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-~ AND- SCHEME: FER-MAXI-MJIM TRANSI TI ON-RUN LENGTH :CODES W TH LOCATI ON DEPENDENT

CONSTRAI NTS FILELD OF THE | NVENTI ON 5 - The prese?,tc.mtég @&tsbon
rel ates W@9s/4463bdi ng syst ens. In particular, the present. invéention _
relates to. encodl ng systens in disc drives. BACKGRClJND OF THE | NVENTI ON In
the. field of digital -comunications, 10 -digital i nformatlon Is

conveyed froma transmitter to a recei ver through a channel.. "Channel™ is

‘a general i zed t iyiiial 200D TEHEMEREOR MAR IMUFOITRANSTTEON

- satellite communication systens, the channel consists of the atnosphere

- between-'t he -ear (HIFNO IENGEHSs CODES IWITHILOGARION i DEPENDENT a
_storage devices, such as magnetic disc drives, the channel .includes a .
storage nedi um where the signal |SC©NS'ERHINT§)WE period of time before
bei ng delivered to the r'ecei veémmzﬁ@uce noise into the L
signals 20 they convey. = To o correct signal errors
caused by5 this" channqlhe nereeentt henventloinasrelbabéspetba ermeadimynber _
of codi ng techni gues These co t [ t r med
of .a nunber- F’YﬁgFﬁsbltJn n?a]ffhnfg‘q% g&@ ggg\%gggsﬁg q)f\%)('l':g%:‘één)urrber -
- of code bi ts, £o. encEﬂé:ngdslthemal J.mdSSq:rdriﬁées:ode words permt the
detecti on’ and sonet | nes  thes otﬁﬁ:t n t he signals received
-~ fromthe channel. The ratio b@. Iﬁ ﬁ(z@&&'rbgf to the 30 nunber of
code bi ts n1 n, i-s knowfmas thfe c@bl%lqlat @fof digd tadodecommunicafetrial , the
~abifity &gg&eal 3¢ oTRRESSh 85" %bﬁvlei)ea ESBRI \sed;zar@itatﬁéic "eRsgs as

t he code rate Creases because 5. coq % rate
recez.ver through a channe hanne 1s a generalized-

term that can :anlude many things+.  For -:Lns_tance, in- -

‘satellite communication systems, . the channel consists
_ : of the atmosphere petween the earth-bound transmitter
"15'-' : and the satelllte In data storage dev1ces » Ssuch sas
 .. magnetic disc drives, the channel includes a storage
. medium where the signal is stored: for some period of
tJ.me -before being delivered to the receiver.
| All channels 1ntroduce noise into the signals -
;'20_ _they convey. - To detect a.nd sometlmes to correct sz_gnal-_-
' errors caused by this channel noise, the -art has |
~.developed a large number of coding techniques. These
B coding techniques convert data words formed of a number
.o.'i.f data bits, m, 1nto larger ‘code words formed of a
25 ‘number of code blts, n. The additional bits in the .
.code words permlt ‘the detection and sometimes the
-eorrect:ton of errors in the signals receitled from the
 channel. S o .
) The ratio of the nuitiber of data bits to the
30, number of code bits, m/n, is known as the code rate of
' the - code. In general, the' abilit:y to detect . and
) correct errors in a recelved s;gnal :anreases as the
.".code rate decreases because a lower code rate means a
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greater nunber of additional bits in the code wor d. “However ;- - each
additional bit -‘added by the encoder increases thé tine and ener gy needed
to transnwoD 98He63i gnal through the channel. Thus, to nini MCRAUSYEH628Me 5
and energy needed to send the code, the code rate should be maxinized.
A lower code rate results in nore bit c#pwding, which reduces error rate
performance. In one type of coding, known as non-return- to-zero-inverse.

(2L o S R o " SR oty cocnis

by a | ack of Howewsin, oreadhn tﬂﬁ@lttrlmrh t-bd¢ siagded. - bY¥o @hleowenmedeacei ver
‘to generate: ﬁlféz‘gé%e% OPRL YSim20 gn@h@%%ﬂggcso t atgg t{&er%ggfévq:% Si. gnal

t he encoded. si gnal 15 generally lim the nu

consecut i ve z%‘r%'bﬂi W‘iﬁ%:ﬁlﬁ channeld maxFisn n%b@@nmlze thei $ikiend of

code i s kpownms én@h!‘@y' eAgkliedli Nid eGenkdRL kheCO8Sa¥) t Nerfe " Ieoded NSk Nt -
It is al soe knq} do imt the n Cgfnb%h ]gqf consecutive ones in an enco ed '
val ue to 20 1d %’E’f’é‘&? e TRter EPERLES WA ®®T6ccur s

when consecutidite dyoaniing ondiich trleduiqe:snmbtred-asegpélz'fb&h\%&ﬂ‘c@ e w-th-each

ot her. Such codes ar emﬁtgogﬂea%&%x ‘{?ﬁln’&& §| tk%%m‘_gﬁ g%ﬂf]’lg%gt%g_ggs with

an "L" constraint, re
consecutive M%mm—oma;taeoméHRZﬁ)theBMndugmtgdal onéorin exanpbde to

avoi d  (19ee yfily JDI FepfODaRCld | %&%n caglegnad &gaﬁem%?ed

Bl 3RS
constraint L=2 can be dosi gned. fhou
i nt er - synbol s3gnalnt @ndeesifdy, digifat @n%mtléep%ﬁsmatgt byuabérckof

avai | abl e’ cogfr Waishs iPlon iid fﬁr@ﬂémz?d’&é&@ﬁﬂa@s "f@oﬁﬂ%e +h@

[ | ement MIR - constraints with high codes [ rove
_ tg bit - err&'recqlé’teé' ttﬂ/ genera‘l:eg c ock 51gnal uSlng a phase mk

__loop and the received signal, the ‘encoded  signal is

'15  generally llmlted so  that ‘the number of consecutlve

" zeros is no greater than  a maximum number "k" This

kind of code is known as a run-—length-—llmlted (RLL)

code Wlth a "k" constraint. - It is also known to limit

_ the nu:mbef of cor_xsecutive_ ‘ones in an encoded value to
2'(')_' limit the effects of inter—symbol' interference, Whl&:h -

occurs when consecutive transitiéns- in “the transmitted "~ -

~ signal J.nterfere with each ‘other. ‘Such codes are known

as maximum trans:Lt:Lon run - (MTR) codes with an “L*

| constralnt, where L is ' the maximum . number = of

~ 25 consecutive trans:.t:.ons allowed in the channel s:Lgnal."
~ For example, to avo:Ld three or - more consecutive
transitions, codes w:Lth an MTR constralnt L=2 can be
designed. _ _ o

B Although  MTR cod'es - re,duce ~inter-symbol
30 interference, they  eliminate a large number of
~ available code words making it difficult and sbmé;ime_s_
impossible to implement MTR -.lconstr-a_ints with higﬂ rate.
~codes. - MIR codes improve the bit-error rate by
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elimnating the nost error- prone- patterns “whrchin—turn- 1"rTr'rt“s t he ‘code™

