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-1- MATCHED SPECTRAL NULL ENCODER/ DECODER BACKGROUND OF THE | NVENTI ON Thi s
i nvention relates to encoding digital data for transm ssion through parti al
response channels. Mre particularly, the present i nvention 5 relates to
i mpl enenti ng AOPHBR4mat ched spectral null encoder. | nfornmat pOvusdsabesos
passed froma source to a destination can, in general, be described as
passi ng through a channel. Ideally, the channel should transmit the

i nformation without nmodifying it, but in reality, all channels nodify

I nformati on or signals that pass through them The nodifications vary from
10 channel to channel, but in general can be categorized into one or nore
types. One type of nodification, known as a partial response, creates a
channel output signal that is a conbination 4t the original input signal
and t-he original input signal delayed by one or nore tine units. Such
partial responses are oft MATEHED SEECMNMENEODMMOD@Wnom al

h( D) (1 Derr]), where h(D) 3 pnel's output, " 1"
repr e'sent s the original signal Oy, i gi nal si gnal
del ayed by N times units. ForThismvenion, reldis Yo eﬁéaamgealgﬁauwfdr‘ﬁ%ﬁsrﬂgé%h

channel s that exhi bti:{f abcl ass-1V partial response | So known as a
response, which hastBEpPugh R r‘eﬁpﬂﬁﬁ?‘[?lﬁﬂ“qlﬁ D)M‘B’F R@@Eaéb'r Ihe ptesent predtices an
out put signal that refte8qsdpleRehtiiy 4 MHYS nﬁtoﬂé@k ltéﬁﬁ?d pput signal 20
del ayed by two tinme units. Partial resp onsetran r unctions, like the

one above, have associ at ed sp@éqmmmrnmawgpawnd &temoa eowmueimmoﬁbm,m he
transfer function Bsdh ctin

PR(4) channel at ad%gi%gp (ngtdg&ﬁ. strfasg%ﬂ*&%%g‘ % {ﬁefﬁa@g?}?e{%‘@ﬁ? gl?"é’z‘hency
X/ 2, known as the Wﬁﬂhﬁm&qmawthwtm&fymg iteblftmeq:uﬁnypg&l dangels ibdify as
D. C The spectral eres bec e.it has been
shown that the rel %&Iﬁ t?(tn grf g’gﬁwﬁ{rat g&\%eﬁr&? ‘iaB?Fsc‘é?ﬁy from

i nproved if thé0chabamel so clgmnel, butginadenéral eunclﬁed%gsﬁzédhﬂto értcorsigret

power density of t ncod s to zero at the spectral nu Is of
t he channel . Such c F?°§\fg%%ﬂnsg'§’r B ARl ZespensendeateS fochepng! oppnt

codes, and their prsmﬁr thaeds deommbibain sfahe ohiginsl inputtiinl hnd the Drighhal\Riphs as
R Karabed and P. ngnai ﬁglayed by ';g(éa to19 rx1neoge tslmeecxgnrltasl Such partial responses are often
described in terms of a transfer polynomial, h(D) = (1 + D), where h(D)

15 represents the channel’s output, "1" represents the original signal and D"
represents the original signal delayed by N times units. For instance, many
computer disc drives have channels that exhibit a class-IV partial response, also
known as a PR(4) response, which has a transfer function h(D) of (1-D?) that
produces an output signal that is equal to the input signal minus the input signal

20  delayed by two time units.

Partial response transfer functions. like the one above. have
associated spectral nulls. which are frequencies that the transfer function does not
transmit. For instance, a channel acting as a PR(4) channel at a data rate X. will
not transmit the constituent frequency X/2, known as the Nyquist frequency, nor

25  the frequency zero, known as D.C.

The spectral nulls of a channel are of interest because it has been

. shown that the reliability of data recovery at the destination can be improved if
the channel’s input signal is encoded so that the spectral power density of the

encoded signal drops to zero at the spectral nulls of the channel. Such coded



Nul I Codes for Partial -Response Channels," |EEE Trans. Info. Th., vol. 37,
No. 3, pp. 81-855, May 1991. O particular interest are matched spectral
null codes with spectral power densities that natch the spectral nulls of a
di code channel (1-D). These codes nay be used to create two separate
encoded si gnaWe %ie6eh nmay be interleaved to create an encodeRCTUSIaissov t h
spectral power densities that match the spectral nulls of a PR(4) (1- D2)
channel. In a 12/15 matched spectral—null code_ _an input signal is encoded
by converting twelve bit segnents of THiS SHEBLtHASI  BERN | i nto fifteen bit
codewords. Since there are 212(4096) possREpiACEpPUt vl ues, which each
require a valid and uni que codewor d~+nptrerent+ag—ar~encoder to transl ate
12-bit input values into 15-bit codewords could be acconplished by using a
single table of 4096 entries, with each entry“containing a 15-bit codeword

addressabl e by a 12:hi I ' t abl e of that. size
would require a |ar algh%ﬁﬁggrﬁ 8?)’? Egﬁfgn%gédeﬁé{fdlg%gﬁg’naggﬁey BEORSFes 1ig%F Pt i on
of such an encoder, déscribed thedstaibinl sach ovorievas RusKdrabedcmd Po He Sicgelts, MAsea! €.
EP- A- 0097763 di scl tr divi,si f ' t I to t d whi ch
provi de preset | \S/gl 8 §°S '@Hﬂg\‘/’éesl g%%aﬂgﬂqsv' ?FEEGH@VH{% Eg'é EET\lesph&/encoiﬁgsvah °
output value. A di SparNs.y3, opNEI-855, MpgOssRA, the conpl ement of the out put

val ue dependi ng upon the disparity value in order to reduce run |engths.

EP- A- 0503863 rePates to | exi cofpasiitwlarintergstarcmaiched spentrabiedlogilesgvidospearal and
crpl oyed i n a Nz 1 By e oendli e AR e ol Rl 46 GBS hinegPOnl Fhef. Y
present invention p¢@¢$d®/ he msedh ¢l cofatee hwo depaata encoded tsignalsuwhiah may be
encoded val ue, the |.s].ng: i at | east. t r eset
val ues by applying ggt%ér gges?ft 8%%%?%5%“&%%?%?#@Wgwfﬁgﬁffé%&%‘eg‘?’ﬁﬁat

| east Ewo acctt:ass:c ngﬂwesamt alrxelkpﬁczt?&(ﬁbﬂ-?é)adiamf cetssedI preset val uetfrom a
respective se preset val ues, S Q e val ues representin
portions of a tlrﬂel lis code, Fﬁea P?écwtgﬁegosggaﬁgfniﬁﬁ‘é@eb?‘ ’3??"05\9@6 ’s“teﬁ‘l?%?gf or
a rugnijng-fli gi taLI sum%mdghimtwao' € bt Sepmnenys qf?lﬁe Mblﬁtﬁigﬁé_&lcihtotﬁﬂb%ﬁ%itfw%d?di he
encoded val ue an i C ecr eas, one. Wi eac i.nary. zero in the
encoded val ue, thevﬁmg}er%‘?re%og@lggf%“s@ﬁ@dﬂgﬁ ‘@ﬁﬂeﬁ lah%%hf?f’é“rfrae‘fapfiﬁeode
can create being nDingighd\edievbRl, Rbpiaéntdg aARhsdde} B thddSidie 12itRBut Wlueb GAst

one possi bl e preset ue_ excluded from a set  of preset val ues because its
conc gt enation P lgl-git codewords couﬂi be accomphsshed by usE)ng a single table of 4096 entries,

3

15  with each entry containing a 15-bit codeword addressable by a 12-bit value.
However, to implement a table of that size would require a large number of
components, and in nearly every application of such an encoder, it is desirable
to have as few components as possible. .

SUMMARY OF THE INVENTION

20 The present invention is a method of encoding an input value by
accessing at least two preset values. The two preset values are accessed by
applying two values derived from the input value to at least two accessing
means, respectively. At least one of the preset values contains more than one
binary digit of the encoded value. The encoded value is formed by

25  concatenating the accessed preset values.

In one -embodiment of the present invention, codewords are
bisected and the two resulting sections of each codeword are assigned to one of
a set of tables where they are stored as preset values. The tables are such that

all of the preset values within one table may be concentrated with all of the
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with at | east one preset value format |east one other respective set of
preset val ues creates an encoded value that violates a coding constraint
and concatenating the accessed preset values to formthe encoded val ue, the
nmet hod characterised by: choosing the sets of preset values, fromwhich the
preset val uewwasméssscessed, based on the entire input val uePCrus/igeoond
aspect the present invention provides a nethod of encoding an input val ue
as an encoded val ue, the nethod conprising: conparing the input value to a
first set of threshold values; determning a state, a remai nder and at

| east two binary digits of the encoded val ue based on the conpari sons;
using the remainder and the state to generate at | east two other binary
digits of the encoded value. The present invention is a nethod of encoding
an input value by accessing at |east two preﬁet val ues. The two preset

val ues are accessed by appl yi two val ues derived fromthe input value to
at |east two accessﬂ‘?%t Yﬁgﬁs?fna?é%aﬁe?ﬂeimﬁb?%ﬁ’ praduce agigld cgfewasd Thus der
val ues contai ns nDrig-Kih dodeWeRdsD iif 8k tableThds Q-Bittﬂ?&eﬁ%lﬁ@&eﬂpi@én‘ﬁﬁ e fhost

encoded value if forned by concatenating the accessed preSet varlues.
AVENDED SHEET 2 $ignifi 1tsra dhel qodeivords, at least ppeathentable hasa sevof, 7-biveterier ds

are bisected and tqtg%r%%ggﬁ%lr%gs?%g@iﬁ%ﬂé%g?Sfiga%ggé%ogggevmrd are assigned

to one of a set of as preset values. The
tables are suchSthat all of Blyeisrctngthe cadenosdsyibe mimbenef thbib estrissisqliced
concatenated wth gll of fhe. 9.7/ 06624 .
PCT/ US96/ 12680 - 3- 6{% 8 é*%‘é\*}% ‘E’é‘%‘\’%ﬁe 19187 SReReipd yplne isieneatly redyced. | Fpr sxamelee o
full codeword. Thusf affivst tdlie hig sig @delon rapsesenting Ahe fitst X bitshefxhd cdietvory gfdet
val ues representing the nost sig}nific.ant bits, of thexi 'deﬁpetkds’ at | east

i 8“%

one other table had %ctable has fur entries Tegeesentpg thedatt ¢ godeword, the
significant bits ofsif bftrie9 O£ WM FSt tddle can be concatenated With thes Rfut lcRiet BE the

codewords, the_ nunber of table entries required
- 10 second table in 24 different ways ((6)*(4)) to produce 24 different codewords.
Thus, ten entries across two tables (6+4) are able to define as many codewords
as a 24 entry table. By or reducing the number of entries required to create the
codewords, the present invention reduces the number of components required to
encode values.

15 In a second embodiment of the present invention, a 12/15 matched
spectral null encoder is implemented by recursively selecting two- bit sections
of the codeword. The initial selection is based on the input value which is
modified after the selection. The modified value is used in the next selection,
after which, it is again modified. The selections and modifications recursively

20  repeat for five selections producing ten bits of the codeword. The modified
input value is then used to address one of three tables containing the five least
significant bits of the codewords. The selected 5-bit value is concatenated with
the 10-bits previously selected, forming the 15-bit codeword. The recursive
nature of the method and the limited number of entries in the three tables

25  reduces the number of components required to translate the 12-bit input value to
a 15-bit codeword.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a typical communication system.

Figure 2 is a trellis diagram for a 12/15 encoder/decoder.



to translate an input value to an encoded value is greatly reduced. For
exanple, if a first table has six entries representing the first X bits of
the codeword and a second table has four entries representing the last Y
bits of the codeword, the six entries of the first table can be

concat enat ed Wa41/06é2d four entries of the 10 second t abl e PaT/RRY6HRESDer ent
ways ((6)*(4)) to produce 24 different codewords. Thus, ten entries across
two tables (6+4) are able to define as nany codewords as a 24 entry table.
By or reducing the nunber of entries required to create the codewords, the
present invention reduces the nunber of conponents required to encode

val ues. 15 In a second enbodi nent of the present invention,
a 12/ 15 matched spectral null encoder is inplenmented by recursively
selecting two- bit sections of the codeword. “The initial selection is based

on the input value which is npdified after the selectiop. The npdified
value is used in the next sel ion, 15 & 18V Wc?fai’tenF%‘P%zi’?eﬁh%fﬂfﬁ dust The

sel ections and nodi ginbadieASof tBE Pretént Mvénitdh. repeat for five sel ections
producing ten bits of the codeword. The nodified input value is then used

to address one of three tabl eEigemsptaithrongh 4G arers flaw chagtaf aglegoding method firt s

of the codewords. TQ&@%%%&%%&(,@I&@{ e gONcatenated with the 10-bits
previously selected, formng the 15-bit codeword. The recursive nature of

the met hod and the |inited nufigwe bfisemwdivided trellis rliagram cilusteting sth® Second
reduces the nunber n Lred.to translate the 12-bit input
value to a 15-bit c%%%%'rq%& %&f‘%ﬁgﬁg&fﬁ%%ﬂ"o\l OF THE DRAWNGS Figure 1 is a
bl ock di agram of a typical coRiguei&atis anfley shamof ki firsr feciirsive partitionl &ff the

diagramfor a 12/15 enc decg{ogerfgﬁier. .V\Du97/ 06624
PCT/ US96/ 12680 - 4- P§QHF eSor ot ng Pt P98t an encoding met hod for a

first enbodi ment of the preseFiguleréBiitd flow char® Of @ Secbid rBiugsio patiticH 8f thef | OW
I(éihart of a deco%i/_ng rngtqkilodpf@r use tﬁn t he t he venc?%{g‘r_lg rr,lgt hod of Fi ure 3. 5
gure 5is a i o 8eFoRG emppdmgntel tagPresqny &VeRtq Rlis statssd ™ aah OB ment  of
the present invention. Figurerigrel6t 8 affloweHart For th®econd tebirsive Pamiiioh bLthe
partition of the second_ nethod of the present invention,
second embodiment of the present invention for a trellis state "M".
Figure 6D is a flow chart of a third recursive partition of the
second embodiment of the present invention for a trellis state "T" or "B".
15 | Figure 6E is a flow chart of a third recursive partition of the
second embodiment of the present invention for a trellis state "M".
Figure 6F is a flow chart of a fourth recursive partition of the
second embodiment of the present invention for a trellis state of "T" or "B".
ﬂ Figure 6G is a flow chart for a fourth recursive partition of the
20  second embodiment of the present invention for a trellis state "M".
Figure 6H is a flow chart of the fifth recursive partition of the
second embodiment of the present invention for a trellis state "T" or "B".
Figure 61 is a flow chart of the fifth recursive partition of the
second embodiment of the present invention for a trellis state "M",
25 ' Figure 6] is a flow chart for the table look-up of the second
embodiment of the present invention.
Figure 7 is a block diagram of an encoder/decoder used in the

second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



Figure 6B is a flow chart of a second recursive partition of the 10

second enbodi nent of the present invention for trellis states "T" and "B".
Figure 6Cis a flow chart for the second recursive partition of the second
enbodi ment of the present invention for a trellis state "M'. Figure 6D is a
flow chart of woeMiesd recursive partition of the second enbodicmesdsnaéset he
present invention for atrellis state "T" or "B". 15 Fi gure
6E is a flow chart of a third recursive partition of the second enbodi nent
of the present invention for a trellis state "M'. Figure 6F is a flow chart
of a fourth recursive partition of the second enbodi nent of the present
“invention for a trellis state of "T" or "B". Figure 6Gis a flow chart for
a fourth recursive partition of the 20 second enbodi nent of the present
invention for atrellis state "M'. Figure 6H-fs a flow chart of the fifth
recursive partition of the second enbodi nent of the present invention for a
trellis state "T" or "B"'. Fi glfieare] iy ablack diagramfrcomofunidatior syfstem 30 svhichi ve

partition of the segpigh ' t he, p tad QVentign r trellis
Crate . 25 o netoas SR cinghl"Ss PIRED 26 MEPAGHE B Bhepdes 32
| ook-up of the secomereineddNPHENYADUESH® pdecssng an anedingQiap, fche@ites @ sériésSofd

bl ock di agram of an [ decoder uS in the second enhodi nent_of the
present invention. ISE‘?%?%E{D ﬁ%ﬁﬂﬁ#ﬁﬁg&r %%ﬁ%ﬁﬁé@%ws VO

97/ 06624 5  signal 42, which is output from encoder 32. CODEWORDS BighAl4Spdrd B850
-5- Figure 1 is a block digﬁ%ram of, c_ongtami cation system 30, Wwhich includes
encoder 32, channel 13%2 SRESTHE ROgrer deps o) thepectal aylisaf channel34e which

| NPUT VALUES 40 and has!s ipa@iabessoha® thakier Taibtion! €at es a series of codewords.
The series of codewords are concatenated to form CODEWORDS 5  signal 42,

which is output from encoder $9D imgalh2dsizansamitted thrpeghethhnnelds where
spectral power densiy¥ &,ggéedr@th?% g@&&%&ﬂ&%ﬁggw%{o g’r%ducvéh' ch

has a partial response transfér function.
transm tted thrHugh REAdsignal3i, whish isoutputfromcdhanap: 34 by deteitBE 64 RBAT sighal

partial response of 4 grggfﬁh Lanal which i

out put from channel §ZE to %aetﬁgba{ g?tgé%g%%g%i%@gﬁ%%hgsggﬁ eg'dc‘fff?wmd%

det ector 36, whi ch depresenteddy REXAD sigabl 46. kBétgctaroteisqreferably a Viterbi Detector,
a type of detector that is well known in the art, Detector 36 creates LIKELY
CODEWORDS 48, which is input to decoder 38. Decoder 38 includes a

15 decoding map that is the inverse of the encoding map used by encoder 32.

Using the decoding map, decoder 38 translates the values in LIKELY

CODEWORDS 48 to OUTPUT VALUES 50 which are a representation of
INPUT VALUES 40.

