(@d one
saldﬁllgg souercae a{% vect’drs%%lﬁjensﬁ%ﬁd 8thosE o s§ spa(xff?e Letors
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of appended binary symbois.

5. The method of claim 4, wherein:

said encoding scheme assigns a majority of said NB source data vectors
corresponding to said fraction of said MB encoded vectors having binary symbol
changes, in complementary pairs of said majority, to corresponding pairs of said
disparity independent MB encoded vectors that are complementary in all binary
symbol positions except said appended binary symbols;

said encoding scheme assigns at [east eight vectors of said first portion of said
NB source data vectors, having a leading run of four followed by two pairs of
complementary binary symbols, to selected ones of said fraction of said MB encoded
vectors having two leading binary symbols complemented with respect to
corresponding ones of said eight vectors;

said encoding scheme assigns at least eight vectors of said first portion of said
NB source data vectors, having 2 leading run of four followed by a single binary

symbol in four subsequent binary symbols, where said single binary symbol maiches
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changes, in complementary pairs of said majority, to corresponding pairs
of said disparity independent MB encoded vectors that are
complementary in all binary symbol positions except said appended
binary symbols; said encoding scheme assigns at least eight vectors of
said first portion of said NB source data vectors, having a leading run of
four followed by two pairs of complementary binary symbols, to selected

birReS-ahsaid fragtion-afisaid-MB.enseded svectars having twa '8adkdd of said
binary symbols complemented with respect to corresponding ones of said

MEi GREU S oreC ST R Bttt g iEh Hie s EIgRROA TR BB SRR ctafs T5PBaR to

cofteshbamion Hfsaits NB-salree-gataretors, having a leading run of four
followed by a single binary symbol in four subsequent binary symbols,

whef@'S4Reighetlisas yebsIanisashaiehie fittin  bymBaIssiPegign of said

NHeasling ranof fouwidorseiected enas ot saidfragtion o waidbMB gneededary
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vectors, having a leading run of four followed by a single binary symbol in

saifh MRIbEBARASH: BIRRTSyRIBBIS, indhssal Engtabhinary &y Mg osanbols
complemaiahl binane syerhelsdn saichlieading-aut offouizoseleeied ones of
said fraction of said MB encoded vectors having a first, third and fourth

binary symbols complemented with respect to corresponding ones of said

6. eightleataisiod o brimethat@telaim 2, wherein: said encoding scheme
code; said first portion of said NB

produces a DC-balanced transmissio

sour%aégdﬁgf(éo\%%é %B&BW%E%F%?S@%P@%%? GERtBrSHAvRYEn overall
dispedity fabppesidnadAd SoUscardatieasorshayingagsoverall disparity

of minus 2,.and having a running disparity of at most 2 after any given
binary sym%?als%lggﬁi 7 tﬁ%‘itoa{ﬁé%f erfdet % %W&@%%@%r
those 27 salreeuladaduectossthavingan averalgdispanittief RIosda@nd. and
hinar .11, for those of s 7 source data, vectors having an

bol id
b A TR BT 3. RS T eHEB R RIS Eor BB oion, that

are appended with binary symbols 00, for those 27 source data vectors having an
overall disparity of plus 2, and binary symbols 11, for those of said 27 source data
vectors having an overall disparity of minus 2, when encoded into corresponding ones
of said disparity independent encoded vectors; and
said second portion of said NB source data vectors comprises:
at least 19 source data vectors having a disparity of plus 2 and
satisfying at least one of:
ending in binary symbols 11001;
starting with binary symbols 1110 and ending with binary
symbol 1; and
ending with binary symbols 10 and having one of: (i) at most
three leading ones, and (ii) at most one leading zero;
said 19 NB source data vectors being mapped to 19 disparity dependent

balanced encoded vectors having a required negative starting disparity, said encoded
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of said disparity independent encoded vectors; and said second portion of
said NB source data vectors comprises: at least 19 source data vectors
having a disparity of plus 2 and satisfying at least one of, ending in binary
symbols 11001; starting with binary symbols 1110 and ending with binary
symbol 1: and ending with binary symbols 10 and having one of: (i) at
most three leading ones, and (ii) at most one leading zero; said 19 NB

veSRKICE: dR1a VaGIors heing mrRRed 18 19 dishadly depspdent \pﬁfﬁﬂgg%eroes

encoded vectors having a required negative starting disparity, sali
appredsedcOvectors having binary symbols identical to said source data

vectors with;twa 7erae3, ARpeNsdedhere Q. ableastAinalanaed SN Cmbols

data vectors starting with binary symbols 1110, said 4 balanced source

11§ 8evidctobalapsrshePiith BaryesiRbsiaring owéiringraspedas 4 110 being
m%@@mqﬁﬂ%@ﬁ}eatﬁlaa&%%ee@%ﬁa&%&%&%wﬁﬂggtﬂ'&! RBIRHEYEve

starting disparity and having binary symbols identical to said 4 balance
stagpiecd T drE IR BN SR ls I ontisphentiid thsbvesednipice data

velegatdidalanced saurtedalaiaatorgsiattingawith binary symbols 0001,
said 4 balanced source data vectors starting with binary symbols 0001

being mapPelitd 4 ia5aned deHETIERELETEIES PR el ebiBrsyhamyls
noeIresiiredipositve sstatingadispasitysanarNAY NG RINaN:-SYHROIS {ARRTICRLine

to said source data vectors with binary symbols 01 appended thereto. 7.