‘rate achi evable with a givéen MIR constraint: The present _
addr esseswot9ﬁ'ﬂ’§§3 and 5. other problens, and offers other a an ages over
the prior art. SUMVARY OF THE | NVENTI O\I % met hod -and - appar atus for '
encodi ng data produces a code stream of “code vords, where each code 10
word includes two subsets of code bits. Each subset ' of code . bits is

constrained - 8Yimdnatififern momti rranrorar[sxrcm@npantemwsstrwhﬁth [in an

Siream conpr POEN T3fLE he crdlf, BRSSRARRIS RO LS gifn GREC

| ocati ons, wheomstheimten b| t locations..are constrained by a.different

mexi mum Un | engt - Consiges) nipyidihl oAbl | RS, tndd rg&te”ed” "

enboedi nents, even bit I ocat fons _ wthin the code . stream-

maxi mum 26 tphert ipnebkans » c8Rdt RfFArs oPther; e%degwdovert ﬁlb%at i ons
within the gefersiygam have a -maxi mum transition run constraint of
two. I'n .further enbodinents f. ,- e ntion, the code stream
‘1s formed through a series 2 SUMMARY QF v LEN g odd code wor ds.
Even code words-within mhenmﬁedstandm appara'ausmxﬁmrraemddmgrtdata

The Coe ucrpdBeldl s el Bt or Wbl i Ral | OfBre 20yl gy T
transiti a8 30wordninchutesi tweo subsews PEr cobe &dds .woldsh an@rsdh tof
| ocations '_ andogLhr 8§+l Oris t NEonHOMS nd®" dﬁy Ogd cﬁ'ftferent maximum
i transition run coustra:.nt ) _
'~ In an alternative embodz.ment, ‘the met-hod and

_ apparat:us produces a code stream - comprised of.
15 --.alt__ernating even bit l_ocations and odd'bit locations, .

' where the even bit locations are . constrained by s a
_d:i_.fferen_t' maximum run length constraint than the odd
bit loeations; In preferred entbodiments", --evén. bit
'- lo_c'at:ions within +the code stream .~ have & maximum

20 transition run constraint of three and odd bit
' locations within the . code stream _have . a. . maximum. ...
” transition run constraint of two. -
B In - further embodiments of the present
invention, the code stream is formed through a series
25 of concatenated even. and odd code wbrdé. - Even code
' Words within the code stream have max.t.mum tran51t:|_on _
- run constra:.nts of two for the code words odd bit
locations and three for the  code words" even bit

~ locations. For odd code words, the - maximum trans:t.t.t.on

30 run constraints are two for the code: words' even b1t . .

| ‘locations and three for the code. _words‘ odd 'bit
locations. | . oo _

BRIEF DESCRIPTION OF THE DRAWINGS -



| ocati ons. BRI EF DESCRI PTI ON OF THE ‘DRAW NGS WO 98/ 44633

- PCT-US98/6289—=4=—FtG -1 ‘i's ‘@ plan:view of a'disc drive. FIG 2 is a bl ock
di agram of - a -codi ng system of the present invention. FIG 3 is an

or gani zat wimpd/a4esmyout of an 5 encoded stream showing - PREUSAYPRIER i ng
and nam ng convention used with the present .invention. FIG 4 is a state’ _
diagram for the code of the present invertton. 10 - DETAILED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS FIG- 1 is a plan view of a disc drive 100 that

i ncl udes a.housing with grdase l 13&,2 vq_@q, %ft @PaeQuen,104 (sections of
~top cover 104 -are renoved for - Clarltg,)l,ogk drive-100 fUrther .includes a

“di'sc pack 15 106, “whi ciF 1% rbuh® el sﬁ‘P—ﬁSFém 0@ @RSinghEFgLe sc

.pack 106.can.. ldﬂlﬂwpa;e@lem;allhbéngﬁghndl vi.dual .di scs which are nounted for
‘co-rotation -about a Centyr . ~Each di sec ,surface haiaan-_ associ ated head

ginbal assenbly (HGA) 1E h F§ RNt TP 2R tonad vdayept oot f Gin
conmuni cat § on etidddede ﬁltﬁ@arﬁur'shom.ngEa(ﬂhﬁGﬁmixﬂﬂerm udagda @idikalg and a

~slider, which carries one or ite_heads. "Each HGA 112 is
supported by SCRYSHST, R Ts \%ﬁﬁc%ﬁ Pg‘%g?{ﬁ; AV EY to a track
accessi ng arm-120° known E]mwrﬂalﬂgl astate: )dmg;anQEoroftMn codsuatfort s senbl y

122. Actuator :%%%%@' ﬁ‘ve}lwf?% ‘rotated about- 'a shaft 126 by a
voice coil f’ is controlled by servo control circuitry.

Wit hin |nternal CII‘CUIt 128. HGA 112-travel s in an arcuate ‘path 130. 30 :

‘between aglisc i “ﬁ@fAﬂLmﬁSﬁcﬂi@rmiﬂ 0’1-“ fuzion PRE?QRRED EMBODIMENTS

_ FIG. 1 is a pla.n view of a disc drive 100:-
.that J.ncludes a hous:!.ng with a base plate 102 and a top
_cover 104 (sections of top cover 104 are removed for
o clarn.ty) ~ Disc drive 100 further includes a dlSC pack
15.'. -1-06,' which is mounted on .a spindle motor (not shown).
'D.Lsc pack 106 can :anlude a plurallty of J.ndJ.v:Ldua'l
' _'dJ.scs Wthh are . mounted for co-—rotat:n.on about a central _
-_j-_-ax:.s. Each disc surface has an assoclated head gJ.mbal
" assembly (HGA) 112 which is mounted to disc drive 100
.20' ' for communication with the disc surface. Each HGA 112
PR -includes - a- g:.mbal and-a - sllder, which carries one or
more read and write heads Each HGA 112 is supported
hy a suspension 118 which is in turn. attached to . a

: . track access:x.ng drm 120 known generally as a flxture,
- 25 _of an actuator assembly 122.
' o Actuator assembly 122 is rotated- about a
| shaft_ 126 by a voice co:.l motor 124, -Whieh is
" controlled by servo control circuitry within internal
- circuit 128 HGA 112 travels in an arcuate path 130
- -f3D' i ‘between a d:Lsc inner dJ.ameter 132 and a disc outer -
: ' d:.ameter 134. When the head 15 properly pos:.tloned,
o - write circuitry within internal circuitry: 128 encodes.
‘data for storage on ,th_e_ disc and sends an encoded



e .
di aneter 134. When the head is properly positioned, wite circuitry
within_internal. .circuitry 128 -encodes data for storage on the disc and
. sends an encoded PCT/ US98/ 06289 WO 98/ 44633 - 5- S|gnai,cr,r0§98,§d§99 head
in  HGA Jblssgddi ch wites the information to the disc. At other tines,
‘the read head in HGA 112 reads stored information fromthe disc and provi de
a recovered signal to.detector ci rcuitr;r/g, and 5 decoder circuitry wthin
internal- circuitry 128 to produce a recovered data signal. FIG2 is a
bl ock di agr argl(gnaa_ gerer ahiez elleednmini cHGAonl‘%yst‘élm-dMSWrEE%%l Wheh  the