Figure 2 is a trellis diagram for a 12/15 encoder/decoder such as

20  encoder 32 and decoder 38 of Figure 1. The trellis diagram of Figure 2 has a

vertical axis 52 representing a running digital sum with integer values from zero

to six, and a horizontal axis 54 representing sixteen discrete time periods with

the transition between each time period representing the selection of a bit in a

codeword. The codeword bits are selected in order from most significant bit to

25  least significant bit, beginning with the transition from time 0 to time 1 and

ending with the transition from time 14 to time 15. The selection of 2 "1" as a

codeword bit is represented in the trellis diagram by an upwardly diagonal that

is associated with adding 1 to the running digital sum. A "0" in the codeword



represented by READ signal 46. Detector 36 is preferably a Viterbi
Detector, a type of detector that is well known in the art. Detector 36
creates LIKELY CODEWORDS 48, which is input to decoder 38. Decoder 38
i ncludes a 15 decodi ng map that is the inverse of the encoding map used
by encoder 32.WO9rMes24 he decodi ng map, decoder 38 transl ates pdwusoehisgs | N
LI KELY CODEWORDS 48 to OUTPUT VALUES 50 which are a representation of | NPUT
VALUES 40. Figure 2 is atrellis diagramfor a 12/ 15 encoder/decoder such
as 20 encoder 32 and decoder 38 of Figure 1. The trellis diagram of
Figure 2 has a vertical axis 52 representing a running digital sumwth
I nteger values fromzero to six, and a horizontal axis 54 representing
si xteen discrete tine periods with the transition between each tine period
representing the selection of a bit in a codefiord. The codeword bits are
selected in order fromnost significant bit to 25 | east significant bit,
begi nning with the tERESentehby 2 daymwasdly diagenal amesw thatisdssoridied withisttitracting
transition fromtimy fdmife hidiheldgital Bemse! ection of a "1" as a codeword
.bit is represented in the trellis ﬁllagram by an upwardly diagonal that is
associated with adding 1 to t e trelisidragrati off Figire 2UimitsAhé Pssible dodewsrdsigmor d
WD 97/ 06624 o PCT/[ US96/ 12680
-6- is represented B?Iayabedcgvi‘nsﬁtrm%}eglgylgpglaﬁr%ﬂlgpv%\ﬁ/vﬂ?ﬁ?°€@°5‘§’§H{$idd$'éaésw‘th
subtracting 1 frm tHoe instamné, rgruniiyigtoigitab wam oFleix dsret bilewedl G b&fodRhier € 2
limts the possible cfﬁ&e%gords t hat % l?e .coné,t r"ld‘&tﬁe& by limting the
al | owabl e val ues of ¥ raialadel e&Pﬁ pelectinn o570" Wagn therugning digital sumyigfivey
digital sumof six iastifettwal ISanReHyg the trelis cﬂ@ér&xﬂdxe@é}raﬁﬁwsmirﬁﬁhizéé)ﬁéﬁﬁ‘lsﬁm
codeword bit sel ectiog ?f "0" when the running digital sumis five at tine
two. Similarly, the ™ Pglgsshagzem angraaigicthan sixo fhese limptations injrodiesi zesds istom t o
be | ess than zero oy r it of TRESRelvbrdl | L Br.r
into the spectral p(ghmﬁf&g%ﬁs.pi%ag?&ﬁgfcodemgrggkm%ﬁdgﬁﬂﬁtﬁ%(ﬂ:i? ‘3&%@6@@ (?f:l
nulls of 10  al 1- B)(1d2)partial respepssrehannehannel . Each pat hway t hrough t he
trellis fromtine zero to ti p | e

MRadd PR 3L hehOSRL giog,bgﬁ% 986 %o € 15

trellis diagramof Figure 2 is capable _ 0SS

codewor ds. However, repsesents|a prssiblecoodewerde e desllisr diagramcbifEgure Qeis tchpabjer efs ent

I nvention i ncl udes delbt4 ?AO $ ;,%'?E] t | | ow Si X

consecutive sane sy%g%q%s Fn’fa{ﬁ oé%%gréa oés'iﬁng‘%%v%ggl?’t Q?é%é’g%cr%ewm S are
used because the present invention includes an additional constraint that does not

15  allow six consecutive same symbols in a codeword. For instance, a codeword
may not contain six consecutive 1’s or six consecutive 0’s. Twenty-five of the
possible codeword that can be produced by the trellis diagram of Figure 2 violate
this additional constraint. This leaves 4,177 valid codewords. Since there are
4,096 possible twelve-bit input values, the trellis diagram of Figure 2 provides

20  more than enough codewords to encode all of the possible twelve-bit values.

The trellis diagram of Figure 2 can be dissected into two parts.
one from time period 0 to time period 8 and one from time period 8 to time
period 15. This division produces six different groups of paths, three of which
start at state 56, which has a running digital sum of 3 at time zero. These paths

25  end at states 58, 60, 62 which are all located at time eight and have running
digital sums of 1, 3, and 5 respectively. Three other groups of path end at state
64, which has a running digital sum of 2 at time fifteen. These three groups of
paths begin at states 58, 60, and 62 respectively. In one embodiment of the



may not contain six consecutive | 's or six consecutive 0's. Twenty-five of
t he possi ble codeword that can be produced by the trellis diagramof Figure
2 violate this additional constraint. This |eaves 4,177 valid codewords.
Since there are 4,096 possible twelve-bit input values, the trellis diagram
of Figure 2 pwoeiwesss 20 nore than enough codewords to encaaausbéizgo t he
possi bl e twel ve-bit values. The trellis diagramof Figure 2 can be

di ssected into two parts. one fromtinme period O to tine period 8 and one
fromtime period 8 to tinme period 15. This division produces six different
groups of paths, three of which start at state 56, which has a running
digital sumof 3 at tine zero. These paths 25 end at states 58, 60, 62
which are all located at tinme eight and have running digital suns of 1, 3,
and 5 respectively. Three other groups of pafh end at state 64, which has a
running digital sumof 2 at tine fifteen. These three groups of paths begin
at states 58, 60, aRYFRON, WEKBTOIRAPL Paths,arg piseds i defineciable smtriendo constyoet

97/ 06624 codewords. PCT/ US96/ 12680
-7- rnvention, these groups of paths are used to define table entries to
construct codewords. The grodje@froupatfipaths from state 56 t& Sateb2shelvdes Gary-theteudes

forty-three separat S om.state g2 to state
64 incl udes ei ght eent E E%ﬁ%@?ﬁe&@%ﬁﬁﬁtﬁﬁrgﬁ}%@%@ %%%8&%?‘“85%?1@%'39 ng
through state 62 i ssepayatelpaths. fThe tigtalt sumsber ofipathypassifig ytowdhodtite 62 igéqtangh 2
total of 774 paths r.esent i.-ng. | et e codewor ds er, of these 774
codewor ds, sixteen f\r(}ﬁ%ﬂgf% Wlﬁﬁﬁfegg'{’rg}r)f’@%'fe‘é‘h Bving Astotal il_‘%\,\%ngmf?ﬂ’i%“e%%
synbol s. In order toompldtericodiwerdsheHowever,abf theOTRMEsddSordshSixtebr Wilatd e

enbodi ment of the present invention initially r ves one path fromstate
56 to state 62 and rmctﬁ’é‘targaﬁs'oﬂ’fg‘?’bﬁ"é‘“ﬁ?s"t"é %YP&’P 64, leaving forty-two

fand sevent een pat hs respect! el yrd?rThg Bidhihafe qqgs‘gtgitvgi‘ﬁ@ougw&ggt ﬂre@?frkthat
is removed represents the eight-bit pattern "00011111", which would f)e t he

first eight bid@ ofembodisprnfaf the prsent invention ipitielly ramaves ore nathofomestath’6 ti t s

Four i mual i d codevarne and Pl BRROHN 6 o sh I ERAR fo G MRy o
codewords. The pat tpathsgespsetively. Ghhepathdram etatg 46 i statei62 thag ixremdvedoppresaatst s
L.he 7-bit value " 0999%3&%1:&%& WGt PR Shibh Swotiy D8 fhe bt SibBbid GAN
its of sone codewords.” By I'mnating tHi s path, the present-invention
elimnates thirty watiéwordodyvinitilly alimlinatieg thesexight \bits dsa hegimting\seghehce for
' 15  codewords, the present invention removes four invalid codewords and fourteen
valid codewords from the list of codewords. The path from state 62 to state 64
that is removed represents the 7-bit value "0000011", which represents the seven
least significant bits of some codewords. By eliminating this path, the present
invention eliminates thirty valid codewords and twelve codewords which would
20  violate the six consecutive same symbol constraint.

As discussed further below, the present invention removes an
additional path from state 62 to state 64 so that there will be exactly sixteen
paths from state 62 to state 64. This additional state is removed because sixteen
entries in a table are evenly addressable by a 4-bit digital value, making it easier

25  to implement addressing directly from the input value. The combination of
forty-two paths from state 56 to state 62 and sixteen paths from state 62 to state
64 provides a total of 672 paths that pass through state 62. In the first

embodiment of the present invention, input values from "0" to "671" decimal. are

each assigned to one of the codewords represented by these 672 paths.



20 violate the six consecutive sane synbol constraint. As discussed
further below, the present invention renoves an additional path fromstate
62 to state 64 so that there will be exactly sixteen paths fromstate 62 to
state 64. This additional state is renoved because sixteen entries in a
tabl e are evewbwreckds essable by a 4-bit digital value, maki ngcitissgaseser 25
to inplenent addressing directly fromthe input value. The conbination of
forty-two paths fromstate 56 to state 62 and sixteen paths fromstate 62
to state 64 provides a total of 672 paths that pass through state 62. In
the first enbodi ment of the present invention, input values from"0" to
"671" decinmal, are each assigned to one of the codewords represented by

t hese 672 paths. WO 97/ 06624

PCT/ US96/ 12680 -8- State 58 has a total of 1816 paths which pass through

it. These paths are constructed frogmforty-seven paths fromstate 56 to

state 58 and twenty-ei ght pat¥HatefS8das atotelofdg3 b paths syhichopass thypughdt.t Bhese
codewor ds whi ch pas USthsth@d . | r a
represent valid cod}e%v\ﬂ:l)gr‘lé%. I'n 5 ‘p{lﬁé ¥@sste3eené§ﬁ$#§ﬁfs%{é ?ﬁgyﬁ?a{e%éﬁta%g
i nvention, input vatwesty-eightgmathstfronl 8% Bdoistatd 64ar Enlilesthg nedbwoedst wisich pas3 6

codewor ds represent t i through.state 58. ..There are.a
total of 2,112 pat h@g?#?égﬁ?epégfm h:"rigtygﬁé?%"g‘t‘%’ eﬁi&"%ﬁﬂ’%ﬁ“ﬁ‘l@%&’ﬁ% dRt ed
froma corrbijnat Eonfthé ﬁratBembcrv]ddmen' Sbﬁ(tﬁy-ﬁresem prvedtionf it 3Qlues of T2 t5Q 98D
state 60 and one of ,thirty-thtee, paths omstate 60 to state 64. However,
ni ne of the these p%ﬁ"%al\%ﬁﬁﬁ%‘e?ﬁ% i&gﬂﬁo?@ewa&dﬁmw by mgths which pass
constraints, |eavi n@irghghQehte’sg.i d paths. In the first enbodi ment of the
present invention, all of the_ input val ues between 1988 and 4095 deci mal,
with the exception of nine subh§Teaegdatal af2,112paths; whirky pess diroyghsstate Aandt o

one of the 2,112 paghh RS edmdfudttd SHh Sdrdlifar® of DAL of HRPGHAS I SpathstRiR!  Of

2,099 assignnents, |eaving thirteen unassigned paths and nihe unassi gned

i nput val ues. NPne ®ftetJoetoystatssGlyandd onrs of thivte-fress paths fieiapiplg Gotresiate did.
| eavi ng four unassigp&evd@ r ngs ' 3 cgmo te
t he assi gnnent of tﬁe n|eﬁ’emlijl%a(;sﬁs]?%néel iﬁgﬁt%\?}é ug%, ﬁ?%@“%?%?gn%o d
i nvention, as di scuemeaaiftys ketndng Ba03welidpaths ul | y sel ects codewords which
include the earlier elimnat Eigt?%h& E&Bﬂiﬁ&ﬁto‘?t&@ te&nffnglnﬁio Zﬂ{gpﬁgl.# t

o) e Rrvar i At

"00011111"). and uses three our unassi gne codethords t
pass through state @ues between 1988 and 4095 decimal, with the exception of nine such values,

15 are individually assigned to one of the 2,112 paths passing through state 60.
This represents a total of 2,099 assignments, leaving thirteen unassigned paths
and nine unassigned input values. Nine of the unassigned paths represent invalid
codewords leaving four unassigned paths that represent valid codewords. To
complete the assignment of the nine unassigned input values, the present

20 invention, as discussed further below, carefully selects codewords which include
the earlier eliminated path from state 56 to state 62 (namely "00011111"). and
uses three of the four unassigned valid codewords that pass through state 60.

Figure 3 is a flow chart of a first embodiment of the present
invention. In the flow chart, an input value "X" is compared against several

25  threshold values to determine which of a plurality of tables should be accessed
to retrieve portions of a codeword for concatenation, or to access an entire
codeword.

' In decision box 100. the input value is compared against the
decimal value 672. 1f the input value is less than 672. tables "START_TOP" and



Figure 3 is a flowchart of a first enbodi nent of the present invention. In
the flow chart, an input value "X'" is conpared agai nst several 25

threshol d values to determ ne which of a plurality of tables should be
accessed to retrieve portions of a codeword for concatenation, or to access
an entire cod¥QB1624 n deci si on box 100. the input val ue i s PEIHS/12680

agai nst the decinmal value 672. If the input value is |less than 672. tables
"START_TOP" and WO 97/ 06624

PCT/ US96/ 12680 -9- "TOP END' are addressed to retrieve two sections of the
codeword denoted as "START" and "END' respectively. The entries in table
"STARTTOP" and "TOP_END' represent portions of codewords which pass through
state 62 of the trellis diagramof Figure 2. 5 Tabl e " START
TOP" and "TOPEND' are found in Appendix A. Wthin table "START TOP", the

portikons of the cod e tcp%}:ﬁ@ e 56 t tate 62
are |isted underneat m@%e%?%cggéﬁg Al .E&%%&ggﬁi‘gc e%@&‘é"ﬁ@r‘%"%&tﬂf on
is an address used tSTARE" anel/ tENIDarespativelpn Theoenttiéscinttable ¢START TOBt ance,
addr essi ng " STARTTQR~gM 2 binary value of 000111 would 10 retrieve a
start val ue of mmfﬂwb §eﬂﬁefe§?¥‘§f,y’°’fsa°§|°8dwﬁf% ‘éﬁﬂ‘p%sﬁg'ﬁg“gpﬁ@“’sé%fé%
codeword portions reflliedieglagdofBignetns fromstate 62 to state 64 in the
trellis diagramof Figure 2. These portions are shown under the heading

"END' and next fo an address WRIcCRTAE_BEPlsRd TP FdLY ieeadeundin AppensinAd
portion from the taWigin tdBle "START_TOP", the poftfns 8f Hx@k:&fedo?&%eér@s@ﬂle@ Z% tBs
e cant A0-bits

decimal, the entire value may be defined by the |east signi

of a 12-bit input vi5m stageddiccnate §2 gre listed yndemgath tie eadingy STARTE g¥ext ke ant
to nost significantg,kesheord ¥&ti%n isHa Y galole

nunber of valid pater?g from stgt e %125 t?%a%%%@e¥?%¥%5f§%2g {agf;éd in
addressi ng tabl e " TKue imstmice, Kideessingl ISTART_TQPhwithe binary tvalue b£0AM 11 womidber

by a-bit val ued. THEBRE gofr? VLESE B TIPS Sl i BB o e =
and "START TOP" si mgiktyerbgodeveidiportiorisireprseptat] av phthe fioni stk 60 16 ap@reatia thé nary
ddr ess " Top END- cinFpER GUBHER: 3r5e FoH A oAk fedetla TP s
address " STARTTOP".and next to an address which may be used to retrieve the codeword portion from
the table.
15 For a value less than 672 decimal, the entire value may be defined
by the least significant 10-bits of a 12-bit input word, denoted as bits 0 through
9 from least significant to most significant, respectively. The advantage of
having reduced the number of valid paths from state 62 to state 64 in Figure 2
is realized in addressing table "TOP_END". The reduction in paths limits the
20 number of entries in this table to sixteen, a number which can be evenly
addressed by 4-bit values. This makes it possible to address both tables
"TOP_END" and "START_TOP" simply by dividing the input value into two
separate binary values. Specifically, bits 0 through 3 of the input value are used
to address "TOP_END" and bits 4 through 9 of the input value are used to
25  address "START_TOP".
After the selected bits of the input value have been used to
retrieve an 8-bit portion of the codeword representing a path from state 56 to
state 62 and a 7-bit codeword portion representing a path from state 62 to state



After the selected bits of the input value have been used to retrieve an
8-bit portion of the codeword representing a path fromstate 56 to state 62
and a 7-bit codeword portion representing a path fromstate 62 to state

WD 97/ 06624 PCT/ US96/ 12680
-10- 64, the WROHAER4of the present invention concatenates tFfe/B591368¢ | ye
and the 7-bit value to produce a 15-bit codeword. The range of input val ues
from672 to 1987, inclusive, are assigned to codewords represented by paths
passi ng through state 58 of the trellis 5 di agram of Figure 2. These
paths are constructed fromforty-seven paths fromstate 56 to state 58, and
twenty-eight paths fromstate 58 to state 64. Instead of creating one table
with twenty-eight entries representing the pri-hs from decodi ng state 58,
the present invention divides the paths fromstate 58 into three separate
tabl es of 16, 8, arﬁi,ﬂﬁenécﬂﬁpﬁﬁhé p&ebem mveriﬂbﬁ%@ncafeﬂhbﬁﬁeﬂibﬁvaﬁi&tah& HRd-Bif
"BOTTOM END 16", " TOM END 8" OT'TOM END 4", respectively, and
are shown in AppendaieAo Wﬁésc% V& %ortions descri bed by each path

al'igned under the headi ng ENPnangngd bf it Wahids Fn? @98 68519896 GndiQiveClatd €Ve
the value fromthe table. The twenty-eight paths fromstate 58 to state 64

are di vided into tsEgnedde redewgrdsrepresgnied by pah%mﬁmwrougbw&ﬁ& Qfélllqﬂrelhs

S bits, and 2ot AR St FGHES MRRSTRERARD st b Tore eyl ballh ot

way to address the mssmssmwmmbepm anlstaswiS torstate 64.alnsteadbof 0
state 58 are contai | bl e,enti.t| ed "STARIBOLT
Appendi x A. The 20 c?eaggég ea&a S‘glrht | %’E‘g eilﬂﬁw 5?@1%‘8@&%‘5%“3

headi ng START and egh58 sheaj;mgneﬁvmﬂoh dividesdbly gsiss ﬁtﬁmﬁaﬁe(SShﬂﬁ)rthre&lﬁephﬁ&
codeword portion. If theé g t vaI ue |s bet wee 672 gnd 1 i ncl u5|ve at
deci si on box 102, &9 s frorﬁW&“Y t vafSe e%r%"ﬁt gntitled

modi fi ed val ueig hat"BCSl"lEOMpEHD w us&on"(mldmpss'ng dndb| eBOTBOARENIDET OM
and 25 "BOTTOM END 16" END', the nunber  of wvallues in

tht ble "
"BOTTOM END 16" is rgfyée#‘«e!yeaq% &m@gﬁima%éwm% gV erdpopians gescrbed pj ¢
digital value. Thi %yrﬁkﬁﬁathtalxgﬁbﬁ&hﬂhﬁmk(hem%g anB @i Ml i arl Rddréks usdli t he

| east significant 4-bits, bits O through 3, of the nodified value. Bit four
through bit nine ofto retgievm thervalug frem fhe aklp HEhe Sweatyreight aths ftom sigle
portion of the state 64 are divided into three tables of 16. 8, and 4 entries, respectively, because

15  each number is evenly addressable by digital values of 4-bits, 3-bits. and 2-bits,
respectively. As shown below, this provides a simple way to address the two
tables.

The forty-seven pathways from state 56 to state 58 are contained
in a single table entitled "START BOTTOM" found in Appendix A. The

20  codeword portions in "START_BOTTOM?" are under the heading START and
each is aligned with an address used to retrieve the codeword portion.