mapRedithGERA ERRRRENdeRaacsE SResisd perinsh b aamNBIgsErcRoSitive

stabliia MSFASKS Hahek GOMPHises Rt leastdbdirouiceslatdvactorsnoving &with
_ disparitygof plus 4 and satisfying one of: trailing 4 binary symbols

bR ROL S rABRSASHEI P4ir of binary symbols followed by binary

symbols 11; trailing 4 bay symbols are 1111 and leading 4 binary symbols

are one . . . . . .
7. The method of claim 6, wherein said second portion of said NB source data

vectors further comprises:
at least 18 source data vectors having a disparity of plus 4 and satisfving one of:
trailing 4 binary symbols comprise a complementary pair of binary
symbols followed by binary symbols 11;
trailing 4 bay symbois are 1111 and leading 4 binary symbols are one
of: (1) two pairs of complementary binary symbots, and (ii) 1100;
leading binary symbol is I and trailing 4 binary symbeols are 1101; and
leading two binary symbols are 1 and trailing 4 binarv symbols are
1110;
said 18 NB source data vectors being mapped to 18 encoded vectors having a
disparity of plus 4 and a required negative starting disparity, said encoded vectors
having binary symbols identical to said 18 source data vectors with 01 appended
thereto;
at least one source data vector in the form 11101111, said one source data vector
being mapped to one encoded vector having a disparity of plus 4 and a required

negative starting disparity, said encoded vector having the form 1110111100;
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of: (i) two pairs of complementary binary symbols, and (ii) 1100: leading
binary symbol is | and trailing 4 binary symbols are 1101; and leading two
binary symbols are | and trailing 4 binary symbols are 1110; said 18 NB
source data vectors being mapped to 18 encoded vectors having a
disparity of plus 4 and a required negative starting disparity, said encoded
vectors having binary symbols identical to said 18 source data vectors

with 01 appendeh thergtR; Akieastong0H 68 fiatavestier BB i he of:

11101111. said one source data vector being mapped to one encoded
vector havingl @disfaMpar pltisalid serapifed” heftRsstafing pair of

coslisRatity.saidepeadggyector having the form 1110111100; 48 at least 21
vectors having a disparity of minus 2 and satisfying one of. trailing 4

binary symBiEEorFEe U1 it ansy a i rdoHpEmentary binary

symbols; traiinadingny symbels are.qne-afii00anth1d010; leading; |-
binary symbo| js 0_and trailing 4 binar;/ symbols are 0011; trailing 5 binary
symbols ar&®d /iR PRILSIHRGS Bif Rﬁé%?%ils are 100001; said 21 NB

source datayeetlorsHeingsnapped e Bbemcoded vectors having a
,disparitéof minus 4 and a required positive starting disparity, said 21
sal

nebddtt viRESs aRiNgoHiRaREs BERRER ffcal todsrd sl wiree Barine 2
dispestorsrwithinatydsy rehoin@9qapRendedihenmgiprandatieashovacioffrs
having a disparity of minus 4 and satisfying one of: trailing 4 binary
ha e B ESHP %&Mﬂeﬁﬁ@h%d&waw@%%@m@mmis 00
apinaésy $mels:R0; first binary symbol is 0 and last 5 binary symbols are
1.0000; leading binary symbol is 0 and trailing 4 binary symbols are 0010;

at IS TR ARG 8 Bty SYRTES IS APE6 AARGRTIRG bR 'symbols are

0001; trailing 4 binary symbols comprise a pair of complementary binary
symbols followed by binary symbols 00;
first binary symbol is ¢ and last 5 binary symbols are 10000;
leading binary symbol is 0 and trailing 4 binary symbols are 0010; and
leading two binary symbols are 00 and trailing 4 binary symbols are
0001;
said 15 NB source data vectors being mapped to 15 encoded vectors having a
disparity of minus 4 and a required positive starting disparity, said 15 encoded vectors
having binary symbols identical to said 15 source data vectors with binary symbois 01

appended thereto.