__bresent. Inveﬂt F Qo I daheca} e of Ritfdr 1G0EBINItOR ifdadOnesustem
"148 is formed Iinﬁt rrilal 0gl € “head gi nbal agsenblé 112 and di;sc 106. -
W t-hi- n commrmmamttbnli?str@mdmg't%? cHefRIghat FRRethEs BEE a2%danpl es

152 and Tpr O%:Cogﬁ_é?e exen A, dd Coggnapr ti% watecﬁyﬁn cdrdudddycodad words -
153 are . paral | el:-t o- serl al ionvertert155 %5'8 gar allel -
manner su5h tdamb@ﬂ (Fflrt%bé'ﬁ’t svighing lPE?’ﬁEﬁ i vVELESHE T Yor |

~ provided. & Aqbvalirdddateasdgheie. = Parallel-to-serial '
converter converts each.paral.l el d eygn wor- ds
153 int o a serl al repr BEAt ati.or. aﬁdhg% ?{c\o@{éiﬁfegnﬁna‘tég tahe‘geﬂcg'jgai?ggd

© repreésent at i. QRO EHSbIC e sgtsserquerimsﬁ of ueeén ami:lbddtblets psasentThe
sequence of even and od

di scussed furtMERHERDBY, g‘ﬁa!ﬁsmt er/.c aﬁ'tr?:lm'ére%% T ltflfelggla%/%gnt he
" sequence 10f _e.g'yagltamdl-tmld;v.i)|fcs::médlr by dimeereah gvemsl%e %%ﬂ@eﬁé@béé t hat

it is. optimzed f he 4 y0e, 0f; JEt e66 0T W§€Hlﬁ0céﬁﬁ@ﬂ§éaﬁb@nssgeaémfrom
the channel . _a }i Bf% &?channe precoder dl prodyces
- - 8, an encoder 150 recelves ata samp es - 182 ‘and
"produces a even and odd code words 153, Even and odd
" code words 153 are provxded to parallel—to-serial
.'15 | converter 155 in a parallel manner such that all of the
. 'bits of -a respectlve coder word are provided +o
converter 155 at the same time. - Parallel-to-serial
._ converter 155 ‘converts each parallel code word of even
and odd code words 153 into a serial representatlon and
l,.20 concatenates the serial representatlons to produce - a
: _sequence of even and odd bits 154. The sequence of
even ' and. odd bits 154 meets several constralnts
.'dlscussed further below. Tra'nsmitter/channel precoder'
' 156 receives the sequence of even and odd bits 154 and
.. 25 . cond:.tlons ‘the sequence so that it is optimized for the
. _ ... type of ‘detector used to recover the ‘signal from the
" channel. Transmltter/channel precoder 156 produces
"wrlte signal 158, which is provided to ‘channel 160.
_ Channel 160, ‘which is comprised of a write
30 head, .a dJ.sc, ‘and a read head when the communication
. system is a disc’ er.ve A conveys the encoded 1nformatlon
from transmltter/precoder 156 to rece:.ver/detector 162
-.as a read sighal 164. Recelver/detector 162 amplifies
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wite signal 158, which.is provided to channel 160. Channel 160, which is_ o

conprised of a wite 30 head, a disc, and a read head when the

copmuni cation systemis a di'sc drive, conveys the'encoded informati-on from
transmtter/precoder 156 to receiver/detector 162 as a read S|/8g9a8/06;8§4
Recei- ver/gg;% 3 162 anplifies WO 98/ 44633

PCT/ US98/ 062 6 and filters read signal 164 and recovers an encoded -
signal fromthe read signal using one of'5s73veral known det ecti.on mnet hods:
For .instance, . receiver/detector 162, nmay usé a' Viterbi = ‘detector,

Deci-si on - Feedbac _Equ at D4 ahiixefleBsveys “ErEe emtadd
wi th Deci sion ﬂ@edgack %D$§FS: éf?nai s

" (RSSE) . Aftersi@{aact:ﬁrtgnamﬁaﬁ%? D siaReg Bsangn ans (b BRY! %Eﬁ"g\_éggﬂ% o
receiver/ det ec %E ]%%IQW a rmovmeﬂanequeneeeoveeyéﬁt&moo‘ddl533ts -

165 mhlch 10 oVi

0, serial-t el §bedbdtec
sequence of emyandw@dd Bits 31"'6??}? |r$f)ealipsetraé'£ “for mat J'Eaf?{the |npu1 to

-serial-to-pa a%%‘gé 11 S0P t e(DFRPR. dntes-Delamr afFee coReeFeRr 165 r oups
€

. the bits i Wor ds a cgnv(%r cggde puFted rgghﬁesgé@eﬁ&. .
- format to '. a DQQJL%J-‘P%I - “Seri-al -tq- par al | el (1 %erter é@é t hen
out puts even aagtggﬂlﬁﬂdQRﬂsEds 16$f¢%rad§§P§FP'§Igf P L+ P n-and odd .

code words 166 are vide CQﬁﬁr i‘@%elvee?’deﬂtelctb&B 16r produceser se
~of the coding. F&%@Eug ndind

Eg0, SR aneGder 150 and 20 nver hg gave odd.
code words 166ai RtgroveEmeier :RARRRGE sPF e &Y F70T" ?fl d3 f’%‘:é 36% "wAR2En
“organi zati opal |ayQ ide dat@déeﬁtdleaib—ﬂp?ﬂaifl@ t CORVBTLET Iiél3pf ul The

descri bi nglq he 3 &mar1 ng “and nani g_SuS u *‘Brﬁét t he
present- i nvent |s@|quenwd@ spyggnﬁnrii gal sbgngse?(‘%% i1y ciqpr@cgéﬁ'aw

- at the input to serlal—to—parc.llel converter 263,
. serlal —to—Parallel converter 163 groups the bits into
- code words and converts the code words from a serial
15 'format to a parallel fomat- - Ser:.al-to-—para;‘.lel
o converter 163 then outputs even and odd code words 166
in a parallel format. 'I‘he even and odd - code: words 166
" are provided to - decoder 168. - Decoder 168 uses the
-_-anerse of the coding rules used. by encoder 150 and

2.0. 'converts the even and odd code words 166 J.nto recovered

| -.data stream 170. | | o |
FIG. 3 shows an organlzat::.onal layout for a

.code stream 178 of bits that is helpful in descr:.b.mg
.. the numbering and namlng system used in connectn.on Wlth
e ' | 25 the present :anentmn. - Code stream 178 is an example
" of the type of bit stream that can appear as the |
sequence of even . and odd pits 154 or the sequence. of -
even and odd bits. 165 of FIG. 2. _
| - In FIG. 3, the first b:Lt in t:.me is to the
30.. far I1eft and later bits in time extend to the r::.ght. |
' Above code . stream 178" is number line 176, which-assigns
an integer to each bit in code stream 178 based on its
overall 1ocatlon within the entlre code stream Under



of the type of bit streamthat can appear as the sequence of ‘even and odd

~bits 154 or the sequence of even and odd bits 165 of FIG 27 Th FIG 3,1
"the first bit intine is tothe 30 far left and later bits in tinme extend

‘to the ri gﬁbs\sﬁﬁ@?/e code stream 178 is nunber line 176, whi grrssisgsssan - .-

‘integer to each bit in code stream 178fased on its overall.location withi n.
the entire code stream Under WO 98/ 44633

IPSCT/n tﬁgg ggZ b?Fegggtp&ﬁ%ﬂhbﬁvsnhuﬁtbahw‘oqfsﬁwn,sysﬁenfw.i:be biist b|t

ro, the second bit is bltgg):% ﬁo". Above .
nunber |ine 1§'6numbeved/ 88d Biitn2exn thGRFEROBPo P e P E OB8sFftation -
for each evegobl,:;n BrpRfe stkisem Tiheanll7 60 150" edeny/gddt i imé orl?dach odd .