If the input value is between 672 and 1423. inclusive, at decision
box 102, 672 is subtracted from the input value to create a modified value that
is simpler to wuse in addressing tables "START _BOTTOM" and

25 "BOTTOM_END 16". As with table "TOP_END", the number of values in
"BOTTOM_END_16" is specifically chosen to be evenly addressable by a 4-bit
digital ,value. This makes it possible to address "BOTTOM_END_16" using the
least significant 4-bits, bits 0 through 3, of the modified value. Bit four through
bit nine of the modified value may be used to retrieve the START portion of the



WO 97/ 06624 PCT/ US96/ 12680
-1 1- codeword from " START _BOTTOM'. The 5-bits are sufficient to address
the each -of forty-seven entries in "STARTBOTTOM'. After retrieving a val ue
fromeach table, the two values are concatenated to forma 15-bit codeword
with START, tW@9%/ef624c from "START _BOTTOM', occupyi ng the ei FOT/USER268
significant bits and END, the value from "BOITOM END 16", occupyi ng the
seven |l east significant bits. Wen the input value is greater than 1423 it

I s conpared agai nst deci mal value 1800 in decision box 104. If it is |ess
than 1800, the input vabtue is nodified by subtracting 1424 to produce a
nodi fied value within the range 10 from0O to 376. Since table
"BOTTOM END 8" has exactly eight entries, itlnay be evenly addressed by the
three | east significant bits of the adjustealrnput val ue, denoted as bits O

through 2 in Figur ff ~hiht wEND val ue. The. five t
significant bits o&oﬁﬁvé&gcﬁogét %@@Eﬁéé@ M)t e _eafgtﬂsﬁ ¥ sgﬁ'{cpﬁnb%%})%esF fhe
Figure 3, can be usach bﬁfmr@t-seivaventailasﬁiMpm".vm-retﬁ‘e{'ﬁ% al ViueSTART
and 15 END val yes haye heen retrieved fromthe t t abl es, the val ues
are concat enat ed vﬁfe‘H"FT‘Fg‘%Qﬁi e'@'PA‘F%%"%F&@H%F%‘&%F\@D@H&5rh5*s‘t°d§wgdithhcant
bits of the 15-bit grdenotkt vhlue!#émi "STARP HOETO "’95@@5%5 t{g@nei% Oosi t 1S
conpar ed agai nst the decinal val ue 1988 in decision box 0% of Frgure 3. If
the input val ue®i s Significaptbits and ENDobe valpe fee; "BQITYPYENDR16" o8wpying the
subtracted from t heeyd) idgst kigniflcastuge @ number within the range of 0 to 187.
whi ch may be used to address tables "STARTBOITOM' and "BOITOM END 4". As

di scussed above: because tabMhengisrinpW Yl ig greptes than 4423 it if compagsdt against, i t

may be evenly addr j t HeS. 1dNU.:. I i gni ficant
bits of the adj ustggéﬁ%g%ﬂu%gmﬂ\?aﬁ%PH%?’t{ sla-‘g gﬁhl%?%s%lgg@‘ﬁ? 0rretrieve
the 7-bit codewor d iporadifeed HyNbtraaingd 424 t6 BOGIEN MidAifiéd .valie tveithin tHerranggh 7

of e 2 ust o | R 5 B AN B30, B om0 o
the 8-bit START valbs¢eventy addresstdbyithe threé lefist kibifidand bits diNbe ddjhsted] input value,
' denoted as bits 0 through 2 in Figure 3, to retrieve a 7-bit END value. The five
most significant bits of the adjusted value denoted as bits 3 through 8 in Figure
3, can be used to retrieve an eight-bit START value. After the START and
15 END values have been retrieved from the two tables, the values are concatenated
with the 8-bit START value occupying the most significant bits of the 15-bit
codeword.

If the input value is greater than 1799, .it is compared against the
decimal value 1988 in decision box 106 of Figure 3. If the input value is less
20  than 1988 at decision box 106, 1,800 is subtracted from the value to produce a
number within the range of 0 to 187. which may be used to address tables
"START BOTTOM" and "BOTTOM_END 4". As discussed above. because
table "BOTTOM_END 4" has exactly four entries, it may be evenly addressed
by two-bit values. Thus, the two least significant bits of the adjusted input
25 value, bits 0 and 1, are used to retrieve the 7-bit codeword portion END. found
in "BOTTOM_END_4". Bits 2 through 7 of the adjusted input value are used
to address table "START_BOTTOM" to retrieve the 8-bit codeword portion
START. To produce the 15-bit codeword the 8-bit START value is

concatenated with the 7-bit END value.



WO 97/ 06624 PCT/ US96/ 12680
-12- If the input value is greater than 1987 at box 106, it is conpared
with the decimal value 2048 in decision box 108. If the input value is |ess
t han 2048, the input value is adjusted by subtracting 1988 to produce an
adj ust ed val uewbarsdgr essi ng tabl e "FULLCENTER' whi ch cont ai peridsvshicso
codewords, 5 as shown in Appendi x A The adjusted input value has a range
. of possible values fromO to 59 and each of the possible adjusted val ues
has its own entry in table "FULLCENTER' which is addressed using the six

| east significant bits of the adjusted value. The codewords listed in table
"FULL_CENTER' each end with 10 a 7-bit codeword portion ("1101000")
associated with a path fromstate 60 to state,f4 of Figure 2. Thus, all of
t he codewords of "FULLCENTER' use one path fr})’ state 60 to state 64 in

ingssi gned 11 the Tnpat val udk € 1 Vot I mAE It By a3t 006 1 somamet ¢
i sd15 dc hfec kedt ag?i wis témi:aRgrimahmqe MSll?ﬂedigeEﬁ boxlmw_% Ifaierihﬁxleqalgevﬂgssdhand
codewor ds romta ang. . .Ine I nval | coaewor ds
ari se because of thgﬁ’ég’n t‘@&\‘ggﬁ 13 Fﬁﬁ%@p‘%} "é"l"é‘%d?"§$ HhBrogpce; fpadjusted
codewords whi ch by tyahigefet ¥diessibg tabid TRULLTICENTE' WhlBh! bontby ﬁlbi%?éae%ﬁ{égate

t hese invalid codewords have the follow ng binary and deci mal val ues:
100000000000 >  ZAssowndpdumpondiney The adjusted: inpuobedBs GiGnge of peSH:

00000100000 2080; o5 .
100000100010 %g'f;s %%%gg%gggg&ogm °fﬂ%g 15’;1’%%6'85%6'88‘865” s own, gnfry.

100001000010 37in sablegFULL_CENTER" which igjaddressediusing the six leastiignificantibics
retrieve invalid co%ggg@%ﬁ&d_ in the nethod described bel ow using
tabl es "STARTCNTR' and ™ , a separate table is provided to retrieve
val i d codeword repl acenents. Thecedewords listh it 241816 BBULL_CENTER" each end with
PCT/ US96/ 12680 . — " : .
10 a 7-bit cod_eword portion ("1101000") associated with a path from state 60 to
state 64 of Figure 2. Thus, all of the codewords of "FULL_CENTER" use one
path from state 60 to state 64 in Figure 2 leaving the remaining 32 paths from
state 60 to state 64 unassigned.
If the input value is greater than 2047 at decision box 108, it is
15 checked against nine input values that would retrieve invalid codewords from _
tables "START_CNTR" and "CNTR_END". These invalid codewords arise
because of the concatenation of two separate portions of the codewords which
by themselves are valid. The nine inputs which would create these invalid

codewords have the following binary and decimal values:

20 100000000000 2048;
100000000001 2049;
100000000010 2050:
100000100000 2080:
100000100001 2081;
25 100000100010 2082;
100001000000 3112;
100001000001 3113;
100001000010 3114;
30 Since these nine number would retrieve invalid codewords if used

in the method described below using tables "START_CNTR" and "CNTR_END",

a separate table is provided to retrieve valid codeword replacements. Three of



-13- the replacenent codewords are represented by paths passing through
state 60 that end with the sane code portion that is found at the end of
each codeword of table "FULL_CENTER'. Since table "FULL_CENTER" only uses
sixty of the possible sixty-four codewords that end with this code portion,
four codewor d¥W97/06624di Nng with this portion are | eft unassi grET/UBY6/12680
"FULL_CENTER'. The remaining six replacenent codewords are represented by
pat hways t hat pass through state 62, which are not assigned to input val ues
that are between 0 and 671. These codewords each include a begi nning code
portion, "00011111", represented by a path fromstate 56 to state 62 that
was elimnated 10 from"START_TOP". The six replacenent codewords that
are reclained using this elimnated path are constructed froma
concatenation of this code portion with code'ﬁ%rtions that are carefully

" ept acenent  codewor Aot eplebierP EaRNEFs it Bbiob MRS Bessitg i 0 et g

are fully addressed ey withbiht smat wede pdtien thabiis found aethe end Dif heloéodeivbd & 5.

1 and O of the input .val, | [ » Of. decr egs] Lanificance. These four
bi ts distinguish eaé‘?ﬁ%f#ﬁm&m—gﬁ#np °‘?/'§{’ egb?“?raét%t OpbY WesSixty A they
codewords if used i pobkdiifle xR d6feWordietat@d Oyt s dodb pBtior SMREQQ%FQ' and
"CNTR_END'. Once it%ﬁas geen determ r?ed t?lat the ins ut \?gl ll?g’ i's one of 20

the val ues that %wuleadiag &ithethisportinnaare deft vrassigned, by FULLGCENTER"and 0 are
used to retrieve a codeword fagmiahhfe"RERAMdement | i
determ ned to be a val ue that does ngt gcs]rﬁgzlla?te.i nS’éh %oéﬁggrggv\r%érjgg&g%e&ggcbﬁsi on
box 110, the input \pathways thatpassithronghetaté 62;evhichuare potr assignesl th rinput valioésethat
"STARTCNTR' and tabl_g, . R FNd 679f Db rds T " CNTR"

I ncl udes code porti c?gesbe%%-r esent6g<i1|)' glﬁgtgﬁe SI §4§ye9§1§13?1u%% ﬁ%?ffnrl%négggg?%mgﬁ to
state 60. Tabl e " CNTBEIND111"cdposiersed by a pythifom sthtetShao sthter@2ythithwaaelimmiheator ds

represented by ths fro t 0 .10 state 64. Because thirty-twd and
SRty-our ars BBt h TnmevLABTIOR" et Rpedusm FoeRirbtd s tplitiedivie o
val ue. Specifical | ythis@#ififinatdd pale atehdonbtyuctedofrern desvhtaiéhatidn bPiCcode pokion
97/ 06624 CT/ US96/ 12680

. . P
-14- "CNTR_END' can "Eh efde gawiops Shatare saefilly ghoses s it theygillnot prodyee inyalid
each of the sixty-f Qggewgdeword portions in table "START_CNTR' can be

addressed b
Y The nine replacement codewords are listed in table "REPLACE"

15  of Appendix A and are fully addressed by 4-bit values. The 4-bit values consist
of bits 6, 5, 1 and 0 of the input value in order of decreasing significance.
These four bits distinguish each of the nine input values that would create invalid
codewords if used in fhe method described below fér tables "START_CNTR"
and "CNTR_END". Oncé it has been determined that the input value is one of

20  the values that would create an invalid codeword, bits 6, 5, 1 and 0 are used to
retrieve a codeword from table "REPLACE".

if the input value is determined to be a value that does not create
invalid codewords at decision box 110, the input value is used to retrieve code
portions from tables "START_CNTR" and table "CNTR_END" of Appendix A.

25 Table "START_CNTR" includes code portions represented by the sixty-four
paths from state 56 to state 60. Table "CNTR_END" includes thirty-two of the
thirty-three codewords represented by paths from state 60 to state 64. Because
thirty-two and sixty-four are both powers of two, each is evenly addressable by

a digital value. Specifically, each of the thirty-two codewords of table



a 6-bit digital value. This provides a sinple inplenmentation to retrieve
the codeword portions by using different bits of the input val ue.
Specifically, the 5 five least significant bits of the input val ue can be
used to address table "CNTR END' to retrieve the END portion represented by
a path from swiien6€4t 0 state 62, and the next six significarcTusdca26800ve
the first five least significant bits can be used to address table

"START _CNTR' to retrieve the START portion of the codeword represented by a
path fromstate 56 to state 60. The nost 10 significant bit in the input
val ue i s not needed during the addressing since it has already been
established that all values that address tables "START CNTR' and " CNTREND"
are greater than or equal to 2048, which nmeang that their digital val ues
all have a "1" for their nost significant bit. After code portions START

and END are retri evedNfrROBNDGah B8hfifmely Halreded bﬁ%%pgﬁggﬁfﬁ%lm@%}{kﬁ ot TART

15 portion occupyi ng the eight nost significan
codeword. Al though thessixtyifenscod¢yward phricss bncteble ISEART HENTRY chchermideesseddg i n

tabl es, the encodin £ OV - i_npl erent ed directly w thout
using tables. In a gi@éﬁ:?’é‘%ﬁ%@gn@ﬁ%&%ﬁea%ﬂggw FyrHAen e rﬁtf’ﬁveag’ﬁl i ed
directly to | ogic whédsvord pbuiods by usiflg diffepeny dité bLthe dhputtvalta) 8pscifithdih. ke
descri bed above Las 20 i bei ng. etr'heveg. Since the Iogi c conponents nust
be properly set “bef F& Emélﬁ%?ﬁf,mtt Bs S (0 AnRM, Yale ¢rRy DS used tq) addressstabler ed
preset val ues, sinCeCNITRYERDE t&rtaéwR!the BNDYpartibPrebrebitedebyds Y& foRPsthte 60t

Figures 4A-4C are a flow chart of a nethod of decoding for use in with the

first enmbodiment "of % ﬂ@eﬁgeg@n‘f‘e PRkt pignifiennd bits ahoye the frstyfiveclesst signidicars
decodi ng et hod begbfigcditbenBid o@Maresh thile"YPARTE TR ™SS Vafidve tHEST ARY §8rtfoh O™

six different tables shown in Appendi x A AltHough these tables appear as
rows and col ums of oftheneadeword represerigd by aj pagh &emnstate 5§i toestat¢ YO.u sThegmost

synt hesi zed si e ' t t: : %ﬁ] G IR,% ART,
and DECBOT STARWar e'L’lggi r estsl,%i B(g?/\eit?’ ‘ét Jéﬁ‘&ﬁ?%@’?‘f“?ﬁ%ﬁ?’gan e?)%is of -els-

WO 97/ 06624 already been established that all values that address tables "STARICTNISO'Gind 2680
-15- codeword. Tabl g NPE I%E %g ME . re.addr essed
by the seven | east s(?gnl gcangpdo ts o ﬂggqaﬁlpﬁ%égg’gﬂmg’%%é&\}guu l§“§
retrieved from eachvalhesdichdvalal "8 folebeir mbsicignifivant bitv Afteromdel pationHETARE| ow
as they are used by fter t

retrieved fromthe f‘%‘gﬁ@e&g %g&ﬁ‘é%o%‘gp the tables, they art cbicarenaled wih s PART

15  portion occupying the eight most significant bits of the 15-bit codeword.
Although' the values above have been described as being stored in
tables, the ehcoding described above may be implemented directly without using
tables. In a direct implementation, the addressing values are applied directly to
logic which is hard-wired to give the output values that are described above as
20  being retrieved. Since the logic components must be properly set before
encoding, the output values may still be considered preset values, since they are
automatically output for a given input.
Figures 4A-4C are a flow chart of a method of decoding for use
‘in with the first embodiment of the present invention described in Figure 3. The
25  decoding method begins by retrieving the values of several variables from six
different tables shown in Appendix A. Although these tables appear as rows and
columns of elements, they may be implemented directly using synthesized simple
logic. Three of the tables, DEC_TOP_START, DEC MID_START, and
DEC_BOT_START are addressed by the eight most significant bits of the



det erm nes whether the codeword's 8-bit nost significant portion and 7-bit
| east significant portion were found in DECTOPSTART and DEC TOP_END,
respectively. If the codeword portions were found in these tables,

vari ables I N TOP_START and IN. TOP_END wi Il each have a value of 1 at

deci sion 10 wdbpask24112. |If the val ues of | NTOPSTART and | NPE@RséddRssar e 1.
t he decoder determ nes whether the codeword is a replacenent codeword for
an invalid codeword. This is determ ned in decision block 114 which | ooks
at variable TOP REPLACE fromtable DEC TOP_START. TOP_REPLACE has a val ue
of | if the codeword replaced an invalid code word during encoding. and 15
a 0if the codeword was not a replacement. If the codeword was not a

repl acenent, the output value is constructed by concatenating the four

| east significant bits of | NDEX_END TOP wi t#5 the SIX | east significant bits

of | NDEXSTARTTOP and further with the value "00". e values in
| NDEXSTARTTOP and PRMEHWSQF&_E@P_EN&EECLMPLEER@@Qﬁ:ﬁ@ﬂﬁh@@eand

DECTCPEND. respect ludkited 87 theqBedh lE@s?élgxﬁi?iE&ﬁtbﬂg o BLGHAE o BRARERNITRL vl

i nput - val ue-t o- codeword nappi used enco ed Tn
Figure 3. The concaetdenedifoom pﬂ efsthe h@lasadeambe@@boven Vﬂlh@erﬁpwlbed belbwiasant

positions of the o I li;aces the val ue from | NDEXENDTOP in the
| east significant ‘;‘5‘%"?%‘%‘? }é%s%§2§93ec%d91- If the codeword is

deternmined to e a repl acemeAfterc tstewaines are dexiéved oftorhothe 1thbles,t e debde i n

6THBI TREPL i s exam,ned to et er ne .t he .t val ue as j.afed with
the repl acement codERBHES eyerd %@6?5\95&’%%‘[%“3‘ RiD, and
has a val ue of 0 lfsxgidmmulbdm&n Viiekd forind ihODEe TOP ISTARY 260 'BEC IO/ END,t he
two | east significant bits

(0]
PCT/ US96/ 12680 - 16 “SPNBE%ENJF@ tcgg%t“??éd P@’a'é’fls Segrnfound dp these gabigs, paripkles

value " 1000001000y mptmm Wﬁd mtﬁopfﬁwﬂ%ﬁﬁéipﬂ@a 98IaE fof 11Natl de6isfoRAST
significant bit posiTions of e output value. If the value of 6THBI TREPL

is 1, the out plft. v&lagk 1(1@)\/)1f|‘be t"ﬁ'@e%%lﬁl@?a.tsﬂéﬁroﬂn@ RL_TQR_ENI ore 1. the
significant Dits iRl NOEX BN Cﬁ?} the coéerolpc% Prddobmeay é&ew&@%gmooon

with the binary value occupying the nost significant” positions o
out put val ue. |f t lnvaiddedewald.pcltis isndeterminedoin denisionileck DECTRIBTAGKE aind

DEC_TOP_END at dec'vgxluﬁ)'i'e ‘PBiS I%élgLAéﬁ?rogle&glg%EéiW @IQ&SI % IﬁrPLArFE hea'sght

a value of 1 if the codeword replaced an invalid code word during encoding. and

15 a0 if the codeword was not a replacement.

If the codeword was not a replacement, the output value is
constructed by concatenating the four least significant bits of INDEX_END_TOP
with the six least significant bits of INDEX_START_TOP and further with the
value "00". The. values in INDEX_START TOP and INDEX_END_TOP are

20  taken from tables DEC_TOP_START and DEC_TOP_END. respectively. and
each represents an inverse mapping of the input-value-to-codeword mapping used
during the encoding described in Figure 3. The concatenation places the value
"00" in the most significant positions of the output value and places the value
from INDEX_END_TOP in the least significant positions.