8. The method of claim 2, wherein:

said encoding scheme produces a DC-balanced transmission code; and

said encoding scheme further assigns at least 7 NB vectors, as control veciors,
10 at least 7 MB disparity dependent corresponding encoded control vectors having
primary representations and alternate representations complementary to said primary

representations, said encoded control vectors comprising said 7 NB vectors plus two
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said. 15 NB source data vectors being mapped to 15 encoded vectors
having a disparity of minus 4 and a required positive starting disparity,
said 15 encoded vectors having binary symbols identical to said 15
source data vectors with binary symbols 01 appended thereto. 8. The
method of claim 2, wherein: said encoding scheme produces a
DC-balanced transmission code; and said encoding scheme further

apRESIGNSakIeasbbB, e o nas\CRPFelNRsieis Jo atdeAsh MBresponding

disparity dependent carresponding encoded control vectors having

NGO PrEEEItETGHS NG Aldsiih i fePresentations complementary to
said primary, reéRpasentations, saisheneaded gonkehNestois CRMPIISAgty is
said 7 NB vectors plus two 49 appended binary symbols, said primary

POSEFesBhtHtiGTs B s S Kt WoPr 8 SHih G et SRR CoRts) Yaathrs! zero
andatigTyn@ratdeasonasof wahdisrasty, enyalsuminusifershdii bieavirgehbols are
starting disparity is positive, (iii) third, fifth, sixth, seventh and ninth binary

CODIANGRATEVEPS (R GBI TEHA TR Bi NGRS O PAEE VERA 6f one,
(iv)d fourtLl @d@i@mﬂfirlaqmgymbﬁilg &‘fﬁmcqm}z!)&!(?@i@é@%tm%Vhﬂﬁiﬁhy is
and tenth binary symbols are complementary; (i) disparity equals minus

POSEYE- (ﬁﬁl}é%aﬂéus if Ry SERDEAGSIEUPHS BRYA ZlgHHe Shro

andefiffitenthsbinay symboishaye avalue ahizeoand fifth and seventh
binary sympols have a value of ong; (i) disparity equals zero, (ii) required....
eSSt g AR S e R e

firdpinarybgymbelsihaead averobzarmang thirsls foneh, flthe siktianghd third,
sev binary symbols have a valuye of one; and (i) disparity equals zero,

fou o S ER RS SO TS Gt bt S mbole and
last two binaryisymabolsghakezarvalte otrerl anddfoyrdvpdiit, sixtviand, (i)
seventh and eighth binary symbpls have a value of one, 9. The methopd of

e 8 GO B P Qs OV B A i 67 Bt AR

firthpstespantingeancadedi ghmtiohyeciorsboasiacomplamenntary, alternate
vector. 10. The method of claim 2. wherein:

9, The method of claim 8, wherein each of said 7 NB control vectors and each of

said 7 MB corresponding encoded control vectors has a complementary alternate

vector.

10, The method of claim 2, wherein:
said encoding scheme produces a DC-balanced {ransmission code; and
said primary representations of said disparity dependent encoded vectors end

with one of two 2-binary symbol patterns.

11, The method of claim 1, wherein said encoding step comprises the sub-steps of:
appending M-N binary symbols to said NB source data vectors to obtain
augmented vectors;
complementing M binary symbois of a given one of said augmented vectors

to obtain one of said alternate representations of one of said MB encoded vectors
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said encoding scheme produces a DC-balanced transmission code; and
said primary representations of said disparity dependent encoded vectors
end with one of two 2-binary symbol patterns. 11. The method of claim 1,
wherein said encoding step comprises the sub-steps of: appending M-N
binary symbols to said NB source data vectors to obtain augmented
vectors; complementing M binary symbols of a given one of said

cordtigaRmedyeciRis: Robainore ahsrid aligmaiskepreseniations Q08 of
of said MB encoded vectars 50 corresponding to a given, one of said NB

said Q0TS JRRoR OIS AIaTEtBItE SBIIGHVSP S8R NBUd eEsaigd vectors

way%%@;ﬁe{ﬁcogmvmﬁmi@@mm%smmi@m%m%memgfg aVRBRst in part
obtajned, said complementation of said M binary symbols being at least in

respaRS Yadp Srsiraniera titdm st o inkcakid Bh SOSa—REoshEoBR eS one

of vagtars-eamprisRadne atsaid disparitndependent ARGRICANERIRISRRE Bt
g‘g{rent runnin? disparity does not .match a required starting disparity for
mal

& GHRIPS SIS SISRBHEHIORS4HOnG Y S MPIENSBREHY 1K RaAN

binanyosymbetsof anathengiveniene efsaidl N saurce data eelorsiad NB
Ob%‘ggﬁ corresponding portion of another given one of said MB encoded

SOWELGTE EBFHEEPEUIILG SAIEFIIRRT BRBATBAR OF BAPRIESEHRE dirpid MB
enddRietbiecteaid sossplediep@tioniaitaidiess shanNIAIN symkolsheingors,
.at least in part respqnsive 1o a determination that sajd other given one of
SR AT TR e M A
resphaadedve darsnsaigilest:thaniN dinarysynbel complenmentingaad,saicks
N hinary symbol coqmplementjng steps being performed supstantially in
cOB AT e O NSNS UL PR AAEFS <) SO M blfGD B LCRSrE
syriitiel denagrehddtbiparysysakbl \NBhasureentiata vestiplemMreiNg Qieps being