- bit in code TStream 178.. . The nd. " Q" i ti S t- I

“aligned withwhigh PF@é’ﬁé@Fl & b."JtE Sl%%'&ggir gag% f‘%ﬂ @‘y 2 bggen odd - ©
~line - 174 i odgoggr»égmdlbat aha a:mun'ménde;ignﬁd:nm? meeacasgdgan&n S
- int eger for "each gFr espg]n@ ng i d hegpbi t.,59 | epat 'dgha‘é%;ﬁ#ibﬁ qde

“word. In théfe 3, "each code word has 9 ocat’i ons
nunbered 0 teegrtlcéb_o_ye ‘abiigredr dwith nikmermerPeThive 7Pits dade SRS

“even/ odd Ilnet 175, \%é? which provides an "E" de5| ghati on for ‘each even b|t
. location in ¥l d. and an "O deS|gnat|on

gach odd bit Lon in
a code Word BeI ow codeihnve arfviery/3dd co%l:en?\ord gouf“r? 186¢ e\WOEﬁ{ %§3OC| ates
- a number, 9# LU F7Di RRih dudigie endermtegmm £68. eackhus,
Its

word LLZJ“ QAQZthecqm%p”&ﬁq%é?%.“?édacéem%%% Wigég‘éﬁoﬂ' St h %‘”c';%f.;’ﬂid
_Wlth code- vm%rqpuntxﬂ.SQhesemhedimelﬂt of FIG. 3, each code word has
.9 bit locatlons numbered 0 to 8. Above code—word.—blt.
_numberlng line 177 is coae word even/odd line 175,
15 ~which provides an “E" des:Lgnat:Lon for each even bit
| location in a code word and an "O* des:.gnatlon for ea{z‘ch
-'_odd bit location in a code word. _ R
' Below code stream 178 is code—word count 180,
: Whlch assoc:.ates a number Wlth each grouping of ‘nine _
.20 | bits in code stream 178. _ Thus,'_the :E.Lrst n:Lne bits
: form code word zero, the second nine blts for.m code
_ word one, and the third nine bits form code ‘word two.
.~ Vertically aligned with code-word count 180 is even/odd
code word line 182 Whlch prov:Ldes an “E" designation_
_ .25 - for each even code word in code strea.m 178 and an "0"
- | - des:.gnat:.on for each odd code word. S L
| Code b:l.ts 184,. 186, and 188 prov:Lde examples'
of the number:.ng and even/odd des:.gnatlons -of the
_.-present invention. .' Code bit 184 is the flfth bit in
‘300 code stream 178 and’ :Ls assa.gned an. overall numer:.cal _
| 'va.lue of 4 in number lJ.ne 176. - Code bit 184 is also -
- the f:.fth bit in the: flrst code word, and thus. is. .
: ass:l.gned a code-word-b:.t number of 4 in code-word-—blt'



code word |ine 182 which provides an "E' designation 25 for each even code
~word in_code stream.178-and--an--"0"~-designation for each odd code word. Code °
bits 184, 186, and 188 provi de exanpl es of the numbering and. even/ odd

desi gnations of.-the present invention. Code bit 184 is tperiskddread t | n .
30 - code sic o94m633/8 and is assigned an_guerall nunerical value of 4 in

nunber line 176. Code bit 184 is also the fifth bit in the first code
~word, and thus is aSS|gned a code- mord b|t

n er of gabit
VO 98/ 44633 pumpering line 177. Code . 1 eﬁs@ggg%gg%%g)nunberl ng

line 177, CO‘WS’PI % 84}4853;@5 é}d @csdam:meen 17144 tand bo?ﬂeev\ﬁ‘ﬁ?fédd line’
" 174" and .code d dd Trne 175 de; bits teyd Ehestirst
code word 19Gvemylozid |ls_m&mb%$ed Eoge. \ch.':%' U8 Lag0tat R

zero -n“code 5 word co nt 180

7 and-which 'S deési quoa% f_mern.s cvgfebened ¢oie TS JBCED AT WEPES! i ne -
.182. ‘Bit 186 T¥% wentleth

€q ‘ﬁ‘iﬁt%@ adasn aeﬁmtbdel val ue
of  ni net egn iwotdecowne. 38Pe H'a ?%1 c%ﬁsdl% ered an-odd bit-.overall. as :

__,-Shovvn in 10 ﬁgg (zél/fgdexl,éﬁllaadd%odd\mm&ﬂ-m% 482+t he twentieth bit overal'l
bit 186 is on '

he Second grlgt 4k C £s Wetti8én did asnsuoﬁe m:seam
.code word bit - nunber of B cso wor d-bi t n nber i
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GA9 | aé: tion SQu %eglnnl 1|3F§% 6’]‘%{1 |
1074 ; S@ F?that 17’21‘7&“5l 1 36 574 20 Y1 & w2

100 ° SO 000 ] ocAM B! 44633 limited to two tramsitions (L1=2) and

_(Pg; U502 5 TABLR S Sefifn0bFkop even bicSh %tqosgqarftmgﬁg 1

| Co
State Codeworthitte etd Hehdedotears - iGna e(I(Z)‘@éwor éi%feé’teérss? 31[92 €31 F9

102 SO 002  .scS 1 Sélté?.aéate SJm irid4 haveso dfFererfiO BB 1D6 .
SI- o6 .. ST qi%@ér s SO B Si . FC 1DB

SO 0D8 - saml:tzed MR constrainkg. FEPEFBALCALYE &R o EIA5 S1
CDC SL. FE 1'¥ords ,S]tr%.tlon S Bbeginiing From ¥ bidl locaFdvs SO

076 S_ls" ,are 1_1_m1ted to three trans:Lt:Lons (L3=3) and transition
'runs beg:mn:.ng from even bit locat::.ons are l:.mlted to-_
two transitions (L2=2). BY J.nterleav.lng code words_
o .:"that use these two. d:.fferent sets of constra:.nts ; an

RTINS M‘I‘R " code is formed that prov:.des un::.versal MTR

20 "sconstralnts of ‘two for odd bit locat:Lons and three for
"-.:'-':even b1t locations countlng from the. ‘beginning .of the
...":5.-:".code stream. Thus, the decoder does not have to keep

'.:__track of whether the current code word ‘is .in an even
T :temporal location or an odd temporal locatlon. It only'
?__ 25 . has to- keep track of the overall temporal 1ocatlon of |

'_'the bits. o R '.
_ '_ ' ' Of the poss:.ble 512 n:s.ne—b:.t code words, 317 .