25 If the codeword is determined 1o be a replacement codeword in
decision box 114, the value in 6TH_BIT REPL is examined to determine the
type of input value associated with the replacement codeword. 6TH_BIT_REPL
is retrieved from table DEC_TOP_END, and has a value of 0 if the output value

is 1o be formed by concatenating the two least significant bits of



nost significant bits and seven |l east significant bits of the codeword are
in tables 10 DEC M D _START and DEC M D END, respectively, at decision box
116 of Figure 4B. To determ ne whether the codewords are within these

tabl es, the decoder |ooks to the values in IN M D START and | N_M D_END.

whi ch i ndi cat evodraisépar t he codeword portions were found in teoresse126s0
DEC M D _START and DEC M D END, respectively. 15 ' If the
codeword portions are found in tables DECM DSTART and DEC M D END, the
decoder determ nes whether the codeword is a nenber of a particular group
of codewords by exam ning the value of variable NOT_M D 2ND taken from
table DEC M D END. A O in NOT_MD 2ND i ndicates that the codeword is part
of a group of codewords that were constructed 20 frominput val ues

bet ween 2048 and 4095, inclusive, in the encodi ng nethod by Figure 3. For

codewords in this gn t . [ nstructe "
concat enating the | e@? %Xmﬁgﬁ?fﬁlgﬁtﬂ‘%(%%ﬁﬁﬁ%fbﬁ %&ﬁ\fﬁi}fﬁqp@qlqollgqpeds"f rom
DEC_M D_END, with t hieathwabits sf QNDEX EENID_FOXedvut in thé lehSiSigXBitakt bit\doBltions of
retrieved from DEC D STARTJ. IS conc ye.is further 25
concat enated with ;ﬁ%‘/’!ﬁ‘?‘ﬂ'&r@vm &&WY ue ggmﬁﬂﬁéﬂi‘%éﬂt%f?ﬁ‘lpﬁ'eval@ QY the
most significant bits e doRcatéhation bf the hwe laanthignifcanebitsSn INDENDENTD= O P dd
occupi es the | east si gm ficant bits of the output value. The val 0Oes

| NDEX_END M D antl | NBebit binapervabren' 1008010000y, with the binasivalug, peavgying thehmost

encodi ng map used t Qjneiahd ol 6f GRIRWRE YSiyé.n the encoder of Figure 3.
VO 97/ 06624 1 B it Velu PCT/ US96/ 12680

-17- If the codeword is not alftheenstiewerd nortions aretmotiniteblesdlC T QR STARIeand
above, NOTM D 2ND lsisc rofIeidh 8f aekisfithok 192 45E BllGler MALARRES whandl il SEAD

box 120, where it deter er the codeword was a repl acene
codeword. |f the coutshsiguificant biss andsevendeastsignificaiebitsy of the dodewerd aee innaties

ot repl acemont | oa e daib A md DEE G e, Rpebiies 0 BUTGERu Tl §f ©
equi val ent of the dd&igurel4ByalodetehBing whethde thet @dtwerdd areawithin ghese tables. the
codevor d. | ndi cat ed ST 008 R AESERGET VP ST S8 e BB G
equal to the two | edfdicsté ghethérahdtodewbrd pattionbhiNeréSdviid Tivtables DECAMIDASTART t h
the binary value " 1%8%%@_%5_%%5%}%#&@ nary val ue
15 If the codeword portions are found in tables DEC_MID_START

and DEC_MID_END, the decoder determines whether the codeword is a member

of a particular group of codewords by examining the value of variable

NOT_MID_2ND-taken from table DEC_MID_END.' A 0 in NOT_MID_2ND

indicates that the codeword is part of a group of codewords that were constructed

20  from input values between 2048 and 4095, inclusive, in the encoding method by
Figure 3. For codewords in this group, the output vaiue (OV) is constructed by
concatenating the least significant five bits of INDEX_END_MID retrieved from
DEC_MID_END, with the least significant six-bits of INDEX_START_MID
retrieved from DEC MID_START. This concatenated value is further

25  concatenated with the binary value "1", so that the binary value "1" is the most
significant bit of the output value and the value in INDEX_END_ MID occupies
the least significant bits of the output value. The values INDEX_END_MID and
INDEX_START _MID represent an inverse mapping of the encoding map used

to construct the codewords in the encoder of Figure 3.



occupying the nost significant positions of the output value. If the
codeword portions are not found in DEC M D START and DECM DEND at deci sion
box 116, the decoder determ nes whether the eight 15 nost significant
bits and seven |l east significant bits of the codeword are |located in tables
DECBOTSTART arwoBrE@BOT END, at deci sion box 122 of Fi gure 4®crrushdnzksie
ei ght nost significant bits are found in table DECBOTSTART, the value in
| NBOTSTART is 1 and if the seven |least significant bits of the codeword are
found in tabl e DECBOTEND, the val ue 20 in INBOTEND, is 1. If these
codeword portions are not found in their respective tables, the input
codeword is determned to be invalid, since its portions were not found in
any of the tables containing valid codeword ggnbinations. If the respective
codeword portions were found in tables 25 CBOTSTART and DECBOTEND, the
decoder determ nes which of t rd belongs.tq. If
S R R S R e

the codeword belongs to a first set of co
from t abl e DECBOTENBbov, NOTEMID: 3NBiviss dvalue fhltand the desbderaiivankescodReisiodS .

t he out put val ue ( | Syn€ t. Lnany..equjval ent of 672 added to the
concat enati on of thoé&éifgor eais%e if f\%\%gg@fﬁgg%ﬂrer ‘the' Codeword' was a replacement
N 11 cant bit s of ENDEXENDECT  mhp o a6 | Ryer ca rapp o U b S 1 g
mappi ng of Fi gu%e 3@ﬁgﬁﬁLg%@F@q’%ig?fnF?WE&MQSS%CN@TRWOQWQGS
DEC_BOT_END, r espec thavfreliot feplacement codewords, the buthievahR46Y9 riéjecihﬁl 10 e B of
the first set of codewords, 6hﬁ‘agdec.oder det erm hes whet hér t'he codeword is

part of a second sefdByaleq epinab x ¥alien AR hadded) the the HHETT OMIRNGN

retrieved from tabl eNDERBSFERPD. MID rbthevedoSSWeSEE Vit
n

[ nd .set
of codewords, the value-of BOTTOM 2ND will be 1™a E?TQEgRgf]tltpf)Ekfe €°§F§%rg(lm

will be equal to 102 replarementrgdswerduindightediby ofl in MID_REPEAGE thehmitput value
i gni 11 cant thrde bEPw af SRELY A b higthacelbs 1 bk EARP T e
codeword is not par tonshtendted sethothd Biearyovalueo AHN00GNHN0'Y; hhe AOEHIL bindA! walué OV)
I's equal to the bi n@é&pﬁﬂg .ltlYeallnSQtsigniﬁcant positions of the output value.
If the codeword portions are not found in DEC_MID_START and
DEC_MID_END at decision box 116, the decoder determines whether the eight
15  most significant bits and seven least significant bits of the codeword are located
in tables DEC_BOT_START and DEC_BOT_END, at decision box 122 of
Figure 4C. If the eight most significant bits are found in table
DEC_BOT_START, the value in IN_BOT_START is 1 and if the seven least
significant bits of the codeword are found in table DEC_BOT_END, the value
20 in IN_BOT_END, is 1. If these codeword portions are not found in their

respective tables, the input codeword is determined to be invalid, since its

portions were not found in any of the tables containiné valid codeword

combinations.
If the respective codeword portions were found in tables
25 . DEC BOT_START and DEC_BOT_END, the decoder determines which of three
codeword sets the codeword belongs to. If the codeword belongs to a first set
of codewords, the variable BOTTOM_1ST from table DEC_BOT END is 1.
For codewords from the first set of codewords, the output value (OV) is equal

to the binary equivalent of 672 added to the concatenation of the six least



15 of 1800 added to the concatenation of the six |least significant bits
of I NDEX START BOT with the two | east significant bits of | NDEXENDBOT.
Through t he decodi ng net hod descri bed above in Figures 4A through 4C, the
present invention is able to decode the codewords produced through the

met hod descri NeQiS16633 gure 3. 20 Figure 5 i s Cnmsdd/i2esd
version of the trellis diagramof Figure 2, and is useful in understanding
t he second enbodi nent of the present invention. Figure 5 shows the trellis
diagramdivided into six partitions: first partition 150. second partition
152, third partition 154, fourth partition 156, fifth partition 158 and
sixth partition 160. The partitions are separated by dotted lines with
boxes 25 representing trellis encoder states to each side of the
partition line. The boxes to either side of a%MNtItIOH line at a

Caparated to faci |1 i ik FER R AR AT g5 ienfons Regamsrcan bives

97/ 06624 INDEX_END_BOT, which are inverse mappings of 0
-19- The states at the beéginning of a partitil onaggesdestlher?gtag? ﬁ%g@?

states "B", "M or "Figureg pé\ﬂdl N@n@n arhetaken uﬁﬂhngahith@Eﬂ: B;Q’IhS’II?tRT and

i nst ance, Wnen t he %@d&? digital sumof 5 at the beginning
of third partition s sal € in RDS state "T". The RDS state of
the encoder 5 &t the begi nnilflgaeocfodewmid isanot iptit adf thes firstsdee df icoddworeds) Abee s

corresponding to the,s of .the er. RDS sate T, "M " B"
correspond to runni f§ c?ffeﬁﬁ tgﬁm'g'ffn’gﬁe gh © codewprd lipa‘fggﬁéﬁﬂfl@é?‘ff%&qu
denoting the end st &yesexatnisiagh thar valué onfi mmnmerﬁtr&!veml fﬁsblnﬂgtébl[te
nunber of paths fro st a 2 at t end of the trellis
di agram For instan&ﬁe-zé%f-eﬁingHgfhet@h@%ér‘ﬁW@hﬁﬁﬁ‘fcﬁf‘ setiqfcodenrsds the 4
because there are 61:/&1&&&*501‘1‘@»1 | SKBUGIlLR2] bRl he Buud vaud\(O ¢ WilEBE eqﬁﬁmo

val i d codewords., The number of paths listed in each ending state of each

partition is th&0 nurfb%Pmé‘B’ qauivaient ¢f 424 pddeddo the) copcateatamelthe leastpignificant

whi ch violate the SImtscgﬂsmytxvgmﬁimBéwhm 0N Habidlsiinifdafit SBRE! fbitQaM'y
15 excl uded. Since the nunber of pathways listed in the state boxes of

Figure 5 do not inclDNREXENPBOEodewords, there are actually nore pat hways
from some of the state boxes @R doBelict BefEfnink &9%%% rarﬁ'n'a% R GE the

there are actually 18 paths fromstate 164, but only 17 o ths create
val i d codewor ds t hatsechmdiseitof codewords, the output value (OV) is equal to the bmary equivalent

15 of 1800 added to the concatenation of the six least significant bits of

INDEX_START_BOT with the two least significant bits of INDEX_END_BOT.

Through the decoding method described above in Figures 4A
through 4C, the present invention is able to decode the codewords produced
through the method described in Figure 3.

20 Figure 5 is a modified version of the trellis diagram of Figure 2,
and is useful in understanding the second embodiment of the present invention.
Figure 5 shows the trellis diagram divided into six partitions: first partition 150.
second partition 152, third partition 154. fourth partition 156, fifth partition 158
and sixth partition 160. The partitions are separated by dotted lines with boxes

25  representing trellis encoder states to each side of the partition line. The boxes
to either side of a partition line at a particular running digital sum represent the
same state and are merely separated to facilitate the description of the present

invention.



violate the six consecutive sane synbol constraint. Therefore, state box
164 20 indicates that there are only 17 paths fromstate 164 to state
172. The first five partitions of the trellis diagramof Figure 5 each
represent two bits in the codeword. The sixth partition represents five
bits in the co@d@@4 I n the second enbodi nent of the preseneCrusssntéson,
the codewords are constructed by recursively selecting two bit segnents and
concatenating the 25 two bit segnments together to formthe first 10-bit
segnent. This 10-bit segnent is concatenate with a 5-bit segnent that is
sel ect ed based upon the RDS state of the encoder at the tine it reaches the
begi nning of sixth partition 160. Each recursive partition selects is 2-bit
val ue based on a conparison between an input,yalue or nodified input value
and one or nore threshold val ues. WO 97/ 06624

PCT/ US96/ 12680 -20- In sone R’gé%{eif‘%ﬁ‘et‘%gﬁ‘s‘?‘ '°§§fﬁa9‘“§° a4 tegmé o]

elimnate codewords that would viol ate secuti ve s
constraint. |In noststatesstBin e or ('Y, slependingoamhieir shmdng digitalssum. CFomigstaees s

to the portions of rell] iagram.that .repres t,can becgne fhe
begi nni ng of an inv elgd&lg “%%&g’ﬁge'%&%g%ﬂ{jﬁmggfﬁ éfmggeeh%gém’(“&g egéﬂar it
sequences that avoipirttional S4¢litdostddver Bsin KDS stabs tEN CEhe RDE rsthtedf thi leh@aerl 54

only assigns 64_input values tqQ the path representing "01" from RDS state
“T*7 even though t%ﬂ@‘&%‘ﬂ@é%@f@i fiop i3 hixfed 8 thebaxeseagrespopding to the'staty om

that RDS state. Singqhdeichd@d RIDS b6y 8IS, M afiR¥8", cBRESphALISrufhif ﬁgg?xﬁlt ly
64 valid sequences fromthat RDS state, invalid 10 sequences ca% e

avoi ded by giving rfP@Fé’fénéeaf{dol_’tr?ﬁBE‘é‘Vﬁlé(t hs which do not violate the six
consecutive same symbol constphgitdkes dédbiting Phe <R bf 9%%&_}13{1‘1@ .
ate the

ordering the paths for assignnment so that the paths that do"not vio
si x consecutive sarmmbgrsxignifyingsthe anmberanfepaths Srogm thit blefedo statechk72patiths endnat

violate the conrgtr a| [S1: e i hyal, d e left 15
inasei gned s ndd ¢ i e SHUCHERMAT Cndr kdbDb ST Boldd 2 Sonied i
redi rected input valumber Hidtbevamse thert lver §4spatlie framsstapadd2tio stdwe 172 wellichd

d ds. Th d i £ hod af gi.vi hg..pref 1 t Ai
codovior ds by Tor mi NGPBRRLIEH FEYErdh TEoptss Af PERS SRS L G PERESRY’ ¢ ho
fact that in fourt hreagiapirtitib®is the umbeyoofRtHiist creathv4lid vdewsrie atedéwordd | d

codewords, 20 cross ,at .state 164. Because the t pat hways cross,. there
are two different prfk v Etés'%ﬁts"f IFARISFYLS; FRgpe S’Hé\g‘?lf ?‘E’é‘l‘?‘%‘, a'ieht?eﬁlgfﬂc}'ay

which enters stgte ekbkidéd Since the number of pathways listed in the state boxes of Figure 5 do
not include invalid codewords, there are actually more pathways from some of
the state boxes than indicated in Figure 5. For instance, there are actually 18
paths from state 164, but only 17 of the paths create valid codewords that do not
violate the six consecutive same symbol constraint. Therefore, state box 164
20  indicates that there are only 17 paths from state 164 to state 172.

The first five partitions of the trellis diagram of Figure 5 each
represent two bits in the codeword. The sixth partition represents five bits in the
codeword. In the second embodiment of the present invention, the codewords
are constructed by recursively selecting two bit segments and concatenating the

25  two bit. segments together to form the first 10-bit segment. This 10-bit segment
is concatenate with a 5-bit segment that is selected based upon the RDS state of
the encoder at the time it reaches the beginning of sixth partition 160. Each
recursive partition selects is 2-bit value based on a comparison between an input

value or modified input value and one or more threshold values.



a downward di agonal arrow indicating a zero in the codeword, would prefer
to assign its input value to the pathway which exits state 164 on an upward
di agonal arrow indicating a | in the codeword. On the other hand, the

pat hways 25 that enter state 164 on an upward di agonal arrow indicating a
| in the codemwab/oseadl d nornmal |y operate best if preference Rerasg/neso to
pat hways that | eave state 164 on a downward di agonal arrow indicating the

i ntroduction of 0 in the codeword. -To overcone this conflict, the present

i nvention insures that none of the possible inputs reach state 164 after
having five consecutive 1's. This is WD 97/ 06624

PCT/ US96/ 12680 -21- acconplished by limting the nunber of codewords which
may be constructed through state 168 to insugghéhat after giving preference
to pat hways that introduce zeros into the codgword in partitions 154 and

156, all of the possible input values wll pe gssigned before reaching
state 164 fromstate 168. 5 In $6me' Partfions, tﬁ?@%?é’?g%ﬁetﬁ‘?&%aﬁj" Shmingte

continuous flow charchdéforli$ thafbiotildcviethtet e sixesonadutiELRte S hboPEonsigntd BSeNt

i nvention. The method begins in Figure 6A at assignment box 180, where the
i nput user data is 22est yitagcasothis i fecomplished by; restagtinggeaess do thenartines of tie, ¢ 1

and 2 are set 10 Ghagis( Gidgratn SRV NprédBll bRk‘oah Boddme thel Blning 08 of iRVERa

state variable STATE is se VI' threshol d values set in
assi gnment box 180 &fquepesnand by tgiving perferengeutoscadp it sequensep thatl avoidtinealid

nunber of pathways Sgat: : 7 ' hr al d
t0 is set to 614 t otclmrilgl cggt' eledt?ﬁgstt&ltgﬁ’etﬂ??Pé%ﬁﬁhﬁu%éf%sgnggié%gr%%v%%eg ﬁé §d to
state 162. Thr eshol gathlrepresanting "0l "6ftdm RIS sta@ 7T ™" even msbugh tthere bt 6% passibiex t

1275 val ues are assi_gpe ate 17Q.1.hs ough ath fgrom beginni ng state
15 174 that i ncl g’g@lﬁgéﬁlgg Yé" %%%‘ﬂ%f“&ﬁpg S.‘aée-a%*“s\%afﬁ?iﬁgﬁgﬁl&m@
greater than the valatemade, ahd @rbeodre exdbtly 64 ivalid seghiencesfrom tthet RIS $tatd 2k Galid

val ues are assigped to state 170 th h .a path.that represent codebits 01
e e To e Bss sthentedt i e cevotted: e inB rpietsan, 1, ok Botat, e 49 Piigur o
6A where the encodi Riplae thei Six Peunkeutivsl shiné OyeiboR cofstiaitft. OfThele GreférartebpXeS

182, 184 and 186. In decisjon box 182, if . the input valye is less than t0
(614), the first paraf’?‘lniﬂﬂ’l’iil gring) cpgtgsgg,ap Eﬁjli_’?tmﬁipﬁthsmq flo not

eventual |y contain tidae e $ie coReiv¢E Shme SmbErEdnktedint aftl AlfgnéSbedbla AEEshi{sr om

a state of "M to a state of "T" to indicate that the encoder has reached a
runni ng digital sumteat violgteqthesconstrainty ¢ cThis gayses theeinvalid codewords to be left

15 unassigned since the restricted access to the beginning of the path has redirected
input values that would otherwise be assigned to the invalid codewords.