omprising the,steps of.{ﬁtéb aining a plurality of MB encoded vectors that
perg(? eéﬁ%@ﬁtﬁge%lﬁ }Eﬁ ﬁsty of NB source data vectors according to an

encoding scheme, said encoding scheme mapping at least a first portion
12‘01‘ s%ifl Bé%sgugp%daéa ve (gs into MBb ?@?g?d vec é)is_comprising _

disparity indegendéht difcod 8 Vects s COUREEEERERE Hgpprigded
N-Eihleasyabelcond poiiion @fisaictNB, Sauice (Jatanetions thiatbhs of:

obtaining a plurality of MB encoded vectors that were encoded from a

plurality of NB source data vectors according to an encoding scheme, said encoding
scheme mapping at least a first portion of said NB source data vectors inio MB
encoded vectors comprising disparity independent encoded vectors, sald encoding
scheme mapping at least a second portion of said NB source data vectors into MB
encoded vectors comprising disparity dependent encoded vectors having primary
representations and alternate representations complementary to said primary
representations, said MB encoded vectors having M-N binary symbols appended
thereto by said encoding scheme. a fraction of said MB encoded vectors having
binary symbol changes, other than whole-vector complementation, compared to
corresponding ones of said NB source data vectors, said encoding scheme being

preselected to perform at least one of:
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encoded vectors comprising disparity dependent encoded vectors having
primary representations and alternate representations complementary to
said primary representations, said MB encoded vectors having M-N
binary symbols appended thereto by said encoding scheme, a fraction of
said MB encoded vectors having binary symbol changes, other than
whole-vector complementation, compared to corresponding ones of said
NB spurcaidata veaiprsesaid aneadingsehame Belagipreselgctad thcoding
perform at least one of: 51 (i) reducing, compared to at least some other
schBSHIBNB to MB encoding schemes, and (i) substantially eliminating

an ampumsefsaidydisparity;gependent encoded vectors that fall within
said fraction of said MB encoded vectors having said binary symbol

an GRAHBILG! SHHOR AR SREYATHD FOEBE MRSt Lb SRS SaRsion of

sai6VBSPROANAT, 0N of:5aid MR sosiEe JatBo VeRiarss and derodingotaitkcior
MB encoded vectors into a plurality of NB source data vectors accordin% .
ata

CORYP (FRRTURG FulELBRUSR Bh BNt SEBME IS OTRS RefAtH OFLISMTa2
vedhereimiN=8, M=10, and said encoding scheme substantially eliminates
said amount of said disparity dependent encoded vectors that fall within

said IFERG04 StShdMB SIS PEL IS AAVHIE LRIa DinasY Wrnlgra vectors

ac&frangas, hekthanvhelewesienepmplamaatation, compared to said
corresponding ones of said NB source data vectors. 14. The method of

claim 13, wherein: said encoding scheme produces a DC-balanced
13transthéssiethe@dss; aachsaid, prinsasis representations @fsaid-diSRBALY scheme

dependent encoded vectors end  with gne of two 2-binary symbol
Subaﬁlﬁﬁ%f SR CET S Bt 562 SURRREIR SR RRCb g S ectors tha

falcorrisesithérstivbatenssal compisrveatingableasihihbinaly syrabolsyeivol
iven one of sai B encoded vectors to recover a given one of said

ch%@egbﬂ e 6&53(3 W Fgfﬁ(&tf)gmggﬁatﬁg%ﬁompare to said corresponding

ones of said NB source data veciors.

14, The method of claim 13, wherein:

said encoding scheme produces a DC-balanced transmission code; and

said primary representations of said disparity dependent encoded vectors end
with one of two 2-binary symbol patterns.
15, The method of claim 12, wherein said decoding step comprises the sub-steps
of:

complementing at least IN binary symbols of a given one of said MB encoded
vectors to recover a given one of said NB source data vectors, of said second portion
of said NB source data vectors, corresponding to said given one of said MB encoded
vectors, said complementation of said at least N binary symbols being at least in part
responsive to a determination that said given one of said MB encoded vectors
comprises one of said alternate versions of one of said disparitv-dependent encoded

vectors; and
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of said NB source data vectors, corresponding to said given one of said
MB encoded vectors, said complementation of said at least N binary
symbols being at least in part responsive to a determination that said
given one of said MB encoded vectors comprises one of said alternate
versions of one of said disparity-dependent encoded vectors;and 52
complementing less than N binary symbols of another given one of said

MB @fspeetMectors{aHacoveneoweshandingRarionetanaiber givenn
one of said NB source data vectors, of said first portion of said NB source

enepded KRAISHS, [ ERYB oG P SATStREF Ve SRetbi saitrmBremionid NB

soveetans: sadtheomPismeniationieh saichiessthandl Rinan:swabals -Reipsding
at.least in part responsive to a determination that said other given one of