R 'meet ‘the I3=3" and Lp=2 MTR constra:s.nt. /To ensure
B proper concatenat:.on, the 317 code words that meet this
30 constralnt and the 356 code words that meet the L1-2_ |

o and” Tp=3 MTR constra:.nt ‘are dJ.VJ.ded :Lnto four states
"E"-each,- forming a total of eJ.ght states.. B The four -
'. states for the code words hav:Lng an MTR constra:.nt of



A;cause a single code word can occur twice within a given state for two

different data words, the decoder nust determine the state of the néxt code

wor-d<5 to decode the_ present -code word. For exanple, ifpgpeAfsos@éade” 120" _ .
I's recewsB/446%d t he decoder is in state SO the code word represent either
data word 50" or--data word "70". Thejdecoder mnust determ ne which state
the next code word belongs, to before it can deternine what 10 data word

~.the code word "120"" represents I f the nexj; codanyéordég_s fr(a%] gte so
CTT0" Wil bethiee dEcodEVEBUCHEE, WIS vi > )5080G HFopd TheP R § &output o
‘I'n-orderfor: cgr@ft gﬁ{gﬁ tgrédgéhote’dcedeswatds 1Si0gt 52 ,0/'s% eahdieSEIR
'_;constral nt -an toentain 15 . an erroré the: rslete losr ﬁ%&e 1I;<lg§gp1‘,,t1,|;£.(ack of
 whether- jt HEkeafioBdd SHatSEr &P%co WEPRE oFOERS o PR d-"code-Word:
-Si nce’ there %ﬁsﬁgﬁ@l b Iﬂhy_@a;:hfondedd)rpbsltiomme(deedderardﬂdtm keep
~track: of even and:odd: code, words.: b I c hers t . had an
“even. 20" Sor fem@: %V?noﬂ‘é?:‘aﬂ"ms u%)en%\]?]g deli5bla! é Et&f; %Ihg& S

recel ve cofisi éred an

" .odd b|t overgsland gpyever, since the tenth recei ved blt is the fi rst bit -

Cofithe second -code mr&tﬁ?og‘%ﬁ s‘ta&ac\éerkg)fto%t @Iﬁu?gagf cgggewwbq-ds

. ___':Therefore i n order. to even and | ocations within
code . words; shahes citanonor S helee dﬁélnltP@FUSQ%?%Gﬁgg \iSYR/ FXEEES 14-

' “conpl ex’ enoug q:ﬂ%eeg 4 .ac Pev&p @aaeod,ﬁbfdgie Wor. @¢sden wehtdig i dm to.
 keeping-trac Bf even an bi'ts within code wor ds g redlj—}‘gﬁ-t is
- conpl exi10y, . sthtespS8sem %1 cAR cREFOR FiED SOV BHP aPEEPnaty 8/ 9

_.'-Code wor.d mapmngso coet Ricrdal t;&remdnlgamﬂat@, Sy evr cotatensds must
SRENE end with “0"'.- The code words in state S2 or state s3
o may only beg:Ln with "10" ‘so code words preced:mo state
i 82 or state 83 must end ‘with "00“ ox “01". Code WOICLS.
15 in. states S4, 85, SG, ‘and 87 only beg:Ln 'with “0“ SO any .
- code word may proceed these states. - S
- Given these ‘state defln:.tlons ' the_ 356 code
.'.lwo'rds 'that satisfy the MTR constraint. of - three for.
_ _temporally even Dbit p051t10ns and two- for temporally
'2_0"'- odd bit pos:.tlons ‘are divided between states SO,_ s2, |
e S4, and SG. S:x.mz_larly, _the 317 code words that sat:.s-y__-
the MTR constra:.nt of three for temporally ‘odd bit
: _pos:LtJ.ons and two for temporally even blt pos:.t:.ons are
dlvn.ded between states S1, §3, S5, and S7. Note that
) : 25 ,.1 | many code words sat:n.sfy both constra:!.nts ‘and thus are _'
& '“.'found 1n more than one state. However, . code ‘words
R found :Ln even numbered states such as 80, 852, '54, or 56
. are.  ‘mot _found another even numbered ‘state.
- . SJ:Inllarly, a s:.ngle code word does" ‘not appear J_n two .
e :30'-' ' d::.fferent odd numbered states (s1, s3, SS, or §7). " The R ]
R code words found 1n an even numbered state,’ however,
"-can be found in an. odd numbered state..." In addltn.on,.
""zcode Words may be repeated within a state.



are constrained in the same manner as described above such t hat
transition -runs- begi-nning ~from -odd-—bit-locations~are linited to tw"
transitions (LI=2). and 10 transition runs-beginning fromeven bit

| ocat i ongvomsspiabdamited to three transitions (L2=3). HoweveRCT/BSB/M68¥ e words "

under this alternate nmapping have different |ocalized MIR constraints.
Specifically, for odd-code words, transléron runs begi nning from odd bit
| ocations 15 . are limted to three transitions (L1=3) ‘and transiti-on runs

begi nni ng from even bi tyd 0¢e§1995 earfeluﬁhbeésm tmtt:eﬂeltua%% bE2=2) .
‘By ‘interleavi ng code wor ds -t hat-use- these~t wo, differentsets of

 constrai nt's, twe MERT cedd it fRS}Sr’Hd-Q"’csnatanqprBt}Fﬁés f9Ri veYSEI va’FFR 20

constraints %tasﬁ.\@ioh%r 8¢érbithe oceatﬂlcms @a-d:oaleaeesi a@yen thet hegétions. .
counti ng fro

. he begi nni ng of the cod ecoder does- not.
have t o keep StR&k THF RRSt é'rentﬁ'ém@&F \ﬁ(ﬁag:eiss q,, % g ‘PErporal
| ocation or g, Odﬂzsttﬁrwrah bddatmmhereld slrﬁ'qe,ZSSha'BeeosKeers3,r agk,of the

overal! el coaian SO sl chAECPRSY Ui i hfpRLLcO%e

concatenatlorstatﬂw fhEtcbdeanoeusnt hurbgred shate30 constraint and the 356 ~ -

" code words- that neéet t L @M%y&? ce pai e to four
states each,- formng 'a %n%o t stlg%tI Qfﬁ fHrTI‘E"ll c?)|our ‘?atbgs for
the code wor ¢ Hehesr ehoMIRSE8HEET dﬁwtslaﬁwn lpcﬂabe%/@&e@owe 98L84633

-15- thrge faawen Comt@smtﬁs tﬁx'ezzt?éa@éﬂsti\@o.f@ét@ﬁdtﬁed%é% dgtbkd=2) are
-denot ed as states SO S2 Sg The f% %t es for. the _code vvords
sat i Sfy| ng tfenvrrhe. encoder?deco er. ¢ %o words of these

tables are described in a- modlfled hexadec.t.mal 'Format
'where the two right-most ct;aa.acter locations a_r_e'-
described by hexadec:.mal characters and the 1eft-—most'
15 character locati on is descrlbed by a b:y.nary value.