The second embodiment’s method of giving preference to certain

| codewords by forming ordered lists in each partition is complicated by the fact

that in fourth partition 156, two pathways, which can create invalid codewords,

20  cross at state 164. Because the two pathways cross, there are two different

preferences at the crossing. Specifically, the pathway which enters state 164 on

a downward diagonal arrow indicating a zero in the codeword, would prefer to

assign its input value to the pathway which exits state 164 on an upward

diagonal arrow indicating a 1 in the codeword. On the other hand, the pathways

25  that enter state 164 on an upward diagonal arrow indicating a 1 in the codeword

would normally operate best if preference were given to pathways that leave state

164 on a downward diagonal arrow indicating the introduction of 0 in the

codeword. To overcome this conflict, the present invention insures that none of

the possible inputs reach state 164 after having five consecutive 1's. This is



25 trellis diagramof Figure 5. If the input value is equal to or greater
than tO (614), it is conpared against t1 (614 + 1275) in decision box 184.
If the input value is less than tl, CODE is set to "01" and STATE is set to
"M'. The input value is also nodified by subtracting t0O (614) and storing

t he new val uewonowdsezavari abl e R WD 97/ 06624 , PCT/US96/12680
PCT/ US96/ 12680 -22- This ensures that when the encoder's STATE is "M at
t he begi nning of the second partition, the values in Rwill be between 0O

and 1275. If the input value is greater than or equal to tl, it is conpared
against t2 (614 + 1275 + 1275) in decision box 186. If the input value is

|l ess than t2, "10" is assigned to CODE 5 and "M is assigned to STATE. In
addition, t1 (614 +1275) is subtracted fromihe input value and assigned to
R This subtraction ensures that the value of Rwll have a range of val ues

fromO to 1275 when,QLabEeAU3! fn ‘Inl&% : con
partition. |If the iﬁput -551; ue’is lélg%ater alr%?gtr,%og%l%gﬁ P’%y?)gfgn&f?fg
+1275), "00" is assthyeugh state 580G insnns the@afiergivdng pryferchce ® fEThAEYs thidintrodute
addition, t2 is sub Ln I an e sesult is assigned
to R so that the ra%%ggér?gp%ésg%%% g%u?’% P% "3.‘#; all, ofthg possibie dppy !
equ?!ts." B" 1§t2 t he Eeguesrmrl. Eb@dssqgnedbetfoxeneabﬁﬁg_rsﬁmeh lﬁﬁwgwf 16% o(rj secondd
partition is shown in Figures n e nmet hod_of encodjing used in
t he second pal‘tl%tl on is depe §?Ffsgg5ﬁ'° ¢ A pentinpansHew phaciofithe methad

current running di gof te Sedbhd EmbSHmEMCERIME . présentSiAditions TR mlefhiod begins in
i ndi cating a running, di géé&t sym of % threshold value t0O is set to 375 and
P8

the encoder advancefl SSRPARsD 0% 4 8 whexe thecinpul yser data is assiznerhisma ed

with t0. If the val y and
t he vari abl e NEWBI T"Sﬂ&ll ?%%%mugsouom ‘}'%&?ctg? %Egz ﬁ}éﬁgﬂb%@ﬁﬁﬁ 1%%) abl

trellis of Figur e S(Qlﬁaf 1283 rroldy 5k \vaed coRPRestate m@h@ﬂ'ﬂﬁrl@mt toAMYi Jbessed

bel ow, the vaI 4T d %gﬂ.‘{!ﬁ

create the fi rst four ts%% t%fe)ﬂgggég E@b&fﬁ@ I'S greater Q{r%an oregg%ﬁal
to t0 (375) at deci swmpmommﬁmw&atbﬁwsmkowhsﬁél@mm "sute 1 70s0fHigured i n
the vari able NEWBI T i d fromthe

val ues stored in R gnd %’%?derédu 'S lgggd}}\z‘?gtﬁﬂ%{' gﬁ%?ﬁgﬁt {R&eSF?re

i nsures that R has usigned tdsthtacléD. G‘hﬁashblamxmeem A8/ ol IES"tEf'imﬁdatethet the

begi nni ng of third ggxrttlb% ggiug'SSAﬁre assigned to state 170 through a path from beginning state

15 174 that includes codebits 10. Threshold 12 is an additional 1275 greater than
the value of threshold t1 to indicate that the next 1275 values are assigned to
state 170 through a path that represent codebits 01 on the trellis diagram of
Figure 5. '

These relationships are shown in Figure 6A where the encoding

20  is performed through a series of decision boxes 182, 184 and 186. In decision
box 182, if the input value is less than t0 (614), the first partition assigns "11"
to variable CODE, which will eventually contain the entire codeword. In
addition, STATE is changed from a state of "M" to a state of "T" to indicate that
the encoder has reached a running digital sum of 1 and is in state 162 of the

25  trellis diagram of Figure 5.

If the input value is equal to or greater than t0 (614), it is
compared against t1 (614 + 1275) in decision box 184. If the input value is less
than t1, CODE is set to "01" and STATE is set to "M". The input value is also
modified by subtracting t0 (614) and storing the new value in the variable R.



If at the beginning of second partition 152, STATE has a val ue of "B",
threshold value t0O is set to 375 and threshold t1 is set to (375 + 286).

WD 97/ 06624 PCT/ US96/ 12680
-23- The value of R is conpared against threshold value tOand if Ris |ess
than tO, STATEvVQBZeEGEs to "M and "11" is stored in NEWBI TS. PCT/Ushé12680 ue
in Ris greater than or equal to tO (375), it is conpared with threshold
value t1 (375+ 286) in decision box 190. If Ris less than t1l, the val ue of
STATE rermains at 5 "B" and "10" is stored in NEWBITS. In addition, Ris
changed to the value of R at the beginning of the partition mnus t0 (375).
This ensures that the value of Rwill be in the range between 0 and 286
when STATE is "B" at the beginning of third %ggtltlon 154 . If the val ue of
R is greater than or equal totl (375 + 286) deC|S|on box 190, R is

adjusted to a val ue .ot STATE, r enai,ns . e "01" is
stored in NEWBI TS, Iﬁ“ ?@@ @W&Pﬁ@n@fien'ﬁéﬁt‘ﬁe L’FﬁijFg 9@8@nd
partition 152, as shkgwdipBrifiofUhe valfes lmrwﬁlmeltsitw&hlm%du@vstﬂnﬁm phrvaftle

set to 375, (375 + 286), and (375 + 286 _+ 375), respectively. The vaI ue of

Ris then conpared isereatggiien or equab1q Hy itds mewnﬁfaﬂzdéy Wi 12R5 thi@ 78)uinc oe
of the conpari sons t " e

STATE, and NEVBI TS. %éﬁgﬂ:}’gk figgs'iﬁﬁ ‘M?s?l E? ,gssR an éﬁ"i?t*@féba. i ¢9e| ‘

val ues and NEWHBI TS ané&M"v%essunethtmTME " b additidn, ft (634 gl 2Z5) és sublracted frombut
lless than t1 (375 + 48 Sy 0 B rec eof
"00" and Ris m)dlflﬂfae %Bt @ﬁdf‘a@ﬁ 8%?‘ RTIE;S %‘6’% ufﬁsg'ﬁ‘)‘g‘”’? *

R ensures that R w Ivillliave aarangd oftvdheds\fiesnn ananGSZb&ﬁmS’l‘ﬁlEA“é@mual' &tﬂB at
the beginning of third parti.tjon 154. Lf th aluel Ris er than or
equal to t1 (375 + %‘T’Q’agﬁ’gt@aﬁ ﬁ‘g‘dl%métk?ﬂ'pa?% h"a? ST%BS‘@‘AP{@ 0375
+ 286 + 375). For vapugs+ab75+28s5), "omeitaas%rgaed@@ombaﬁu 'crﬂ is Bsdgned RASEATE han
tl, the encoder'!s RDS ?%ATE r emaj ns |({1 ) M'afl 0" is stored in
NEVBI TS. In addl® i ofn addjtion, 42 issubf; @0%3‘& ippu rapug apd the result is agsigned 49 Be of
Ris greater than orso@klitQhe fafigd pro%IﬂEEraﬁia@P&Q@béQn"ﬂi"o Whéh stdd'eqils Syr0sed

i n NEVBI TS. For values of R greater than or equal to t2, Ris nodified to a
value of R - t2. the beginning of partition 152.

The flow chart for second partition 152 is shown in Figures 6B
and 6C. The method of encoding used in the second partition is dependent upon
15 STATE, which indicates the current running digital sum of the encoder. If
STATE is set to "T", indicating a running digital sum of 5, threshold value t0
is set to 375 and the encoder advances to decision box 188 where the value of
R is compared with t0. If the value stored in R is less than t0, STATE changes
to "M" and the variable NEWBITS is set to "00", indicating a path along the
20  trellis of Figure 5 that follows two downward diagonal arrows. As discussed
below, the value of NEWBITS is concatenated with the value of CODE to create
the first four bits of the codeword.
If R is greater than or equal to t0 (375) at decision box 188,
STATE remains at "T" and "01" is stored in the variable NEWBITS. In addition
25 t0 (375) is subtracted from the values stored in R and the result is placed in R.
The adjustment to R insures that R has values between 0 and 239 when STATE
is "T" at the beginning of third partition 154 .
If at the beginning of second partition 152, STATE has a value
of "B", threshold value t0 is set to 375 and threshold t1 is set to (375 + 286).



WO 97/ 06624

PCT/ US96/ 12680 -24- At the end of the second partition, regardl ess of which
state the encoder is in at the end of the second partition or what state it
was in at the beginning of the partition, the value in NEWBITS is

concat enat ed WQ97/0662¢ val ue in CODE to produce a 4-bit portiBeT/U$96L1LE80
codeword, which is stored in CODE. 5 Figures 6D and 6E are fl ow di agrans of
the third partition of the second enbodi nent of the present invention. I|f
STATE is "T" at the begi-nning of the third partition, threshold values tO
and t1 are set to 111 and (111 + 64) respectively. The value stored in Ris
t hen conpared against the two threshold 10 values. If Ris less than tO
(111), "00" is stored in NEWBITS and "M is ztored in STATE. If the val ue
in Ris greater than or equal to t0 but |ess $han t1 (111 + 64) "01" is

stored in NEWBITS agg T if stored i(g STA'FE“ hn addition, the value in R
is nodified to the VAF ¥&upPr R 15 compared, agamsh threshpld D and ifR dnleps thanstQ, 0.

I'f the val ue storedSTATE dhingts 3'FI* ah# 211 "G5 sRfM#h NEOWBETS, 11f R4E TS
15 s set to "10", STATE i%gset to "T" ané the value in thihgva Jtleteld to

R - tl1. If the encogkeater thapr gqual do tR(374), it scompared withghrssholdivaliie 110§37364,
threshold value tO i : t d‘hé{,{aﬂu tl:] 89 + 89)
as shown in assi gnn%%t)qﬁg;&%g‘g.%mﬁg%hglgz{'lgges I'n ’|ﬂlse Whéﬂg?fﬁ‘éﬁ;a A0F AT
remai ns at "B" &and "Bllard 118" sl starediin NEMBABS T $n additioth R s zhanged o Weivalugoeat er
than t0, but less 2 -t 1 STATE . RS By, mal0" 1S stored . in the
vari abl e NEWBI TS, agoatfl#]eﬁg%%@ &ntﬁ\ﬁglaréﬂ%d'?"l‘gg (%ﬁ)'RT-hlsteﬂ.smeftiﬁ% e¥dPte of
R is greater than taf R3%ilk b8%h, the hengenatetesn ¢ A PR whent BTATE kB S RAJE
equals "M'. 11 is siored in.NEVBI T Ris nmodified to R- tl. As shown
in Figure 6E, if ST&*I‘:’“?‘%E of e tpaftﬁ@naggi'nni ng of third 25 partition 154,
threshold values t0, t1 and tI?tHd’Galﬁ@beOisngater(tﬂ&nloﬁ‘ecg@toﬁﬂ@?ﬁ Mis%a@l +
111), respectively. For values of R less than tQ,_ STATE remains at "M and

"01" i's stored ¥n NAssEionboxA90, Bis aiusteskto g Vajus f Br- tn SRASFE regeins at B and  but
| ess than t1, STATE;QRRR@E301"Os stbred inINEWBSTStOred in NEWBITS. and the

value of Ris nodified to the value of R at the beginning of the third
partition minus WO 97/ 06624 STATE has a value of "M" at the beginning of second partition

PCT/ US96/ 12680 152, as shown in Figure 6C, threshold values 0, t1 and t2 are set to 375, (375
+ 286), and (375 + 286 + 375), respectively. The value of R is then compared

15  against the three threshold values with the outcome of the comparisons

determining the values to be set in the variables R, STATE, and NEWBITS. If

R is less than t0 (375), R and STATE retain theix" values and NEW BITS

receives a value of "01". If R is greater than t0, but less than t1 (375 + 286),

STATE changes to "B", NEWBITS receives a value of "00". and R is modified

20  to a value of R - t0 (375). The modification to R ensures that R will have a

value between 0 and 286 if STATE equals "B" at the beginning of third partition

154.
If the value in R is greater than or equal to t1 (375 + 286), the
value is compared with threshold value t2 (375 + 286 + 375). For values of R
25  that are less than t2, but greater than t1, the encoder’s RDS STATE remains in
state "M" and "10" is stored in NEWBITS. In addition, the value in R is
modified to R - t1. If the value of R is greater than or equal to t2, STATE
changes to "T" and "11" is stored in NEWBITS. For values of R greater than

or equal to t2, R is modified to a value of R - t2.



-25- t0. Wen the value of R at the beginning of the third partition is
greater than or equal to tl1 (111 + 64), but less than t2 (111 + 64 +111),
the encoder's STATE is "M, NEWBITS is set to "10", and the value of Ris
nodified to R- tl1. If the value of R at the beginning of the third
partition i s yveeewoss24t han t2, 5 t he encoder changes STATE POT/UBY6/12688\V\BI TS
Is set to "00", and Ris nodified to R- t2. At the end of the third
partition, the two bit value in NEWBITS is concatenated with the 4-bit
value in CODE to forma 6-bit value. The concatenation is such that the
2-bit value in NEVBITS is placed at the end of 10 the 4-bit val ue CODE.
The new 6-bit value is again stored in CODE. Figures 6F and 6G are flow
charts for fourth partition 156 with Figure 8f showing the partition
encodi ng for an encoder that enters the fourth partition with STATE equal

to "T" or "B" and Figure 6G s bk odi .

that enters the fourth partit?ggﬁﬁ?ﬁfg%;#?de ua togélggglésg)b&ﬂ%cﬁ%&‘g%E S
"T" at the begi nni ngneoder suntat theaend off the s&k®6¢ pattitios loo|whav stitecis wab imatithe 1
are set to 17 and (17.+.17 [ ctively. .T stored i I.S
sequential |y conpar &t %égﬁgﬁhegﬁﬁggﬁ&ed"%ll E@W’lﬁac?rfaﬁe tﬁ‘gﬁ’&fh&ﬁ%xes
193 and 194, respecii @ODE tolgroduse a Matilmoridn of the cddeserd, Rbith!id stored fin CADE. t he

encoder's STATE renmains at "T" and "01" is stored in NEWBITS. |If the val ue
of Ris greater 3t han or equal to t0O, but less than t1 (17 + 17). STATE

remains at "T", "10" is st or eFiguies bEIR 65 areiély dia@ravad of heOthirl phetitibR 6F fnle €d
to R- t0 (17). For values, of R tr%at are greater than tl. the encoder,
changes STATE to " Mecondgmbpdimentpf dhe prasenpippntion. MR AR is,/J" gé thstbeginning

modi fied to 25 © Rof el third fpaftitin el vaﬂés%?nahﬁafeog&mﬁ%gmpa %@g .

wi th STATE equal to "B",threshold values tO and t1 are set to 33 and
28), respectively. Faspeatiyelyesthefvaie storadrip Roisghendompared againstithe tyex threshold 156

that are |ess tfan Lgués’?‘?ﬁ'g;ig?esg%gg%légfég(ﬁﬁq?sﬁwﬁmﬁé B8 PEYELLE | S

set to "11". If the value
PCT/ US96/ 12680 - 26- irkSTATEr dfithervalunamRas gegtenthah or egyal ut) Hueless thamnl €111 (33

+ 28) , STATE remai ng  «i i NG KB rSrr3tina e iGhorea AETARE. HAdHick ol 1S
value in R is modified to the value of R at the beginning of the partition minus
t0. If the value stored in R is greater than or equal to tI (111 + 64) NEWBITS

15 is set to "10", STATE is set to "T" and the value in R is adjusted to R - t].
If the encoder is in state "B" at the beginning of partition 154,
threshold value t0 is set to 89 and threshold value t1 is set to (89 + 89) as shown
in assignment box 192. If the value in R is less than t0, STATE remains at "B"
and "01" is placed in NEWBITS. If the value in R is greater than t0, but less
20 than t1; STATE remains at "B", "10" is stored in the variable NEWBITS, and
the value in R is modified to R - t0. If the value of R is greater than t1 (89 +
89). the encoder changes states so that STATE equals “M"'. 11 is stored in
NEWBITS, and R is modified to R - t1.
As shown in Figure 6E, if STATE is "M" at the beginning of third
25  partition 154, threshold values t0, t]1 and t2 are set to 111, (111 + 64), and (111
+ 64 + 111), respectively. For values of R less than t0, STATE remains at "M"
and "01" is stored in NEWBITS. For values of R greater than or equal to t0, but
less than t1, STATE changes to "T", "11" is stored in NEWBITS. and the value
of R is modified to the value of R at the beginning of the third partition minus



R that are greater than t1, the encoder remains in STATE "B", NEWBITS is
set to "10", and the value of Ris set to R- tl1. 5 When t he
encoder enters fourth partition 156 with STATE equal to "M, threshold
values t0, t1 and t2 are set to 33, (33 + 28) and (33 + 28 + 33),
respectivel y. woagegaof R that are less than t0 (33) cause tReroReRH86 " S
STATE to remain at "M, and the binary value "01" to be stored in NEWBI TS.
For values of R greater than or equal to to, but less than t1 (33 + 28),
STATE 10 changes to "B", NEWBITS is set to "00", and the value of Ris
nodified to the value of R- t0. If the value of Ris greater than or equal
totl, but less than t2 (33 + 28 + 33), the encoder's STATE renmains at "M,
NEWBI TS is set to "10". and the value of Ris nodified to the value of R -
tl. If the value of Ris greater than t2, th&-encoder's STATE changes to
“T", ."11" is placed and the value of Ris nodified to the

0| 5 NEV\BIH)}%
value of R - t2. At hWhemtheqplve gluthe feggaping of e third partition ks greater than i n
NEWBI TS i s concat engt &flal & t]hglqn.d 645 M@qeé tﬁéri tz\/?![lﬁe'}- '6@ {Eﬁcolasr /

8- bi t- concat enati on t{; hen stored in ' artltldn
shown in Figures 6 rNﬁWBHszcﬁettode" apdthei elOfR:lsrmhﬁadabéU-to

the end of CODE dependj S enters fi
partition 158 and tﬁg cﬁ?gﬁlpé\légfluéet fbg?m‘ﬁ@ ?tﬂtg @ﬁf:de I“ghllsegf?? ﬂF
partition 158 wht h tByempodescphanges STATE. to RBT, NEWBES 3detaga()m'_sindlf)1s’o}ﬂ@h1ﬁéd

which are set to 4 ) + 4), respectively. If Ris less than t0, the
encaoder's STATE renmains at "T" and "01" is stored in NEWBITS. |If the val ue

of Ris 25 greater than or A&qhﬁaénctdfthﬁﬂuﬂdtﬁanimﬂkhﬁ@bh%ﬂ:einﬁswﬁh%
encoder's STATE al s.0 reérg %8 "1 éls set to "10", and the

value of R is nodi &G With the 47 ltR"*‘l“et 5‘ CPDE {0, forms a fi-bik vglueat Bhe t han
t1(4 + 4), the encmeataxaﬁapﬁ?é&uemmeﬁ 1-6it vhlue n{\ﬁﬂﬂ}ﬂﬁsr@gﬁby@a th@8na 84

t he val ue of F{1 han 451‘5 ﬁﬁbue of R- t1.
PCT/ US96/ 12680 1¢ CAPE eFheaieric§-bit valug is #gain stered in CODEand STATE
equals "B", thres h0| d Val ues Fighr@¥F dnll &5 GreSfidw khar? f01( &N@Moﬁﬁ%%h{’e' y-

For values of Rless than t0, STATE remains at "B" recei ves
"01". If the value %E“’RGIFsSth@attb? Putition encoding fbr %!bertcgderbhm ehtessthe Ifam}tl (9

+ 9), STATE al SO 5 pardfiiBite STAT quuapfét nNEYBRE Gl %151% 65%how? thed} pamtlon S

set to R- t0. For vaI ues
encoding for an encoder that enters the fourth partition with STATE equal to

15 IIM".

If STATE is "T" at the beginning of fourth partition 156,
threshold values t0 and t] are set to 17 and (17 + 17), respectively. The value
stored in R is sequentially compared against th:esﬂold values t0 and tl in
decision boxes 193 and 194, respectively. If the value of R is less than t0 (17),