10 S VRS SAETBRA R CHBIS YohBRe i Bs A fspat oSS Emiantd less
th-enEosiedrvesions isaieitess: thas: hbinary.sysmaolcamplementing andisaichid
N binary s mb% c%%rigplementing being perfonned substantially in parallel.
oty %{Heé%pé/ﬁ?a s B e NS dg NNy Sin BT S s SiiFc @ A SBtBREILY -

indagerdehiganydeynbabi BienerdBehve Bnis: MyiNES cBhifRsl SAME Ald said
aid MB encoded vectors comprising disparity-dependent encoded

N S SRR G BHHE R 5 BB BT A P R A Yo pradidtigitions

complementary to said primary representations, said apparatus

comprising: a binary symbol ending module configured to append M-N
]%ina%ﬁs@»ﬁaf& S@é/ﬁ%‘r\%‘% CTREHA R LIS GBRARS &AGnisriRig nto M-
bindectors; ta fullMectorccasiplemensing-module: ceatigused terconapiament:Mied

binary s%mbols of a,given one of said augmented vectors to obtain one of

VS ol 6HREHE Pepr CUSRERIGHSESP OB of SHORHD CHETOEY VERIGRE  Primary
rejeestaspondingitd agivenongpicsaidiNBssawepdatanvactors fram whighary

said i\t/.en one é)f said augmented vectors was obtained, said
TR Bt 6 A A MOBIRER $ymbols being at least in part

respobBive toymblgtepminatignibdtizadd inaeiisaiddymengadeshvectars bols
0 9 rgses one %)f saig dis%gari';‘y.de endent encoded vectors and a current
O HiSrity QeSS T HE L Hot MRt AMEHESS EsHIRy disparity for said one

of saidMBvengodeshneciustiance binarycsypbelicamplementiog Modsligry
cgnfiQU{ed to comgle ent less than N _ , . . _
symbolsol a given otie of said augmented vectors to obtain one of said alternate
representations of one of said MB encoded vectors corresponding to a given one of
said NB source data vectors from which said given one of said augmented vectors
was obtained, said complementation of said M binary symbols being at least in part
responsive fo a determination that said one of said MB encoded vectors comprises one
of said disparity dependent encoded vectors and a current running disparity does not
match a required starting disparity for said one of said MB encoded vectors; and

a binary symbol complementing module configured to complement less than N

binary symbols of another given one of said NB source data vectors to obtain a
corresponding portion of another given one of said MB encoded vectors
corresponding to said other given one of said NB source data vectors, said
complementation of said less than N binary symbols being at least in part responsive

to a determination that said other given one of said MB encoded vectors comprises a
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binary symbols of another given one of said NB source data vectors to
obtain a corresponding portion of another given one of said MB encoded
vectors corresponding to said other given one of said NB source data
vectors, said complementation of said less than N binary symbols being
at least in part responsive to a determination that said other given one of
said MB encoded vectors comprises a 53 disparity-independent encoded
disyRetQrisaig-Rinanesysabalcomplementing neduls andpraitfulvectatle and
complementing module being configured to operate sugstantially in _
Salﬂaf?é{ﬁéi?@afdosmamwsa%mﬁre iRGTHEHRE harsaeriliRbegplly in
paR@RFIplementipamodwWenbeina-canniacie eacheinge and beingiconfipuied:or
to implement an encoding scheme wherein, in assignment of MB
CORRETHE Ve IO Hav iR BinsyRibI Erdhgebortishrgitg configured to
impRiEespondipgones ofcsaid-NBisource Hataivastiers, Hrelereneedsdivestors
to MB.encoded vefctors that are balanced and disparity-independent. 17.
havifg BPaY TS B cRaPhes, WHERIHIN S RSO s fcatihg\ B source

daschemesassigussubstantially all sisaisdMBeencades veetorshavlageed and
binary, bol,changes compared to corresponding ones of said NB

S
ISPBTFEEESREYEAbrs to MB encoded vectors that are balanced and

disparity independent. 18. The apparatus of claim 16, further comprising a
disparity monitoring module coupled tq said full vector complementing
moddlté SERTAISAHS BIEb el BEIRE. Borgteld (o BLEHAIRR-BaFEneheme
asdignpingstianaiity 50 siSeaid agBigRNGIRIORRTGR AR Oh SHIGh AHSRAAHN0] changes
dependent encoded, vectors t%clglgiven %‘n%e/vs of said NB source data
cO RS SRS BT ReD AL S L ROYER SAIA ARBAFAL iB encoded

vedinplenaentedasarndaridyiofdogid:gaies:d2a: An apparatus for decoding
M-binary symbol (MB) encoded vectors into N- binary symbol (NB) source
data vectors, M>N>0, at least some of said MB encoded vectors

18 comptisiagpdiaparity-clependenteheodaed pedtors liadagprinaiyoring module

representations and alternate. representations complementary to said .
coORHRary HOr i St e SHR SEPATAR L EONpr S pan e R being

configured to determine current running disparity for use in assigning proper ones of
said disparity dependent encoded vectors to given ones of said NB source data

vectors.

19. The apparatus of claim 16, wherein said apparatus is implemented as an array

of logic gates.