. o _ . Table 2 _
State0 | Statel | State2 | State3 State 4 State5 | State6 | State7
(soy | (S1) 52 | (S3) (54) (85) 1" (S6) _(87)

Ni N N} N N AN Nt 7 [N

" I DatalCodel s |Codel S |Codel 5 {Code| S | Codel S [ Code| S [Code| S {Code] s
001 1c2 Is1] 1AE {so0| 100 is1| 100 {so| 028 |s1} 028 {so| coc |s1{ ooc |so0
01 .| 182 |51] 182 |so| 102 {s1} 102 |S0j 02A }S1| 02A |s0} 002 |s1} 002 |so] -
02 | 184 |s1] 184 {s0| 104 [s1]| 104 {s0] 02C {s1}| 02C |s0} oo4 {s1] 004 {sof
03 | 186 {S1| 186 |S0| 106 [Si| 106 |SOf 04C [S1{ 04C {so| 006 [s1| 006 {SO
04 | 188 |51} 188 |sol 108 |s1| 108 |50} 0A8 [S1} 0A8 S0} 008 |s1| 008 }so
¥ o5 |18a |s1] 184 s0] 10A |si1} 10A |s0} 0AA |51 0AA |s0] 00A |S1] 00A |SO
06 | 18C [S1{ 18C {s0| 10C |S1{ 10C |S0{ 0AC {S1{ 0AC |s0{ 020 |s1{ 020 {so}
07 | 190 |s1| 190 {so] 110 {s1| 110 |sof osC [s1]| 08C 022 {s1| 022 iso}
08 | 192 Is1} 192 }so} 112 |si} 112 |so} 060 {s1} 060 |so} o10 |s1} o010 |so]
- § 09| 194 [s1{ 194 |so} 114 |S1] 114 {SO| 062.{S1{ 062 012 {51{ 012 [SO
Toa | 196 [s1]| 196 |sof 116 [s1{ 116 [s0| 064 {s1] 064 [s0] 014 s1] 014 [s0f -
"0B. | 198 |s1] 198 jso| 118 }S1| 118 {S0| 068 |S1] 068 |0} 016 |s1| 016 |SOf -
T oc | 194 |s1] 19A [s0{ 11A |S1] 11A S0 06A |51| 06A |so 018 Is1| 018 |so}
- oD [1a0 [s1] 140 |so| 120 |s1] 120 |S0].06C |s1] 06C |so| ;1A |s1| 01A [SO
‘1 0E | 1A2 |51] 1A2 |50} 122 |s1] 122 |s0}.05C |s1] 02E |so| 024 |s1} o024 |so}
OF | 1A4.]s1| 1A4 {50{ 124 .|S1]| 124 {50{ 072 |s1{ 03A |so{ 026 {S1}| 026 {sO

181818

¥ 10 [ 1a6 |s1| 146 [s0f 126 {s1] 126 {so| 074 {s1{ 04E [s0| 040 |51| 040 {50
11 | 1A8 |51 148 |SOj 128 |S1| 128 {SO| 076 |S1| O6E iSO} 042 |S1] 042 |SO} = ~
044 ‘{S1{ 044 [SOf-

712 }1AA|51|1AA [SOf 12A |S1} 12A |S0{ 09C |51} OBE {S0{




constraint of three for odd positions (L1=3) and two 5 for even positions

- (k2=2) - are- denot ed-as- states--S1;--82, 'S5 and" S7. " The four states for one

group of code words shares common state definitions with tlllfr/{l g%tgat es
es

- for the WOB¥#463? oup of code words. =~ ~ Code words in 10
~can begin with any two bits including é;l) so code words preceding state SO
or state S1 nust end with "0". The code’words in state S2 or state S3 may

only begin with "10" so. code words .preceding .state S2 .or .state S3 nust end

with "00" er "I S |y begin
“wi-th 0" -se~any.- L tate
- -definitions,-tHe : Atsrids S three
~_ for tenporally jeve N F it
_positions are {i s F y, the -
317 ‘code words 0 ally odd
‘bi't positions gre L ETRPY ted,
between ‘st at es {SE +SS—+ e satisfy
‘bot h const raint 1520 A% 4516 187 150 ever,
. code words fourd§ i 184 ¢H| ABA S8 are not
found in ‘anofhw® | 18&¢si| 1B6EBE136GIS1 1361 |80 023 1163 DE? (50| 5% |54 PR e word
does not appearn i |oow [S30 03 |Rf &40ei5t| A SHUITH AP PES {39 850 (B} 0509®p} S5, or
S7).  The code jwor dscf ¢s3hdBd [52hma2e)\sein143U68| 9B ]SS t08E ¢50| losavs1Ep32 Isefn. be f ound:
in an odd numbgred |3taie] or: |sa| addjst] pa, |scjoate [swrods {sohwsdis1| eme d wi thin
a state. WOFOHH 4463 s3] o5 |2} 146 |s1] 146 |s0| 075 |57} 0EA |so| 636 |s1} 0s6 so[
PCT/ US98/ 06289 =76 1d0 |&af ok e8| 14ve|sui 126660(a05D YEAR 0O 8o 1089 [B1] @38 |s0]
"~ 1D | 1D1 s3] 0ED |s2] 14A |51] 12A [s0| 025 {s5] 025 [s4| 05A |S1| 05A [0}
1E | 1D5 is3} 139 {s2| 14C |s1| 14C S0} 029 |s5| 029 |s4| 03¢ |s1{ 034 |sof .
1F | 1D9 1s3| 1B9 js2| 150 {s1} 150 |s0] 02D |s5] 02D {s4| 036 |s1} 036 |sof - -
20 | 19D [s5]| 039 |s4] 152 |s1| 152 {So| 031 |s5| 031 |s4| 080 |s1| 080 |sof
21 | 1C1 |55] 0B9 |s4} 154 |s1| 154 |so| 035 |s5| 035 |s4f o082 |si] 082 |sof
22 | 1C5 |s5) OE1 |s4] 156 |s1] 156 |s0f 041 [s5| 041 {s4| 084 |s1] 084 |sof+
23 | 109 |s5| OE5 {s4| 158 |s1| 158 [s0| 045 |s5} 045 |s4f 086 |sif 086 |so} -
24 | 1CD |s5] OES |54] 15A |S1] 15A |S0} 049 |S5| 049 |s4i 088 |s1] 088 [so}f
25 | 101 |s5| 0ED |s4] 160 |s1] 160 |so] 04D |s5] 04D |s4]| 08A |s1{ 08A |so].
26 | 1D5 |85} 139 {s4) 162 |s1] 162 |S0| 051 [SS| 051 -S4/ 0A0 |S1} 040 |S0].
27 | 109 |s5| 1B9 |s4f 164 |s1]| 164 S0} 055 |s5| 055 |s4| 0A2 |s1| 0A2 |S0
28 - | 19D |s7} 039 {s6| 166 |s1] 166 [SOj 059 |s5] 059 {S4; 090 }s1} 090 |so}
29 | 1C1 |s7] oB9 |s6| 168 |S1| 168 |S0f 061 {S5| 061-|S4] 092 |S1] 092 |s0}
2A | 1C5 |s7] OE1 |s6! 16A [S1{ 16A IS0} 065 {s5| 065 |sa| 094 |s1] 094 [so}
2B | 1C9 [s7| 0E5 56| 16C |S1] 16C {SO| 069 |s5| 069 |s4| 096 |s1| 096 |sof.
2C {1¢D |s7} 0E9 {s6| 15C |{s1]| 13A-|S0| 06D [S5| 06D |s4{ 098.|s1]| 098 |so|:
2D | 1D1 |s7| 0ED {S6} 15C s3] 13A |s2| 081 |S5{ 081 |S4] 09A |S1] 09A [so0}:
2E. | 1D5 |57] 139 |s6| 15C [s5] 13A [s4] 085 {s5| 085 {s4| 0A4 [s1] 0A4 |s0]
oF | 1D9 |s7] 1B9 |s6] 15C {s7| 13A |S6] 089 |s5| 089 |s4| 0A6 |s1f 0A6 [so}
30 | 183 |s5| 183 {s4] 170 |S1| 10E |S0| 059 |S7] 059 {S6{ 0C0 [S1{ 0CO {sof -
31 | 18B |s5| 18B |s4| 172 |s1{.13E |s0| o061 [s7] 061 |se} oc2 |s1] oc2 {so
32 | 193 |s5] 193 [s4 174 |s1]| 14E {so{ 065 [s7| 065 {s6| ocs |s1| oca {sof .
" 33 | 198 |s5| 198 |s4| 176 |s1] 16E |so| 069 [s7| 069 |s6| ocs |s1| oce [so] -
34 | 1A3 |s5| 1A3 [s4{ 170. |s3| 10E [S2 06D |s7| 06D |s6| 0C8 [s1] 0c8 [so].
35 | 1AB |s5]| 1AB [s4| 172 s3] 12E |s2{ 081 {s7| 081 iss| 0cA |s1} oca [so]
36 | 183 [s5] 1B3 [S4| 174 |S3] 14E [S2{ 085 {s7| 085 fs6| 0Bo {s1{ 0B0 [sof.
37 | 1DB |S5| 1BB |S4] 176 |S3| 16E |S2j 089 |s7| 089 |ss| oB2 {s1| 0B2 |so}
"38 | 183 |s7| 183°|ss| 170 |s5| 10E [s4} 025 |s7| 025 [s6| opo {s1] oDO {sof
39 | 18B |s7| 18B {s6| 172 |S5{ 12E |S4{ 029 |s7| 029 |s6| 0D2 |s1| 0D2 {so}