20  the encoder’s STATE remains at "T" and "01" is stored in NEWBITS. If the
value of R is greater than or equal to t0, but less than t1 (17 + 17), STATE
remains at "T", "10" is stored in NEWBITS, and the value of R is modified to
R - 10 (17). For values of R that are greater than tl. the encoder changes
STATE to "M", "00" is stored in NEWBITS. and the value of R is modified to

25 R-tl.

If the encoder enters the fourth partition 156 with STATE equal
to "B",'threshold values t0 and t1 are set to 33 and (33 + 28), respectively. For
values of R at the beginning of fourth partition 156 that are less than t0 (33) the
encoder changes STATE to "M" and NEWBITS is set to "11". If the value of



of Rgreater than tl, the encoder changes STATE to "T", NEWBITS is set to
"11", and Ris set to R- tl1l. Figure 6l is a flow diagram for an encoder
that enters fifth partition 158 with STATE equal to "M'. In this state, tO
is set to 4, tl1is set to 10 (4 + 10) and t2 is set to (4 + 10 + 10). If
t he val ue of Woi930é6ess than t0 at the beginning of fifth parRCTUSN/12688,
STATE is set to "T", NEWBITS is set to "11", and R remai ns unchanged. If R
is greater than or equal to t0O, but less than t1l (4 + 10), the encoder's
STATE rermains at "M, NEWBITS receives "01 ". and the value of R is changed
to the value of R- t0. ‘For values of R greater than 15 or equal to t1,
but less than t2 (4 + 10 +10), the encoder STATE remains at "M, but
NEWBI TS is set to "10" and the value of Ris,set to R- tl1. If the value of
Ris greater than t2 at the begi nning of fif’?'partition 158, the encoder's

STATE changes to "B,,. NEVBI TS is set, .to." 00" nd f Is.set to
the value of R - t;l'ilﬁgreaer-{han or equil ‘°?°'&E‘9!‘1’%%3'éﬂa}Eﬁ%%ﬂﬁlﬁﬁmwaﬁon,
the 8-bit val ue st oYRY NBWBII¥isisét 16002 bmdithe @dludiit R it bt t6 RO D] ForPdibes of

stored in NEVBITS. This forns the first ten bits of the npst significant
bits of the eventuak {RJE FHSRIET than He the epgodes remainsdn, STALE: Fm HE Stingste

| ook-up of the sixt{y BartindiREOvale bR i$642 @] £fibodi ment of the present
invention. In the table look- 25 up portion, the nethod addresses one of

three tables wi fh the val ue i Whea thyigacadshenters fionrthi partitivar 186 vith $TATE lequatl ed
based on the val ue gfmgpl. e glnny i MEYN 5Q.,Jf the
encoder enters si xt% gr’@t%?@d %%Bes\?m@’t H%ﬁ&%g?%a%éf%?,oﬁg;ﬁ)taﬁg (fgﬁ’e? hzédi
addr esses t abl e - TOP33), wspedtivelys Values & Rithatemt lese than 30 (BHverusenthdmnenddt’s A

f th d 1 h i i TE I
PCT/ Usoe 12680 26 S EAEN® feifyel “Ednd B trp vl 161 g0 pd el s RE(mES,

val ue of R to sel ecForovatuesfoftRegreatebihtn enequabe t0)\netriedshitancyd (331ar283 S EATE

sixth partition,160 with STA} to "B"..ahabl.e. BOIT .S dressed
wth the val uo18r  reBeRdBr ELE SISt sk R S raloror R Bpdffed i
val Uﬁ hasbbeen Iret r vaieof Rr-q0) Mg@ﬁlué bﬁ‘Rtihgtgﬁte?tha?]bﬁbé\ﬁEtoStmpmllésB ﬂﬁﬂﬂzngi X
A, the 5-bit value | s concatenated to, the of t 1Q-_bi al ue store
in CODE to formt he(3@o"a§%36?’ %@"’S‘S%isté}\ﬁéﬁ%}’?”?ﬁrﬁﬁéﬁ\_’[i ’a\lﬁ%ﬁg‘sﬁm&S_ and
BOg TOM_g are order eghd theOhat® of Rfi€ nf¥sRedt @ HehviRE offR Chl.ellf Mevne bNRakI d
codewor ds.

greater than t2, the encoder’s STATE changes to "T", "11" is placed in

15 NEWBITS, and the value of R is modified to the value of R - t2.
At the end of the fourth partition, the two bit value in NEWBITS
is concatenated to the end of the 6-bit value in 'CODE. The new 8-bit

concatenation is then stored in CODE.
In fifth partition 158, as shown in Figures 6H and 61, another 2-bit
20  portion is concatenated to the end of CODE depending on the state in which the
encoder enters fifth partition 158 and the current value of R. If the encoder
enters fifth partition 158 with STATE equal to "T". R is compared against t0 and
t1 which are set to 4 and (4 + 4), respectively. If R is less than 10, the encoder’s
STATE remains at "T" and "01" is stored in NEWBITS. If the value of R is
25  greater than or equal to t0, but less than t1(4 + 4), the encoder’s STATE also
remains at "T", but NEWBITS is set to "10", and the value of R is modified to
the value of R - t0. For values of R greater than t1(4 + 4), the encoder’s
STATE changes to "M", NEWBITS receives "00" and the value of R changes
to the value of R - tl.



Specifically, table M DDLE FI VE gives preference to 5-bit values that begin
10 with 1 by placing these values at the beginning of the list and
associating themwith | ow values. Simlarly, table BOTTOM5 orders its |ist
so that 5-bit values beginning with 1 occur at the beginning of the list.
Thi s orderi ngyopmoa@asbi nati on with restricting access to thedraigeernesog of a
pat hway that woul d generate invalid codewords, elim-nates codewords that
woul d violate the six 15 consecutive sane synbol constraint. In addition,
tables TOP_5, M DDLE 5, and BOTTOM 5 are preferably inplenmented by directly
synthesizing themin sinple logic. In this inplenentation, the value of R
is applied directly to the sinple logic to create the 5-bit code portion.
20 Figure 7 is a block diagram of an encoder/decoder for use
in the second enbodi nent of the present invention. During encoding, control

unit.200 receives | NPUT VALU - DLt daaput | ne. At egi nni ng
of encoding, control 200 ref @%&?W%ﬁ U dI@ %a%m}og |8n@8r§%5€e&3fﬂl%h IS
al so a 12-bit |ine."BRetiwdsholdvaRe2t0i andith ptetset © 9,i(9 319) respesthelyd a6
second 25 thresh adder 2Q6, dthird, thre der 208, Control 200
al so pl aces val ues%gesﬁggﬂ 19 gﬁ"ﬁ@%saﬁﬁdhstaﬁﬁgﬁ%‘gg secelyps (H"arlé thenput
to threshol d decodevallibdof FOis gr@diter thia br bgifal 140, bEABsthin 2Q9 PHREFATENSso

current partitign of the epcoder n.state bus 212, control 200 places
the current state, 'fmags ab{nguby%ﬂﬁiﬁ\gﬁ%%g}_lo andpR 18 99t 3@ 82410 For values

PCT/ US96/ 12680 - 29-of RpRhe tikntte Chd @ndokitr HisBges SFATE kP EWBTHY [ @4 PUS
210 and state bus 212 trgo ener at e th?ee l'Ehregﬁ'ol d val ues’to\g?glfs %slsggTS and

t2 220, which are r'dteiapdR issetiorBt th.hreshol d adder 204, second threshol d
adder 206, and third threshol r;. 20 r tg \ l ues qQn.,,t0
e e SEOFE Sl 18 4

216, t1 218, and t2 220 5 correspon ues 0 ,
and t2 descri bed i rpartgiosr ¥58cwith STATE efthad wo EMar In this skite)ud Esssebid 4, ht tsusghtobJ,

with the threshgld | ugs i dj t rtd ti,on and.the state
of the encoder wDur(iX%g naélg | ng?‘baﬁf‘éa % E&Z?E,theg’?d’%ta(’f%fdes@éﬂw Qi n
the two's conpl enerbeginning offfifthhgertitioncdSB S TAVE lisiees oS CNEMRITS 1is $et gut1gs, 6A

through 6J. 10 . First threshol d adder 204 adgds,t |
L0 216 to i he val ud SR FeRRRihaiEss. T3t aerh B pr ot R bt Banflang o

first carry 224. Dyai+go), the encoder’s STATE remains at "M", NEWBITS receives "01". and
the value of R is changed to the value of R - t0. For values of R greater than
15 or equal to t1, but less than t2 (4 + 10 +10), the encoder STATE remains at
"M", but NEWBITS is set to "10" and the value of R is set to R - t1. If the
value of R is greater than t2 at the beginning of fifth partition 158, the encoder’s -
STATE changes to "B", NEWBITS is set to "00", and the value of R is set to
the value of R - 2.
20 At the end of the fifth partition, the 8-bit value stored in CODE
is concatenated with the two bit value stored in NEWBITS. This forms the first

ten bits of the most significant bits of the eventual code word.
Figure 6] is a flow diagram of the table look-up of the sixth
partition of the second embodiment of the present invention. In the table look-
25  up portion, the method addresses one of three tables with the value in R. The
table tHat is addressed is selected based on the value of STATE at the beginning
of sixth partition 160. If the encoder enters sixth partition 160 with STATE
equal to "T", the method addresses table TOP_5 which has four 5-bit entries as
shown in Appendix A. If the encoder enters sixth partition 160 with STATE



encoding, first rem nder 222 contains the difference between remai nder 202
and t0, the threshold that was conplinented to formt0 216. Carry 224

i ndi cat es whet her the addition perfornmed by first adder 204 resulted in a
negative nunber, 15 wth a "0" on carry 224 indicating that the val ue on
remai nder 202wio7kes3s than threshold t0, and a "1" on carry #vuseaiesat i ng
that the renmai nder was greater than or equal to t0. Threshol d adder 206
produces second renai nder 226 and second carry 228 in response to an
addition perforned between remai nder 202 and t1 20 218. During encodi ng,
second remai nder 226 contains the difference between rem nder 202 and the
threshold value, t1, that is conplinented to formtl 218. Second carry 228
has a value of "1" if remainder 202 is greatg than or equal to tl1. Third
t hreshol d adder 208 suns together the value ‘Oon renai nder 25 202 and t2

Chird r o nder 230 RAIBRES b HISREE 3 il AadiBolaudfil ine iR, B0R SPSEE Rl
the threshol d val ueofttem-titsentriesp| Whemthedntoalef entens tsBti? partitid 1 6® with [STATIS 2

i ndi cat t hat i nd ' | to.t2, if third
|222| ggnte Zi nsaa aeme%u%oéglzﬁégg%belalt(ﬁ\rd_g E%gdr%gseg %th the \9alue of lll to retr}eile ox(iea rry

PCT/ US96/ 12680 - 30-ofReens-Bid @alugd) 2Afidrial Sbit veiethad B6¢n réBRveSREMA e bEMHR LT
226, and third remai nder 23Q are input to nultiplexer 234, which recelves a

sel ect signal 238 fiaRas shewadr Appendix Agthe Sbitvalve is eagpatenateg tp thsend eSthe dPect
signal 238 in resDOdﬁ@alﬁ@stBﬁﬁhiH@OmtcPfonBitﬁéEodé%d>.’ 224, second carry 228,
2. 5 As s '

and third carry 232. own in Figures 6A through 6J, select logic
236 causes mul tipl exer 234 t dheStutvalpesiredidaableOAIDPLE N andBQETON_S are

remai nder 202 is le V, : 0-3&1;; |.S:4 Ndj cated by
a 0on first carry %gif_wg% g@? ?rg%?éél%gg %g%ge‘gﬂlﬁ%letll p etggpbag’&c?dg“ge ect
first rem nder 222 Sgecifically ahble MIDDIEHI V€ @ivel @Referenagyrto f-bit valhesnthar begiyiial
to t0, but |esg,than..t1, indi.cated a on f.irst rry 224 10. . and a O
on second carr30228v.mhl'3§ib|yc¥’q?’°é’hea ﬁ%fev%}l“f\%ﬁg‘f’gg%gé R:l6d 8@&6#%?@%57%‘@“%@7"1 s
]9_reater thanzgz1 equwdthlomgaluesbtﬁmizlszrgstmgd Bpoml/mgm d'nsﬁgndétzl?tzﬁdtbmulesl on
irst carry and second carry a on tAhi carry.. Lastly,
third remi nder 23CPRUATE BiPel S5 fie,Peskuing 08 th IS0l Hid oFdesiie. | i
greater than or equsmbimation withiestictife hdteisa ithel bépinmingl oD B phfhivad tigad ol 32.

generate invalid codewords, eliminates codewords that would violate the six

15 consecutive same symbol constraint.

In addition, tables TOP_5, MIDDLE 5, and BOTTOM_5 are
preferably implemented by directly synthesizing them in simple logic. In this
implementation, the value of R is applied directly to the simple logic to create
the 5-bit code portion. |

20 Figure 7 is a block diagram of an encoder/decoder for use in the
second embodiment of the present invention. During encoding. control unit 200
receives INPUT VALUES 40 on a 12-bit input line. At the beginning of
encoding, control 200 reflects INPUT VALUE 40 on remainder 202. which is
also a 12-bit line. Remainder 202 is input to first threshold adder 204, second

25  threshold adder 206, and third threshold adder 208. Control 200 also places
values on partition bus 210 and state bus 212, which are input to threshold
decode 214. On partition bus 210, control 200 places the current partition of the
encoder and on state bus 212, control 200 places the current state, T, M, or B,

of the encoder.



15 Mul ti pl exer 234 outputs the selected remainder to 12-bit
regi ster 240. Register 240 | oads the remainder to its output, which is tied
to remai nder 202. Select logic 236, in addition to producing sel ect 238,

al so produces NEWBI TS 242. Sel ect |ogic 236 produces NEVBI TS 242 in
response 20 WQ¥/6pk4 val ues on first carry 224, second carr JCPP8964A0t hi r d
carry 232, as well as the state of the encoder which select |ogic 236
receives fromits connection to state bus 212. Using the |ogic described in
the flow chart of Figures 6A through 6J, select |logic 236 produces two bits
on NEVWBI TS 242 for each of the first five partitions. NEWI TS 242 are
output to shift register 244 which has a 10-bit 25 out put 246. Wth each
partition, the existing values in shift regigter 244 are shifted two
positions and the 2-bit value on NEWBITS 24Z7is inserted into the vacated
positions. After five partithgnsy, ' Rgi C i: 10-Dbi t

val ue. The four |east signifi cantojg?%&Sﬁ?ﬁﬁﬁh%ééﬁ?ogpg%ﬂﬁ%gu Q{Olc))arédi npl e
| ogi ¢ bl ocks 248, 2X&0e bws21230 geveratththetiertbreshold vaipes ¢h216, tk 208 andtt2 PG v i n
WO 97/ 06624 . : S96/ 12680
"3 tabl es ToP_s, *F BSEEbY i rshelaeer 2041580 RephpId R A0 e it

lSpeci fically, si rrplthrebhlgd a?mmx,dﬁg;&cﬁvmemawuem? mzm;nmm{j andd3 o t h
ogi ¢ operations instea ressin menor catiqn and retrieving
a val ue from ne rﬁ“ﬁﬂ?f‘&é‘? %,ﬁ§g¥?§f@]‘?eg§?£o’ Bﬂgﬁg ‘%S?Ilb&ﬁd“ veferencede dheent

the 5 outconmes offigvalth@s ¥l Biphes %2 MKkoBAT EOMxEh tE@QHeﬁio‘fﬂ"vﬁluEQ%%&l ock

has a 5-bit output which is input to multiplexer 254. Miltiplexer as
its select input tid%gendingenthe partidomans thesiats of the encodere Dyring preoding <8 236.np e

| ogi ¢ bl ock out put s1t:g8 ot o & t ' V, te
bus 212. Specificall 2q 5%‘2‘?1 s%zgt eéﬁggﬁ%zm?%?gg?ggkt gttﬂ?[ﬁe&ll%gﬁﬁgsr@%ger '

ended the fifth parvalues dascribedsinglfiguresT6A thaobghi pl. exer 254 sel ects the 5-bit.

output fromsinpple |ogic 248 I 1 qu he,encoder
isin state " at the end 01J % ﬁe %ﬁf%d%%% %dlgg{r]l‘gv%riu%a??bq exerg%‘%l%eeqnect S
the five- bit out puembinden 22pptoduting i dirkt| remkin@d (222 280 @i firstechrry 224. t Rining
M DDLE 5. And when the.en er end he fifth rtitihon in state B
mul ti pl exer 254 paseélggdlf%ﬁ% cmmgg%[%z %ﬂmﬁheoﬁé?a?fﬁlb@&%ﬁ feénab’?%ﬁ %&Zgﬁl
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15 with a "0" on carry 224 indicating that the value on remainder 202 is less than

threshold 10, and a "1" on carry 224 indicating that the remainder was greater
than or equal to tO.
Threshold adder 206 produces second remainder 226 and second
carry 228 in response to an addition performed between remainder 202 and t1
20 218. lf)uring encoding, second.remainder 226 contains the difference between
reminder 202 and the threshold value, t1. that is complimented to form t1 218.
Second carry 228 has a value of "1" if remainder 202 is greater than or equal to
tl.
Third threshold adder 208 sums together the value on remainder
25 202 and 2 220 to produce third reminder 230 and third carry 232. During
encoding, third remainder 230 contains the difference between remainder 202 and
12, the threshold value that is complimented to form t2 220. Third carry 232
ihdicates that reminder 202 is greater than or equal to t2, if third carry 232

contains a 1.