20. An apparatus for decoding M-binary symbol (MB) encoded vectors into N-
binary symbol (NB) source data vectors, M>N>{, at least some of said MB encoded
vectors  comprising  disparity-dependent encoded vectors having primary
representations and alternate representations complementary to said primary
representations, said apparatus comprising:

a full vector complementing module configured to complement at least N

binary symbols of a given one of said MB encoded vectors to recover a given one of
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a full vector complementing module configured to complement at least N
binary symbols of a given one of said MB encoded vectors to recover a
given one of 54 said NB source data vectors corresponding to said given
one of said MB encoded vectors, said complementation of said at least N
binary symbols being at least in part responsive to a determination that
said given one of said MB encoded vectors comprises one of said

saidltemataerdgnsetene ef:saifslisharity-gapendentprceded AVREtO S coded
and a binary symbol cc_)mplementini module coupled to said full vector

VeBpiaI SHTHY FRERERHY eBdrtufed D dorpletBiela st AtNERThHHpPart

respypalsof Adethenigimam ongofsaidMB engeded yeetormtafReaver@ciors
corresponding portion of another given one of said NB source data
CORBERSTS Wt %ﬂoﬁ%at?&fea‘faram& W Bhédtt dhipeiie dritisgt encoded
veMeglossdsaid complementation of said less than N binary symbols being
at least in part re&s}gggsive to a determination that said other given one of

saidMBEHeoded VBt T HUMPTINEEa BIEHRiGy SAHRSENd_ Nt cdddy vector
comptinferaid rhinaly symbel tamplamesiing:mesuleangsaidiulves@bols of

complementing module being configured to operate substantially in
on RISy b BB Tl e EaTartR G@esion of

angbBpiense iR medd T being coatigutedide irsplementian engadibther given
schem rein, in assignment.qQf MB encoded . vectqrs .having binary .
St s R S i b S e
synieololssipsefeiencearsgivenpoMiBeetacodedvesiarsibladg datasced @ndne
disparity-independent. 21. The apparatus of claim 20, further comprising a.
O P AR ROUCALS S SATEE R R VA RO BRRIY osaid
binand saithbinanysipmbelirgomplmeentingaidotuleysais alighiyebeckermodule
.being canfigured to obtain putative encoded vectors and tg determine
bl o 2P BHUSH orids SPSA pOLHIVE ERCodRl VBRI ardAUhIiq OREs GF oo
corapidiviBiecodddiveatbrai 2 1T hecappaapsrof giaim2Auihessin NEBgured
0, and said en{godin%lschemﬁ assigns substantially all of sai

o M= . . B or
0 LR R AenaP WA ey Sy BBY CHef e BB Gl o o0t vcors
haday éspandisgboesiahgaidcNiBrseudce datasgpoiokia oo encatedB source
data vectors, preference is given to MB encoded vectors that are balanced and

disparity-independent.

21, The apparatus of claim 20, further comprising a validity check module
coupled to said full vector complementing module and said binary symbol
complementing module, said validity checker being configured to obtain putative
encoded vectors and to determine whether given ones of said putative encoded

vectors are valid ones of said MB encoded vectors.

22. - The apparatus of claim 20, wherein N=§, M=10, and said encoding scheme
assigns substantially all of said MB encoded vectors having binary symbol changes
compared to corresponding ones of said NB source data vectors to MB encoded

vectors that are balanced and disparity independent.
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vectors that are balanced and disparity independent. 55 23. The
apparatus of claim 20, wherein said apparatus is implemented as an array
of logic gates. 24. A method for encoding N-binary symbol (NB) source
data vectors into M- binary symbol (MB) encoded vectors, M>N>0, at least
some of said MB encoded vectors comprising disparity-dependent
encoded vectors having primary representations and alternate
representations complementary to said primary, said method comprising
. the steps of: appending M-N binary. symhols to said. NB spurce data

23 yecrdi G B & BifftBhted VOB SBinBRATE iR NPT/ Sy GBI SR

of R@ivent@ne of said augmented vectors to obtain one of said alternate
representations of one of said NB encoded vectors corresponding to a
given one of said NB source data vectors from which said given one of

24 said augsieniedvestomyas-obiainedsiail camplementatoneteridiMo M-

. binar 0Js being at least in part responsive to a determinatjon that
DG YO S VB BB B ehe oo B A ShGFsp i coded
vedependenireioadedipaitnrs ddaicoyrreptoitming.digparity lde@sNObrimary

match a required starting dislparit for said one of said MB encoded )
rep@%s&%ﬁ%}oéﬁda@g (ARG ST AN SRy SRS dr AHb e gversaid
metinel obagid NP thouressddta vectors to obtain a corresponding portion of

another given one of said MB encoded vectors corresponding to said .
i -5 TR R T S e
augahlessdbansN binary symbols being at least in part responsive to a
determination that said other given one of said MB encoded vectors
o EB TSR Ny SHUB SATENE b B EERcR ShH0 THST TR ectors o
obthinaoysysiboldcamplamerdngsandsaid NfbiaarosymikdoN®naptementiagors
steps einrgéﬁerformed su?stagt'@%y in quzdl%and implementing an. . .
OO S G S EhEriE WhaPSIaT i GddigATTERT SRS SHES IS SETS HAGiRG ™
ondirfagyi $yimbotahkdngesseompasdchioeCaesponginganesof sfidiBlB1 binary

spurce data vectars, preference is given.to MB encoded vectors that a
Syl'%gulr%gg%’l% r&\%? BRI éﬁrlg/%llﬂtnchesgg%sdg%%o a defermination that Salg one o Salé%g