068

t hr ee

two for odd bi t positions and for even - bit positions
-over - -the- --entire ~encoded signal, the next state for any even
nunbered state, states SO ,  S2, S4 or S6,. nust be an odd nurrbered
state, - whalsRgessSl, S3, SS, or S7. Similarly, “the. neBGT/USSA6ES for -

any odd nunbered state, must be an even nunbered state. An
encodi ng/ decodi ng table for a code bas;elﬁ'on these eight 'states is
shown Table, 2 . below . ) In 10 TabI e 2, "N
t he headers ._ I'ﬁd'l-e'& tLo {hc et terteer—f~rn e erreetergetoder . .
-~ The----eode. -wrds . of  these tabl es'ra‘é?% described in a nodifigd -
* "hexadeci-mal fofmat Vd&taerce StateN el State 2] State 3 (|[StatednDStie 5 [CHAE 610 tete7 § | Ocati ons |
are descri bed By hexateci ns) chabAcilenss) ahdGshel | 68t -Inu8® 15 7 ¢haracter ...
location .is dgscrifbed[By a BfpharyNjal ueNiTap/® 2 SNte QNIStai¥j1 State 2
-~ State 3 St at ejiafa‘ic%ﬁé S KCod deg S |Gode @Code Sgde | S |Coded$ (S3) o
(S4) - () - (oA ] e |q7ap [selni7a Jag| 14E fpa] 0o fS7] oo Iso agi [si[ bt [0l Data Code -
" S code’s Code $ a7 1961178 455 165 (84| SDRSAL0RS 182) 0DF (91| 96 1S8F SO 100 S1
- -100 SO°028 S1 (28 $DAB(BZ| $A3 |SEIO1Z0 467|AOE 15?1’018.1 S3IBOE3SSH|10D2 || 0DYPSOBO 02A S1
- *02A SO0 002 - SY 3W()2AB (57D 2AB. |S4i812 $37| IISH [0SV (B3 [SIBD1I92) 088 (1§12 (DS]s0P2C SO 004
.S1.004 SO 03 [ 389184 | 61358‘@5 T GSHAD}%| SED (38| 0se st 31| 08B [P 04 - - 188
S1 188 SO 108. $TrRUIDR{S71ERR 126352k Psb | 08D 08D0|sé]20Bs 184\ 0B [SBPA SO 10A -
gi o?é gg OQOSA% P 1 PREYS0B 55 | 00 US| oIS das I8} 0B | 0> 2)3‘% 8800202\0 :
Ro¥ J u ; o4 1 J y ) 1 R '
S1 022 SO 08 £ Y i |53 k0 331 597 |99 ool 155 RAJe IR R0nisd ' o5 00
194 S1-194 SO 1# “\ig‘ﬁ—j’ 3@\"??%1”&153 ﬁﬂf@i ,Qgtgﬁq 2 ﬂccﬂklf S1 196 SO
. . pipae 4 [ :
116 S1 116 SO do% Snshesl &% 1571108 s 16 L) et \stloa 182l 06 J831 po6 TRa) ™) 1 57 5
68 S1 068 SO (14t SA8h I a8 15| 108I501 108 153), 048531 048 sl 0p8 JS3| 498 §RR S1 06A SO
018 S1 -018 SOJCKS 1ABh §58| 15Rc|Se|304 50| 39A [S2h0ABERAALR2| 0Bk [sahoemfs2k1 on SO
1A2 S1 1A2 §12% | 38T (83C185) 1SRRIOC GRS (39 ISEPAF|SSHOME |83) OPAAS3EO20 }82) S1 124 SO
072 S1 03A SO (2& $1507®5| 5% 5ol 110 AB3| 310 196 08)SIPEsCS 52| 1025 |BO07 1521 04E SO
040 s1- 040 So [ 48 | 192 [s3] 192 [s2{ 112 s3] 112 {S2{ 060 [S3} 0660 |S2| 010 [S3| 010 {S2 ' '
. 49 | 194 |s3] 194 [s2] 114 |S3] 114 |S2| 062 |S3| 062 {S2| 012 |S3| 012 [s2 s
4A | 196 |s3| 196 |s2| 116 |S3]| 116 {S2| 064 |S3| 064 |S2] 014 |s3] 014 |S2
4B | 198 |s3] 198 |s2| 118 |s3] 118 |S2| 068 |S3] 068 |s2] 016 [s3] 616 |S2
ac | 194 s3] 194 |s2] 11A s3] 114 |52] 0sA |s3]| 06A |S2| 018 {s3| 018 |s2
4D |1A0 [s3] 1A0 |s2| 120 {s3] 120 {s2f 06C [S3| 06C |S2] 01A |S3| 01A |s2f -
4E | 1A2 s3] 1A2 |s2]| 122-{S3] 122 |S2} 05C {S3| 02E {S2| 024 {S3] 024 |s2
4F |-1A4 |S3| 1A4 |s2] 124 {s3]-124 |S2| 072 |s3| 03A |s2| 026 |s3] 026 [s2
50 | 1A6 |s3| 146 {s2] 126 [s3] 126 |s2| 074 s3] 04E [s2| 040 [s3] 040 [S2
51 | 1A8 |S3] 1A8 [s2] 128 |s3] 128 |s2| 076 |S3] 06E |S2] 042 s3] 042 |S2
52 | 1AA |S3] 1AA |52] 124 |s3] 12A {52| 09C |S3| 08E |S2| 044 |s3| 044 |2
53 | 1AC [S3| 1AC [s2].12C (s3] 12C [s2| ODC {S3| OAE [S2| 046 |S3} 046 {S2
54 | 180 |s3] 180 |S2| 130 |S3] 130 |S2| 01D |S3] 0B8 |S2]| 048 |S3] 048 |S2
55 | 1B2-1s3| 1B2 |s2} 132. |53} 132 |s2| 05D |s3| 0BA |s2| 04A |{s3| 04A |s2
56 |.1B4 (S3| 1B4 {S2{ 134 [S3| 134 |S2] 071 {S3{ OCE {s2| 030 [S3] 030 |s2
57 | 1B6 s3] 1B6 [S2] 136 [S3] 136 |s2| 01D |s5| OE2 |s2| 032 |{s3| 032 |s2] .
58 | 181 |S3| 181 |s2| 140 {S3] 140" |S2| 05D |s5| OE4 |s2| 050 |s3| 050 |s2f -
59 | 185 |S3] 185 {s2| 142 [s3} 142 [S2| 071 |S5]| OE6 {S2{ 052 |s3| 052 |52
'5A .| 189 |s3] 189 |s2| 144 |s3| 144 |52} 01D |S7| OE8 |s2| 054 |s3| 054 |s2
5B | 18D |s3| 18D |s2| 146:|S3] 146 |S2{ 05D |s7| OEA |s2| 056 |s3| 056 |s2
-5C | 191 |s3] 191 |52 148 s3] 148 |S2] 071 |S7| OBC |s2{ 058 |s3]| 058 |s2
sD | 195 |s3] 195 |S2] 14A |S3] 14A |S2| 025 |S3| 025 {s2{ 05A |s3] 05A_|s2]
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| 'appear in the tables and not all of the 356 code words
that satisfy the MTR constra:.nt of three for even b:Lt'
.locat:x.ons and two for odd bit locatlons appear ‘in the
- 'ta_bles. _ o -
15 FIG.._4 shows a state d:l.agram for the present-
: :anentlon s unlversal MTR code of three for even bit .
locatlons and two for odd b:Lt locatlons _ State 200
represents the :mlt:Lal state of the encoder/decoder '
: which is an even bit locatlon. If the bit assoc:.ated _
. 20 with' state 200 is. "O‘ the code moves to state 201,
o whlch is an odd bit locat:.on _ If the bit assoc1ated
Wlth state 201 is '0', the. code returns to state 200.
'If the assoc:.ated blt lS vl _' the_ ‘code advances to
state 202. ' . B |
25 . ' State 202 1s assoc:.ated WJ.th an even blt '
' locatlon. and :Lf that b:.t locatJ.on contams a ‘o', 'th'e .
 code returns to state 201. If. the bit locatlon
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SAd ‘even bit- location assoc:rated with state 206 moves the