Many of the encodi ng conponents shown in Figure 7 may be used to decode
codewords. To perform a decoding function, the 15-bit codeword is 20

di vi ded, separating the five least significant bits fromthe remaining
10-bits. The five least significant bits are input to sinple |ogic block
260. which us¥Q9¥06éd ¢ | ogi c. gates to directly inplenent taREUNCIGR of
Appendi x A. Sinmple logic block 260 only outputs decoded val ues that are
greater than or equal to 0, with values less than zero indicated in table
DECODE by a 1 in the nost significant 25 posi tion. The four | east
significant bits of a signed value of table DECCDE is output fromsinple
| ogi ¢ block 260 and is input to decoder adder 262. During decoding, the ten
nost significant bits in the codeword are imggut to shift register 264.
Shift register 264 outputs two consecutive bits in the 10-bit portion

during each of a set of cl ocRep@indecd2020 ekt féthdisteripy) s*e&ﬁ:drmﬁhmderz*ﬁ@ and
97/ 06624 CT/ US96/ 12680

-32- significant tWeirbremaingdes23haneinpusite multiplexpredid W@cgrwrfel\@amselpm:gnak s of
the 10-bit portion tey of 3%15 a

val ue of 0 on rerralzr:?g‘er&gesfg seo{égE gg?tlste%gﬁﬂ%ﬁd;g? to mffge P%h %“t% the
decoder is in the frésponse30 thepmimeswfé'mst&m 324, sewnd caTp28, 24 thind catrat232" M' .
Thi s causes thrgsho . Qut t he sa hr eshol al u

does for the f.f st “}?gﬁ“?%ﬁ‘g?‘é%%%%ﬁ‘i@‘éﬁ’nﬁ?ﬁcﬁ%@*(fﬁﬁ% m“?‘iP\f S§“a?‘.’ol t2
220 are the 2's complbfctrranamdﬁfzomﬂthe (/ﬁﬁeﬂomeibﬂiiﬂ&r 202ds (eEs]tﬂanfthégl?élute valuld) |
respectively, in th t|o of dec s are sunmed
with the val ue of 6@’ Of?‘P ttcg‘i"}é-éﬁ §6X§?H§?9ﬁé 6 canges
second threshol d adﬁiﬂﬁpla% 3nototda1e&1dﬁ§shfdﬁﬁﬁd&¢22dﬂﬂk\%%m{mf ¥ed v and
their output, first remaj nder 222, second remai nder 226, and third

remai nder 230 are iGRAAT 1haR o pauakiodl.cbut Jess thapdhdndicaied By, atlien ﬁtSbFaéT)\/%ﬂ“ue

received by sel@ct h@giccor’stodd &mysmf tTh'irﬂGbrﬁﬁlﬁdieragéis SRCRANF RARINASUFRS
mul tipl exer 234 to select one of the resulting 15  suns tocBass to

regi ster 240. Regi 3% greaterthan 9 aqysl tods butress tham%ewla@h istindigate bxadro@aﬁrstng a
new remai nder 202, i, chargy Ldisil BEnP998dnd @ 6*&5%{}ﬁ cgngaisées 85015 O Bl

with other partitions. This process continues throug e cyc es’unti aI I
10-bits in shift regmsméﬁr 2304s sedertedihyanultiplexer 284 faremhaindert26 is grogersthamerppi ng

g];) t hgospggggadl ng %ﬂ?aq tgsum o?ﬁ %shlﬁdl %%ag Ei&etthﬁ 8’5#12 |'V(ram|p;|r {): ﬁ(g:]s,ZBillé
i nput to 15 Multiplexer 234 outputs the selected remainder to 12-bit register
240. Register 240 loads the remainder to its output, which is tied to remainder
202,
Select logic 236, in addition to prdducing select 238, also
produces NEWBITS 242. Select logic 236 produces NEWBITS 242 in response
20  to the values on first carry 224, second carry 228 and third carry 232, as well as
the state of the encoder which select logic 236 receives from its connection to
state bus 212. Using the logic described in the flow chart of Figures 6A through
6J, select logic 236 produces two bits on NEWBITS 242 for each of the first five
partitions. NEWBITS 242 are output to shift register 244 which has a 10-bit
25  output 246. With each partition, the existing values in shift register 244 are
shifted two positions and the 2-bit value on NEWBITS 242 is inserted into the
vacated positions. After five partitions, shift register 244 contains a 10-bit value.
The four least significant bits of remainder 202 are input to simple

logic blocks 248, 250 and 252 which directly implement the outcome shown in



conpliment |ogic 268 which converts the 2's conplinment sumto a positive
recursive sum Decoder adder 262 adds the recursive sum from conpli nment
logic 268 with the value fromsinple logic block 260-to create OQUTPUT
VALUES 25 50. Those skilled in the art will recognize that the recursive
nature of the We@eHWa24enbodi nent of the present invention hel peTwssimesot he
nunmber of conponents needed to inplenent the codi ng nethod described in

Fi gures 6A through 6J. WO 97/ 06624 _ _
PCT/ US96/ 12680 -33- Al though the present invention has been described with
reference to preferred enbodi ments, workers skilled in the art will
recogni ze that changes nmay be nade in formand detail w thout departing
fromthe spirit and scope of the invention. ., WO 97/06624

PCT/ US96/ 12680 - 34- APPENDI X A STARTTOP ADDRI%S ST,S\RT 0L 000001 ADDRESS
START 5 000000 010111 .
00110121 002001 “bles PORRNDRLE b B BoTTOM, 5 FehecdiVeny. g Abepaix 4.
01100111 000011 Speaifically. simple logioddck 248 implentkhtsQhé ditcORESLOOTOP 5 with

) . 1001111 001101

OOLHE 10 55190 o gl AR ey 4 1 e

01011011 001111 value fmgﬁﬁmiﬂ{o fSirAﬂB?Egigl pie BEiN%l'oc:ch (s) %%%ﬁdlzsg 10%0 1 the
010Q00 ; )

g{ﬁ‘ﬂ Oéi 011001 Outcomes ql_f%til@i%'%iDDLg_} and BOTTOM_5. Each simple logic block has

a 5-bit output which is input to multiplexer 254.

*

Multiplexer 254 has its select input tied to state bus 212 and
selects one of the three simple logic block outputs to pass to its output depending
on the value on state bus 212. Specifically, when state bus 212 indicates that the

10 encoder ended the fifth partition in state "T", multiplexer 254 selects the 5-bit
output from simple logic 248 associated with table TOP_5. When the encoder
is in state "M" at the end of the fifth partition, multiplexer 254 selects the five-
bit output from simple logic block 250 associated with table MIDDLE_5. And
when the encoder ends the fifth partition in state "B", multiplexer 254 passes the

15 5-bit output of simple logic block 252 associated with table BOTTOM_5.

The five bit output of muitiplexer 254 is combined with the 10-bit
output 246 to form a 15-bit codeword which is eventually output to the channel.

Many of the encoding comporients shown in F igure 7 may be used
to decode codewords. To perform a decoding function, the 15-bit codeword is

20  divided, separating the five least significant bits from the remaining 10-bits. The
five least significant bits are input to simple logic block 260, which uses simple
logic gates to directly implement table DECODE of Appendix A. Simple logic
block 260 only outputs decoded values that are greater than or equal to 0. with
values less than zero indicated in table DECODE by a 1 in the most significant

25  position. The four least significant bits of a signed value of table DECODE is
output from simple logic block 260 and is input to decoder adder 262.

During decoding, the ten most significant bits in the codeword are
input to shift register 264. Shift register 264 outputs two consecutive bits in the

10-bit portion during each of a set of clock periods beginning with the most



010010 01111010 011010 10101101 010011 10001111

011011 10101110 010100 10010111 011100 10110011 20
010101 10011011 011101 10110101 010110 10011101
011110 10110110 010111 10011110 011111 10111001
ADDRESS  STARNO 97/06624 ADDRESS  START 25 100000 - PO AUbd6)ikeso
101000 11011001 100001 11000111 101001 11011010
100010 11001011 100011 11001101 100100 11001110 30

100101 11010011 100110 11010101 100111 11010110 35 40

WO 97/ 06624

PCT/ US96/ 12680 -35- TOPEND ADDRESS END ADDRESS END 0000
1001000 1000 . 0011000 0001 371000100 1001

0010100 5 0010 1000010 1010 % 0010010 0011

1000001 1011 .. . 10001 0100, . 101000 1100

0001100 0101 S‘BT&BT’%S"’Q%“S a&‘iﬁ&dmg with the g&'ﬁ fighicantityo bits of the HA-b010
1110 0001001pdrfion. 0111 0100001 1111 0000110
STARTBOTTOM ADDRESS ~ START  ADPRESS _START 15 000000 00010101
001000 00101010 000001 4t the beginming)ef decoding)wentmal 200 places Hoaiod 600 on
000010 0001100¢emaindeP 364 Gets partition Bl 31P{dlindicate that the decoder is in the first

5  partition and sets state bus 212 to state "M". This causes threshold decode 214
to output the same threshold values it does for the first partition during encoding.
Thus, 10 216, t1 218, and 12 220 are the 2’s compliments of 614, (614 + 1275)
and (614 + 1275 + 1275), respectively, in the first partition of decoding. These
values are summed with the value of 0 on remainder 202 by first .threshold adder
10 204, second threshold adder 206 and third threshold adder 208, respectively, and
their output, first remainder 222, second remainder 226, and third remainder 230
are input to multiplexer 234.
Depending on the 2-bit value received by select logic 236 from
shift register 264, select 238 causes multiplexer 234 to select one of the resulting
15 sums to pass to register 240. Register 240 then places this value at its output
creating a new remainder 202, which may then be added to threshold values
associated with other partitions. This process continues through five cycles until
all 10-bits in shift register 264 have been used to pel"form the inverse mapping
of the encoder. At the end of five cycles. the output of multiplexer 234,
20  corresponding to a sum of the thresholds through five partitions, is input to
compliment logic 268 which converts the 2’s compliment sum to a positive
recursive sum.
Decoder adder 262 adds the recursive sum from compliment logic
268 with the value from simple logic block 260 to create OUTPUT VALUES
25 50,
Those skilled in the art will recognize that the recursive nature of
-the second embodiment of the present invention helps reduce the number of
components needed to implement the coding method described in Figures 6A
through 6J.
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00110101 000010 STARTOBOPPOM 001010 00110110 000011
00011110 001011 00111001 000100 00100111 001100
00111010 000101  ADDREBRIONIART 0011@bpREss QAWK 00
15 000000 00010101 001000 00101010
000001 00010110 001001 00101100
000010 00011001 001010 00110001
000011 00011010 001011 00110010
000100 00011100 001100 00110100
20 000101 00100101 001101 00111000
000110 00100110 001110 01000101
000111 00101001 001111 01000110
ADDRESS START ADDRESS START
25 010000 01001001 011000 01100010
010001 01001010 011001 01100100
010010 01001100 011010 01101000
010011 01010001 011011 01110000
010100 01010010 011100 10000101
30 010101 01010100 011101 10000110
010110 01011000 011110 10001001
010111 01100001 011111 10001010
ADDRESS START ADDRESS START
35 100000 10001100 101000 10101000
100001 10010001 101001 10110000
100010 10010010 101010 11000001
100011 10010100 101011 11000010
100100 10011000 101100 11000100
40 100101 10100001 101101 11001000
100110 10100010 101110 11010000

100111 10100100



10 000110 00101101 001110 01000111 000111 00101110

001111 01001011 ADDRESS START ADDRESS  START 010000
01001101 011000 01100011 15 010001 01001110 011001
01100101 010010 01010011 011010 01100110 010011
01010101 0 MO Y6624 01101001 010100 01010110 0 PLFAR96/12680
01101010 010101 01011001 011101 01101100 20 010110
01011010 011110 01110001 010111 01011100 011111
01110010 ADDRESS START ADDRESS  START 100000 01110100
101000 10010110 25 100001 00010111 101001
10011001 100010 10000111 101010 10011010 100011
10001011 101011 10011100 100100 10001101 101100
10100011 100101 10001110 101101 -36-10100101 30 100110
10010011 101110 10100110 100111 10010101 101111
10101001 ADDRESS é*lﬁﬁONLgNglJ% ADDRESS  START 110000 10101010
111000 11000110 35 110001 10101100 111001 11001001
110010 101100@¥DDRESS 1 oEND 1ADDRESS 1 EDD 1 10110010
111011 110011908 10100 0101011 101119000 19111000 11010001 110101
00011011 1111%1 0001 110100000040 10010110 10010111000011 111110
11010100 110111 0012100010010111Q 111 11010 000a11001 WD 97/ 06624
PCT/ US96/ 12680 - 39- 0GNIR END ADIORESS 1011END 1001110 ADDRESS END 00000
0001011 01000 0100 000110001 1100 1010011
0101 0110110 1101 1010101
10 0110 0111001 1110 1010110

0111 0111010 1 1011001
BOTTOM_END _8

15 ADDRESS END

000 1011010
001 1011100
010 1100011
011 1100101
20 100 1100110
101 1101001
110 1101010
111 1101100

25 BOTTOM_END 4

ADDRESS END

00 1110001
01 1110010
30 10 1110100
1 1111000

35

40



5 00001 0001101 01001 0100011 00010 0001110

01010 0100101 00011 0010011 01011 0100110 00100
0010101 01100 0101001 00101 0010110 01101
0101010 10 00110 0011001 01110 0101100 00111
0011010 WO 96624 0110001 ADDRESS END PCEHOSUgESS0 END
10000 0110010 11000 1001100 15 10001 0110100
11001 1010001 10010 0111000 11010 1010010 10011
1000011 11011 1010100 10100 1000101 11100
1011000 10101 1000110 11101 1100001 20 10110
1001001 11110 1100010 10111 1001010 11111
1100100 REPLACE 25 ADDRESS CODEWORD 3 ADDRESS
CODEVORD 0000 110100011101000 -37- 1010
000141110010010 0 110100101101000 0010 110101001101000
30 0100 R ENTR 01000 0101 000111110100100 0110 |
000111110100010 10 0011000 10 000111110010100
35 DEC TOP_START RESS QquB&bﬂ X ADDRES&‘ES&OPW
REPLACEMENT 000000 0L QR0 HHHIN 1 01111 001000 001190111101000
0 5 o801 40  1011108G132001 001001 1 001101011101000 0
000001 00111011 00010 110110001101000 00010 00110110110@0010
00111101 000011 000111101101000 o 001011 0@ido0aI110M001110
1 000300 001001111100089100 001100 001110101101000
000101 001010111101000 001101 001111001101000
10° 000110 001011011101000 001110 010001111101000
000111 001011101101000 001111 010010111101000
ADDRESS CODEWORD DDRESS CODEWORD
010000 010011011101000 011000 011000111101000
15 010001 010011101101000 011001 011001011101000
010010 010100111101000 011010 011001101101000
010011 010101011101000 011011 011010011101000
010100 010101101101000 011100 011010101101000
010101 010110011101000 011101 011011001101000
20 010110 010110101101000 011110 011100011101000
010111 010111001101000 011111 011100101101000
ADDRESS CODEWORD ADDRESS CODEWORD
100000 011101001101000 101000 100101101101000
25 100001 000101111101000 101001 100110011101000
100010 100001111101000 101010~ 100110101101000
100011 100010111101000 101011 100111001101000
100100 100011011101000 101100 101000111101000
100101 100011101101000 101101 101001011101000
30 100110 100100111101000 101110 101001101101000
100111~ 100101011101000 . 101111 101010011101000
ADDRESS CODEWORD ADDRESS CODEWORD
110000 101010101101000 111000 110001011101000
35 110001  101011001101000 111001 110010011101000
110010 101100011101000 111010 110010101101000
110011 101100101101000 111011 110011001101000
110100 101101001101000
110101 000110111101000
40 110110 110000111101000

110111 110001101101000



WD 97/ 06624

PCT/ US96/ 12680 -40- TOP | NDEX ADDRESS | NTOPSTART
REPL ACEVENT START TOP 01001111 1 0
000101 01010111 1 0 000110
01011011 WO 97/06624 0 0001 IPCTasOd 2661
1 0 - 001000 5 01011110 1
0 001001 01100111 1 0
001010 01101011 1 0 001011
01101101 1 0 001100 01101110
1 0 001101 10 01110011 1
0 001110 01110101 Lag 0
001111 01110110 1 0 010000
01111001 0 010001 01111010
1 %EARJLCNTR . 010010 15 10001111 1
0 0100 10 0
010100 10011011 gﬁibﬁﬁﬁ% 12ﬁ§ﬂ§£ éﬂﬂl&éﬁﬁc)§léﬂl 010101
10011110 0@000 01111000 0@1000 00110011 010110 10100111
1 5  @pooo1 1011100001 09910030 001101101011 1
0 0110009010101104011000  00101§ 00110110 0
011001 10101110 000011 1 00011110 001011 0 00111001 011010
10110011 000100 00100111 001100 00111010 011011 10110101
1 @0101 001010110110000025  00111B010110 1
0 101110001101110@D161101 001110 01000111 0
011110 10111010 000111 100101310 001111 O 01001011 011111
11000111 1 | 0 100000 11001011
1 ADDRESS START 100QMDRESS START001101 1
0 1000100001001 101001101 0110001 01100011 0
100011 15 010001 01001110 011001 01100101
010010 01010011 011010 01100110
010011 01010101 011011 01101001
010100 - 01010110 011100 01101010
010101 01011001 011101 01101100
20 010110 01011010 011110 01110001
010111 01011100 011111 01110010
ADDRESS START ADDRESS START
100000 01110100 101000 . 10010110
- 25 100001 00010111 101001 10011001
100010 10000111 101010 10011010
100011 10001011 101011 10011100
100100 10001101 101100 10100011
100101 10001110 101101 10100101
30 100110 10010011 101110 10100110
100111 10010101 101111 106101001
ADDRESS START ADDRESS START
110000 10101010 111000 11000110
35 110001 10101100 111001 11001001
110010 10110001 111010 11001010
110011 10110010 111011 11001100
110100 10110100 111100 11010001
110101 00011011 111101 11010010
40 110110 11000011 111110 11010100

110111 11000101 111111 00011101



11010011 1 0 100100 11010101

1 0 100101 11010110 1
0 100110 35 11011001 . 1 01000 0
11 11011010 1
38811111 WO 97/06624 1 10100 kcHiekoitheko
0 0 000000 40 WO 97/ 06624
PCT/ US96/ 12680 -41- DEC TOP END 6TH BI T | NDEX ADDRESS | NTOPEND
REPL - ENDTOP 1001000 1 0
000000 5 1000100 - 1 0 000001
1000010 1 0 000010 1000001 1
0 000011 0101000 . 1 800101 "
1
82838200100100 &NTR EN 0 000110 0100001 1
0 000111 YoBR L000 1
001000 0010100 ADDRESE ; 15 ADDRESS, . B 001001 0010010
1 00p0 Eé%%ﬁ 0100 0011100 ¢
0 500 00011
001100 0001010 011 1001 0100011 001101 0001001
1 00010 og%ﬂf?o 00@1@3_90 0100101 1 0
001111 20 DEF% 011 01011 @®100110 000000 DEC
M DSTART M D_ 0 ND@RlOlRE)DREs,@Wﬂl N_M O18H0aRT REPL ACEMVENT
START M D 25 cpp !Looo 0010110 Q1101 0101010 0
000000 10 0011001 01110 0101100
00111 0011010 01111 0110001
ADDRESS END ADDRESS END
10000 0110010 11000 1001100
15 10001 0110100 11001 1010001
10010 0111000 11010 1010010
10011 1000011 11011 1010100
10100 1000101 11100 1011000
10101 1000110 11101 1100001
20 10110 1001001 11110 1100010
10111 1001010 11111 1100100
REPLACE
25
ADDRESS CODEWORD ADDRESS CODEWORD
0000 110100011101000 1010 000111110010010
0001 110100101101000
0010 110101001101000
30 0100 000111110101000
0101 000111110100100
0110 000111110100010
1000 000111110011000
1001 000111110010100
35 =
DEC_TOP_START
TOP_ INDEX_
ADDRESS  IN_TOP_START  REPLACEMENT  START TOP
00101111 1 0 000000
40 00110111 1 0 000001
00111011 1 0 000010
00111101 1 0 000011
00111110 1 0 000100



10111000 1 0 000001 11011000
1 0 000010 00011110 1
0 000011 00100111 1 0
000100- 30 00101011 1 0
000101 0010118M0 97/06624 1 0 @CT/USIH/BERD01110
1 - 0 000111 00110011 1
0 001000 00110101 1 0
001001 35 00110110 1 0 001010
00110011 1 0 001011 00111010
1 0 001100 00111100 1
0 001101 01000111 1 0
001110 40 01001011 1 -40- 0 001111
01001101 1 0 010000 01GO4110
1 0 0 o) 8@% 4 _
PCT/ US96/ 12680 - 42- MAPDRESS IN-%%L%&RI ADB%égé N1 D BFARF_TOP
REPL ACENENT START ME%1b10011 1 1 0 600101
010010 01010101 01010111 1 0 0 010@p110
01010110 1 01011011 10 0 010100 010002001
1 o0 01011101 010101 5 01081010 001000 1
0 040110 OM¥11KDO 1 1 0 0 001001
010111 01100011 01100111 1 0 0 01001000
01100101 1 01101011 10 0 011001 01061@110
1 0 01101101 011010 10 01X01001 001100 1
0 011011 OMDA1DLO 1 1 0 0 001101
011100 0110110010 0111001 1 0 0 01641010
01110001 1 01110101 10 0 011110  go1111
01110110 1 0 010000
01111001 1 0 010001
01111010 1 0 010010
15 10001111 1 0 010011
10010111 1 0 010100
10011011 1 0 010101
10011110 1 0 010110
10100111 1 0 010111
20 10101011 1 0 011000
10101101 1 0 011001
10101110 1 0 011010
10110011 1 0 011011
10110101 1 0 011100
25 10110110 1 0 011101
: 10111001 1 0 011110
10111010 1 0 011111
11000111 1 0 100000
11001011 1 0 100001
30 11001101 1 0 100010
11001110 1 0 100011
11010011 ] 0 100100
11010101 1 0 100101
11010110 1 0 100110
35 11011001 I 0 100111
11011010 1 0 101000
00011111 1 ] 101001
DEFAULT 0 0 000000