IS
encoded vectors comgrises one of said disparity dependent encoded vectors and a
current running disparity does not match a required starting disparity for said one of
said MB encoded vectors; and

complementing less than N binary symbols of another given one of said NB
source data vectors to obtain a corresponding portion of another given one of said MB
encoded vectors corresponding to said other given one of said NB source data vectors,
said complementation of said less than N binary symbols being at least in part
responsive to a determination that said other given one of said MB encoded vectors
comprises a disparity-independent encoded vector, said less than N binary symbol
complementing and said N binary symbol complementing steps bemng performed
substantially in parallel and implementing an encoding scheme wherein, in
assignment of MB encoded vectors having binary symbol changes compared to

corresponding ones of said NB source data vectors, preference is given to MB

encoded vectors that are balanced and disparity-independent.
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56 25. The method of claim 24, wherein N=8, M=10, and said encoding
scheme assigns substantially all of said MB encoded vectors having
binary symbol changes compared to corresponding ones of said NB
source data vectors to MB encoded vectors that are balanced and
disparity independent. 26. A method for decoding M-binary symbol (MB)
encoded vectors into N-binary symbol (NB) source data vectors, M>N>0O,
at least some of said MB encoded vectors comprising
disparity-deg}endent encoded vectors havingg)rimary representations and

25 alterhBte MEHES it iRfs Comphstsan IR o et prinfhAtid sresdinatishsme

assaid Buethad: CRMPrismg: complamenting RideashNRinan.sysnbalsiofitinses
given one of said MB encoded vectors to recover a given one of said NB

COPATRE HatPTRSERIRS Bt 8-BHRGIAY fo SR FOgRranddHe vickatit BVER Baded

veMBEIORS: BRIt AemplEmentaion: ol saig-atiaast N binary symbols being at
least in part responsive to a determination that said given one of said MB

encoded vectors comprises one of said alternate versions of one of said

26 disparityetlependeni-ancodedivestafsnBod KO RIgHeAtingI8ss thaMinary
bjnar mbols of another given one of said MB encoded vectors to
SETN COMFES HBIRAIG Yoo Of Ardtispiosir sHe B i rasodet westors

codlpiavectisenrraspontingda said ethesgivenineofsaid-ME:-eneadad and
vectors, said complementation of said less than N binary symbols being at
A e RS GR SRR D RS O A A SaliePBRRH08s GRS grethod
coraiésMNB: encoded vectors comprises a disparity-independent encoded
vector, said less than N bipary symbol c?mp ementing and said N binary
oy m BT ELSEE e Bennd DECTHRR SCbA Iy i BarieMRcPneoded
vedplemanting-angneodingScheMe RVherein diassigimentRbMBing to said

. d Gtors havi ' bol ch d.t o
o S DS SFRLHF NI Ot B JoEHe B e s

syviBlengnded ivestorpihataserkplancadianchdispasityrinderesgent sl o2 faid

The method of claim 26, wherein N=8, M=10, and, said encoding scheme_
ME, SR ST 416 SE M ALV BEAE TG Biriy Sywiber-
degindnges:coded vectors; and

complementing less than N binary symbols of another given one of said MB
encoded vectors {o recover a corresponding portion of another given one of said NB
source data vectors corresponding to said other given one of said MB encoded
vectors, said complementation of said less than N binary symbols being at least in part
responsive to a determination that said other given one of said NB encoded vectors
comprises a disparity-independent encoded vector, said less than N binary symbol
complementing and said N binary symbol compiementing being performed
substantially in parallel and i1mplementing an encoding scheme wherein, in
assignment of MB encoded vectors having binary symbol changes compared to
corresponding ones of said NB source data vectors, preference is given to MB

encoded vectors that are balanced and disparity-independent.
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compared to corresponding ones of said NB source data vectors to MB
encoded vectors that are balanced and disparity independent. 28. A
computer program product comprising a computer useable medium
including computer usable program code for encoding N-binary symbol
(NB) source data vectors into M-binary symbol (MB) encoded vectors,
M>N>O, said computer program product including: computer usable

27Prognam £ IPLPRBIRINGR RIEALY RENBsaYice data, Yeeisiiahdeheme

computer usable program code for encoding said NB source data vectors

ASSIR SUBRIFAIAHST N B e g JEB vidksiedatedRIm 5o h heod g behehaages
coSRILQNEOUIngSERME MARPINY atderst adlistParion, of said NBEOUICS jed

data vectors into MB encoded vectors comprising disparity independent
VeRiREoatAe s ced i bERanl Beserdsnapping at least a second

portion of said NB source data vectors into MB encoded vectors

comprising disparity dependent encoded vectors having primary

28 représefMAtBHE aREPEHE I AT f8pTe SEPRIBAS confoidRidatasstabiajgnedium
indDEiTHAN ol BPreseniations o saieth MB encoded Yot arsiaving M= RIN&Y source

symbols appended thereto by said encoding scheme, a fraction of said
daif) BSHES daH VR AP BikdH syRBEPE NS, OfdY tHaraid computer

pro¥helepyester sRMAlementation, compared to corresponding ones of said
NB source data vectors; wherein said encoding scheme is preselected to

perf6PMBt ALk BPHT T daeh O oRpArEE b Birelst SYmdotesrce data
veq1@ssikig NB to MB encoding schemes, and (ii) substantially eliminating
an amount of said disparity dependent encoded vectors that fall within

said REEHIGH SFCHPMEBRESHE VRS havg NaIdBiFs§¥grigsaprs into a

pliehanges MihentiasavhelerestosrEample me Biatiam LoOMPAE digisaifloding
corresponding ones of said NB source data vectors. 58 29. A computer

SChSTBGARPPrBE R ERh iy BoLBipttes il abe gL dndrGiaRy inte MB
en@@MpURTitisabiepragianaisastefordesestivg: Mridinary s¥pbal (48) encoding

scheme mapping at least a second portion of said NB source data vectors into MB
encoded vectors comptising disparity dependent encoded vectors having primary
representations and alternate representations complementary to said primary
representations, said MB encoded vectors having M-N binary symbols appended
thereto by said encoding scheme, a fraction of said MB encoded vectors having
binary symbol changes, other than whole-vector complementation, compared to
corresponding ones of said NB source data vectors;

wherein said encoding scheme is preseiected to perform at least one of:

(i} reducing, compared to at least some other possible NB to MB encoding
schemes, and

{ii) substantially eliminating
an amount of said disparity dependent encoded vectors that fall within said fraction of
said MB encoded vectors having said binary svmbo! changes, other than whole-vector
compiementation, compared to said corresponding ones of said NB source data

vectors.
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encoded vectors into decoded N-binary symbol (NB) source data vectors,
M>N>O, said computer program product including: computer usable
program code for obtaining a plurality of MB encoded vectors that were
encoded from a plurality of NB source data vectors according to an
encoding scheme, said encoding scheme mapping at least a first portion
of said NB source data vectors into MB encoded vectors comprising

29 disparity JpgdeRpendent-eRcodss veclersysaikencoding,seheme MarpiRgivm
at least a second portion of said NB_ source data vectors into MB encoded

inchadig sCOBMBIEI g thih SsLaep errtenteh cbgeding dbrairaving prmiaf)MB)
endSPIESRRIBLONG ARdRUEINRIS IERIeSERRIIRSSOMBIEMENARN: 19 Saldh > N>,

primary representations, said MB encoded vectors having M-N binary

saidyrpBIEChpIRekdE PtAdTetdsY dHIa encoding scheme, a fraction of said
MB enepded vesters phaving Risaryssyabeliahangesiothal thamvip encoded

whole-vector complementation, compared to corresponding ones of said

veRssSHat R RGO Lo b EITY SehERBB Al resstasegds o an
enRRQ:RéAeaskhaneRbdihredueing caprared 19:at least sSe Athekaid NB

possible NB to MB encoding schemes, and (ii) substantially eliminating

SOUTRen AbINYSSEEid W ity ‘AEperflercEng ot aREERT sHSRRTAN iRgfRendent
encRisifiaction, ehigaisMihenecasad Maghars: havingsaid HiRaRLsYRA! said NB

changes, other than whole-vector complementation, compared to said

SOWRFHERAGIAIAE GHes "GP SatPRAS LBEHYS cRIBPTVEBEISAAE dinpter sasprsd
vedibegamoda ter-desadingsaichME enteaedy estRrsinte sh LIk At ntary

NB source data vectors accqrdin% to decoding rules of said encoding

to s gpygaggrepresentations, said MB encoded vettors having M-N binary symbois
appended thereto by said encoding scheme, a fraction of said MB encoded vectors
having binary symbo! changes, other than whole-vector complementation, compared
to corresponding ones of said NB source data vectors, said encoding scheme being
preselected to perform at least one of:

(1) reducing, compared to at least some other possible NB to MB encoding
schemes, and

(i) substantially eliminating
an amount of said disparity dependent encoded vectors that fall within said fraction of
satd MB encoded vectors having said binary symbol changes, other than whole-vector
complementation, compared to said corresponding ones of said NB source data
vectors; and

compuier usable program code for decoding said MB encoded vectors inte a

plurality of NB source data vectors according to decoding rules of said encoding

scheme.
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