40



01001110

101110010 1 0 011111 15
01110100 1 0 100000 00010111
1 0 100001 10000111 1
0o - 100010 10001011 - 1 0
100011 10001180 97/06624 1 0 PCTOSP6 (2680
10001110 1 0 100101 10010011
1 0 100110 10010101 1
0 100111 10010110 1 0
101000 10011001 1 0 101001 25
10011010 1 0 101010 10011100
1 0 101011 10100011 1
0 101100 10100101 1-41- 0 '
101101 10100110 1 0 101110 30
10101001 @C TOP_END 101111 10101010
1 o THLBIBo INDEX_

o . 1100@@@8&&%00@ TOP END 1 _REPL END_TOP
110010 10110010 0 110011 35
10110100 11001000 1 0 0 1100000000011011
1 5 0 1000100 110101 11000011 000001
0 1101100000000101 1 1 0 000000
110111 11000110 1000001 1 ] 000011L1000 40
11001001 10101000 1 0 0 11108)b10¢.001010
1 0 0100100 111010 00 97/ 06624 000101
PCT/ US96/ 12680 1§43- MoRD0010 1 | NDEX_ ARDRESS | NNOGDBTART
REPL ACEMENT STARTMpogob@01100 1 1g 000111 O
111011 11010001 00110001 1 11 001006.11100

0010100 i 1 001001

0010010 1 1 001010

15 0010001 1 0 001011

0001100 1 0 001100

0001010 1 0 001101

0001001 1 0 001110

0000110 1 0 001111

20 DEFAULT 0 0 000000

DEC_MID_START
MID_ INDEX_
ADDRESS IN_MID_START REPLACEMENT  START_MID

25 01111000 1 0 000000
10111000 1 0 000001
11011000 1 0 000010
00011110 1 0 000011
00100111 1 0 000100-
30 00101011 1 0 000101
00101101 1 0 000110
00101110 1 0 000111
00110011 1 0 001000
00110101 1 0 001001
35 00110110 1 0 001010
00110011 1 0 001011
00111010 ] 0 001100
00111100 1 0 001101
01000111 1 0 001110
40 01001011 ] 0 001111
01001101 1 0 010000
1 0 010001



11010010 1 1 111101 11010100 -

1 1 111110 5 00011101 1
0 111111 DEFAULT 0 0
000000 DECM DEND 10 NOT_ M D_
| NDEX_ ADDRE®® 97/06624M D END 2ND ~ END M DPODUST12680
1 0 000000 0001101 1 0
000001 0001110 1 0 000010 15
0010011 1 0 000011 0010101 1
0 000100 0010110 1 0 000101
0011001 1 : 0 000110 0011010 1
0 000111 20 0011100 - 1 0
001000 0100011 1 0 001001 0100101
1 0 001010 0100110 MID 1 DEX O
001011 0101001 ADDRI]ESS IN_MID_STAR? REPLACEMEmilOOS?&RT _MID
0101010 011 0] 061501 0101100 o106
0 001110 0@1 g 1 0 010011 001111
0110010 010110 0, 010(300 0110100 49100 1
0 010001 38)}011 o1 0111000, 1
010010 1000011 0101131 0 o 010011 1 ﬁbl
1 D 010100 1000110 1 0
01011100 0 10111
010101 1001001 0“003“ L0 010110 3HNI1
1001010 1 0 01o£11 1001100 1
0 011000 &Hgggﬁl I 0 011001 51 101
1010010 1 OI00110 o ! 011§10 1010100 011010 1
0 321011 Q01001 1977100b 1 011911
011100 1100001 01101410 I o 0 011101 011100
01101100 i 0 011101
01110001 ] 0. 011110
01110010 1 0 011111
15 01110100 1 0 100000
00010111 1 0 100001
10000111 1 0 100010
10001011 1 0 100011
10001101 1 0 100100
20 10001110 1 0 100101
10010011 1 0 100110
10010101 1 0 100111
10010110 1 0 101000
10011001 1 0 101001
25 10011010 1 0 101010
10011100 ] 0 101011
10100011 1 0 101100
10100101 i 0 101101
10100110 1 0 101110
30 10101001 ] 0 101111
10101010 1 0 110000
10101100 1 0 110001
10110001 1 0 110010
10120010 1 0 110011
35 10110100 1 0 110100
00011011 1 0 110101
11000011 1 0 110110
11000101 1 0 110111
11000110 1 0 111000
40 11001001 1 0 111001
11001010 i 0 111010



WD 97/ 06624

PCT/ US96/ 12680 -44- NOT_MD_ | NDEX ADDRESS IN.M D _END
2ND END M D 1100010 1 0 011110
1100100 1 0 011111 1101000 1
1 WU W24 DEFAULT 0 0 PCT/US96/124300000 5
10 DEC BOT START | NDEX ADDRESS | N_BOT_START START_BOT
00010101 1 000000 00010110 1
000001 15 00011001 1 000010 00011010
1 000011 00011100 1 000100
00100101 1 000101 00100110 1
000110 20 00101001 1 3. 000111 00101010
1 001000 00101100 1 001001
00116001 1 001010 EA10010 B 1
201011 25 001 3501d%b&89LszRT REPLACEMENT 00§é§§kjwﬁ%éggglo
01000110 001 i 001111 0?001001 111011 4
010000 30 0100 1 0100bh116@001100
1 %5’010100011 11 111101 010011
01010010 0 ' 010100 01010100 111110 1
DEFAULT 0 0 000000
DEC_MID_END
10 NOT_MID_ INDEX _
ADDRESS  IN_MID_END 2ND END_MID
0001011 1 0 000000
0001101 1 0 000001
0001110 1 0 000010
15 0010011 1 0 000011
0010101 1 ) 000100
0010110 1 0 000101
- 0011001 1 0 000110
0011010 1 0 000111
20 0011100 1 0 001000
0100011 1 0 001001
0100101 1 0 001010
0100110 1 0 001011
0101001 1 0 001100
25 0101010 1 0 001101
0101100 1 0 001110
0110001 1 0 001111
0110010 ] 0 010000
0110100 ] 0 010001
30 0111000 ] 0 010010
1000011 1 0 010011
1000101 1 0 010100
1000110 1 0 010101
1001001 ] 0 010110
35 1001010 1 0 010111
1001100 1 0 011000
1010001 1 0 011001
1010010 1 0 011010
1010100 1 0 011011
40 1011000 1 0 011100
1100001 ] 0 011101



35 01011000 1 010110 01100001

1 010111 01100010 1 011000
01100100 1 : 011001 01101000 1
011010 40 01110000 1 011011 10000101

1 WO 97/6662141 100 WD 97/ 06624 PCT/US96/12680
PCT/ US96/ 12680 - 45- | NDEX_ ADDRESS | NBOTSTART START_BOT
10000110 1 011101 10001001 1
011110 10001010 1 011111 10001100

1 100000 5 10010001 1

100001 10010010 1 : 100010 10010100

1 100011 10011000 1 100100
10100001 1 100181 10 10100010

1 100110 10100100 10?5ﬁ§£?6&1000 INDEX_ 120111
10101000

101001 11000001 ‘J‘DDRESS IN_MID_END 0101010 T3y Il‘l’gD 11000010
1 10}#@3‘]]0011000100 0l o111 101100
11001000 1101000 . 101101, 11010000 11]

101110 DEFAULT 0 000000 H80MOCBOTEND
BOTTOM_ BOTTOM DEFAULT| \pex_ AbDRESS | NEOTEND 000000 | ST

2ND END M D

10 DEC_BOT_START

INDEX_
ADDRESS  IN_BOT_START START BOT
00010101 1 000000
00010110 1 000001
15 00011001 1 000010
00011010 1 000011
00011100 1 000100
00100101 1 000101
00100110 1 000110
20 00101001 1 000111
00101010 1 001000
00101100 1 001001
00110001 1 001010
00110010 1 001011
25 00110100 1 001100
00111000 1 001101
01000101 1 001110
01000110 1 001111
01001001 1 010000
30 01001010 1 010001
01001100 1 010010
01010001 1 010011
01010010 1 010100
01010100 1 010101
35 01011000 1 010110
01100001 1 010111
01100010 1 011000
01100100 1 011001
01101000 1 011010
40 01110000 1 011011
10000101 1 011100



0101011 1 1 0 000000 25

0101101 1 1 0 000001 0101110
1 1 0 000010 0110011 1

1 o) 000011 0110101 1 1

000100 011010 97/06624 1 1 0 PCTARSG 285030
0111001 1 . 1 0 000110 0111010
1 1 0 000111 0111100 1

1 0 001000 1001011 1 1

001001 1001101 1 1 0 001010 35
1001110 1 1 0 001011 1010011

1 1 0 001100451010101 1

1 0 001101 1010110

001110 1011001 INDE 28%%%3040
1011010 ADDRE ¥N_BoT %%%Bl E’%ﬁoo
PCT/U896/12680 _46- B BOTTQM ESS

2ND

I N BOT END 1ST END_ M D¢
o IO““B&@Olo 1100#01
o1

11 11{38851) 0 100000 1
300100 1101001Ofp % A 0 1100001 000101 5
1101010 10010010 1 1 1000000110 1101100
1 0 10010100 1 000111 11100000011 1
0 0 10011008hp00 1110010 1 100100 0
0 000001 11%89@%’ 1 0 100101 0
000010 10 10 111104400010 1 1 0 100110 0O
000011 DEFAULT 10100109 1 0 100111 000000
TP 5 10101000 1 101000
- 10110000 1 101001
11000001 1 101010
15 11000010 1 101011
11000100 1 101100
11001000 1 101101
11010000 1 101110
DEFAULT 0 000000
20
DEC_BOT_END
BOTTOM_ BOTTOM_ INDEX_
ADDRESS IN_BOT END 1ST 2ND END_MID
0101011 1 1 0 000000
25 0101101 1 1 0 000001
0101110 1 1 0 000010
0110011 1 ] 0 000011
0110101 1 1 0 000100
0110110 1 1 0 000101
30 0111001 1 1 0 000110
0111010 1 i 0 000111
0111100 i 1 0 001000
1001011 i 1 0 001001
1001101 1 1 0 001010
35 1001110 1 1 0 001011
1010011 1 1 0 001100
1010101 1 1 0 001101
1010110 1 1 0 001110
1011001 1 1 0 001111
40 1011010 1 0 1 000000
1011100 1 0 1 000001



15 ADDRESS  LAST FI VE BITS 00 01000 01 00100 10

00010 11 00001 20 M DDLE 5 ADDRESS LAST FIVE BI TS 0000
11000 25 0001 10100 0010 10010 0011 10001 0100
01100 0101 01010 30 0110 01001 0111 00110 1000
00101 1001 WO970660011 35 40 WD 97/ 06624 PCT/US96/12680
PCT/ US96/ 12680 - 47- BOTTOM 5 ADDRESS LAST FI VE BI TS 0000 11100 5
0001 11010 0010 11001 0011 10110 0100 10101
0101 10011 10 0110 01110 0111 01101 1000
01011 15 |
-46-
‘ BOTTOM_ BOTTOM_  INDEX_
ADDRESS IN_BOT END 1ST 2ND END_MID
1100011 1 0 1 000010
1100101 1 0 1 000011
1100110 1 0 1 000100
1101001 1 0 1 000101
5 1101010 1 0 1 000110
1101100 1 0 1 000111
1110001 1 0 0 000000
1110010 1 0 0 000001
1110100 1 0 0 000010
10 1111000 1 0 0 000011
DEFAULT 0 0 0 000000
TOP_5
15 ADDRESS LAST FIVE BITS
00 01000
01 00100
10 00010
11 00001
20
MIDDLE_5
ADDRESS LAST FIVE BITS
0000 11000
25 0001 10100
0010 10010
0011 10001
0100 01100
0101 01010
30 0110 . 01001
0111 00110
1000 00101
1001 00011
35

40



DECODE ADDRESS S| GNED VALUE ADDRESS SI GNED VALUE 00000

10001 10000 10001 20 00001 00011
10001 00011 00010 00010 10010

00010 00011 01001 10011 00101 00100
00001 WO 97/06624 10100 00001 00101 8CDUB896/12680
10101 00100 25 00110 . 00111 10110
00011 00111 10001 10111 10001 01000
00000 11000 00000 01001 : 00110

11001 ' 00010 01010 00101 11010

00001 30 01011 01000 11011 10001
01100 00100 _ 1110 00000 01101

00111 11101 10001701110 00110

11110 10001 %&M 5 10001 11111

10001 35 48 CLAI =" A nethod of encoding an input value as an
encoded val ue, the Eséagg cogggﬁztﬂﬂigﬁifessing at | east two preset val ues
by applying at |ea al romthe input value to at |east
two accessing mean$00Pespect ilﬂqgl, each accessed preset value froma
respective set df [H08ket val 4&810 each set of preset val ues representing
portions of a trell8080code, dh®krellis code defined by allowed states for
a running-digital 994 whichlPhd eases by one with each binary one in the
encoded val ue and Vi08h decrd8¥s by one with each binary zero in the
encoded val ue, the M0kber of 1P@Hsi bl e encoded val ues that the trellis code
can create bei h¢ nd¥d0t han t #él1Munber of possible input values, at |east
one possi bl e presetOltdl ue exdiled froma set of preset val ues because its
concat enati on with 100l east @i@llpreset value fromat | east one other
respective set of preset val ues creates an encoded value that violates a

codi ng constraint and concatenating the accessed preset values to formthe
encoded val ue, 1$he net hod '

DECODE
ADDRESS SIGNED VALUE ‘ADDRESS SIGNED VALUE
00000 10001 10000 10001 -
20 00001 - 00011 10001 00011
00010 00010 10010 00010
00011 01001 10011 00101
00100 00001 10100 00001
00101 - 01000 10101 00100
25 00110 00111 10110 00011
00111 10001 10111 10001
01000 00000 11000 00000
01001 00110 11001 00010
01010 00101 11010 00001
30 01011 01000 11011 10001
01100 00100 11100 00000
01101 00111 11101 10001
01110 00110 11110 10001
01111 10001 11111 10001

35



characteri sed by: choosing the sets of preset values, fromwhich the preset

val ues are accessed,
claim1l wherein the
of preset values is

based on the entire input value. 2. The net hod of
nunber of preset values in at Ieast one of the two sets

a power of two. 3. sgrp,@E 140} claim1 wherein the
codi ng constr s8ovY7/066ui res t hat encod d vaI f%fé\ﬂ E ve SPETAISYHResnt i ve
er

sane binary val ues.
val ue i s encoded as

4.  The nethod cl al einfa twelve-bit input

a fifteen-bit encoded val ue and a p preset val ue of seven

bits is concatenated with a preset val ue of eight bi ts_Lg—pr-geluee—t—he———

encoded val ue. 5.
permts running digi

tal sums fromthe sets of suns (3) J“ﬂlj lm
(4,2,0), (53,1, (6,4,2,0), (53,1, (6,4,2 , (5,3, e
(5,3,1), (4,2,0), (53,1, (4,2,0), (3,1), and (2) at respect Ve

bit times 0,1,2,3,4
of encodi ng an i nput
conparing the input

The method of claim1 wherein the entire trell| Iﬁ“irde
M
en

codi ng

’]@{FISBC%A}IQEFISM 13,14, and 15. 49 6. A et hod
ded value the met hod conpri sing:

lval ue to @ frethotl of ehcodingt &ar mpiwovatnevas arcancodest ealws, theng a

state, a renai nder and g‘i | east two binary digits of the encoded val ue

based on the conpari®Bth

CUEFHPE he remni nder and the state to generate at

| east two other binary digits agdesdiftCaERaQGAND WiRbedGvalués by apbligndrat e ffo

claim®6 wherein the

remai nder and the state are used to generate additional

bi nary digits of5the encoded val ue"ﬁyesaﬁiﬂ‘? n§OPhe r Rl Nﬂé‘l’ tangt leAE Hioate

to a recursive process, the recursh&gssg{gqﬁgag§ rg@g@m@ agem,{eldggésedp,eset
Iterations, each iteration identified by an iteration nunber and

conprising; conparing the remai ndevalug conigining: mage dhan onet bipgyhdigh ohlthees,

the sel ected set of
the state; deternini
conparison, the new

| east two bi nar

t hreshol d val u oggp@j&iee%dpn the iteration nunber and
ng a new state and new renai nder based on the
state and comatenating the erccessedbpreses evdlues to Hermdbet encoded

iteration as thgostate and the remi,nder respectively; and determ ning at

The nethod of claim
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digits of the enc#¥ val ue based on the conparison. 8.

X wher ei n Fhackethed offcldiar bstietetn wae wf stharaecedssg gueeds t 0
accesses two-bit preset values based upon a value derived from the input value
and a state derived from previously accessed preset values.

3. The method of claim 2 wherein the second accessing means
accesses a five-bit preset value based upon a value derived from the input value
and a state derived from previously accessed preset values.

4, The method of claim 3 wherein the preset values are organized for
each derived state to implement a desired coding constraint, the organization of
the preset values causing input values to not be encoded into encoded values that
violate the coding constraint.

5. : The method of claim 4 wherein a twelve-bit input value is
encoded as a fifteen bit encoded value. the first ten bits of the encoded value
concatenated from accessed two-bit preset values and the last five bits of the
encoded value from an accessed five-bit preset value.

6. The method of claim 1 wherein the encoded value is a
concatenated from two preset values each containing more than one binary digit.
7. The method of claim 6 wherein a twelve-bit input value is
encoded as a fifteen-bit encoded value and a preset value of seven bits is

concatenated with a preset value of eight bits to produce the encoded value.
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I mpl enent a desired coding constraint, the sets of threshold val ues
ensuring the encoded val ues do not_yxjolate the coding constraint. 9.
met hod of claim8 wherein a twel veTRIg SHE!HUHAS% i s encoded as a fifteen

bit encoded val ue,

fromtwo-bit Wyue2d4and t he | ast F+we—bi

five-bit value. 10.

t hreshol d values are based on a trellis, the trellis e
on a running digital sumacross a codemord of encoded v he runni ng
digital sumincreasing by one for each one in the encodgﬂmum
decreasing by one for each zero in the encoded val ue

for a given initial

the first ten blts gd val ue concat enat ed
CﬁgPlRﬁg ncoded vatTEsderio680na
The net hod of cI aim7 V\/nerel n the stat es and

running digital sum’ all, .codewords end at the safmne

running digital sum 1 7 JUL 1997 AMENDED Sﬁ@ET
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8. The method of claim 7 wherein the preset values are divided into
sets of preset values and an input value is encoded by accessing two preset
values from two separate sets of preset values.

9. The method of claim 8 wherein the number of preset values in at
least one of the two sets of preset values is a power of two.

10. The method of claim 9 wherein the derived value’s binary
representation is bisected at a position between two consecutive bit positions,
resulting in two accessing portions, each accessing portion used to access a preset
value from the two sets of preset values.

11. The method of claim 9 wherein the sets of preset values represent
portions of a trellis code, the trellis code defined by allowed states for a running-
digital sum which increases by one with each binary one in the encoded value
and decreases by one with each binary zero in the encoded value, the trellis code
such that the running digital sum is never greater than a state of six nor less than
a state of zero.

12. The method of claim 11 wherein the encoded values do not have
six consecutive same binary values.

13. The method of claim 11 wherein the ntlmber of possible encoded
values the trellis code can create is more than the number of possible input
values, and wherein at least one possible preset value is excluded from a set of
preset values because its concatenation with some preset values from a second
set of preset values would create an encoded value with more than six

consecutive same binary values.
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