15 code to state 207. . Since state 207 is assoc1ated with N
.: three 'consecutlve ones beglnnlng from an even- bit_l
| locatlon, the MTR constralnt of three for even bit -
locatlons requires that the blt assoc1ated wrth the odd
‘location of state 207 be ‘0! and the code returns to
20 .state 200 : S
| In summary , the present’ 1nventlon prov;des a?'
method and apparatus for produc1ng a code stream 158 -
The coding system 1ncludes an. encoder 150 capable of o
- converting data values 152 into a serles of code
25 . symbols 154 in _alternating even 188 and odd,‘_y.
' locatlons, such that fewer ‘than a - first maximum
transition run limit of consecutlve same flrst ‘code
symbols start from any even bit . locatlon 188 and fewer-:
than a second number of consecutlve same first symbols-
30 start from any odd bit locatlon 186. ‘The codlng system
further 1ncludes a transmltter 156 coupled to encoder .
150 and to channel 160 and - capable of transmitting an.

.encoded signal based on the series of code symbols 154.



B7 OBl S5 OBl S4 149 S5 149840388503884032580328488__03555
OB5 S4 14D .S5 .14D-- S4 -001---S5--001~S4~0DO S570D0" " S4 B9 OCl1 S5 OC1 151

'S5 151 'S4 005 S5 005 S4-0OD2 S5 OD2 S4 BA-- 0C5 S5 OC5 S4ptFAssso@ss$ 54 009..

S5 009 X 9444633 0D4 S4 BB 0C9 S5 OC9 'S4 159 S5 159 S4 00D S4 OOD S4 06 S5
OD6 S4 BC -OCD S5 OCD 1S4 161 S5 161 .S4 011 S5 011 S4 OD8 S5 OD8 S4 BD
'ODL SS OD1 S4 165 . S5 165 84 015 S5 15 S4 ODA S5 ODA S4 BE QD5 S5 0D5
S4 169 S5 169 S4 019 S5 019 S4 OB4 S5 0B4 S4 BF .OD9 85 OD9 S4 16D S5
16D S4 021 SS 021 S4 1386 iS5 @6 e COndeCrtopd 1khats eyen sipo S2 028

"S7 028 S6.0DC ..S7. 1:82: 1%@615é@gn§ 402086 QdAiocas 02A S6 -
002 .57..002 S@“@Eousleggafo‘- ' f04 Sé104 S6 02Cée 02C. S6 004 7 004 56.

C3 186 S7 ghifoditmetiifs sarlo’ehee meseﬁow"%t% o6 P88 s S®Y8s 57
188. 56 108 08 S6 08482 cHOBt 561, CStogéBAeS? 1«&A:h S6° 10A
' 'S7 10A S6 o@’%}‘o&i‘% SEnd

A T 0A ~S6 Cb 18 57 10C .
'S6 OAC S3 ARt 1320 ofs7 B FLECTIR s"‘)‘n‘igog’éﬁ ﬁé gf 6’%& C 57 08C
S6. -022-S7. O%éoﬁ% o 192 S7+482 Shmvehti®h,112thi8s 060s6ko88OESE iB0 S7

156 3 Goo Eumraasconh oo PO Fes i L AR op

56 118 S7 118.56- 068 71ﬂ6&1a$ﬁ:e&']56 of7sbrectgsec@nd 19xrangemept &f 114 S7
11A . S6 06A S7 06A 6 018 S LAQLSE ni2h 360126 S6 06C . -
S7 06C S6 QPATEy W 55%3@?%056 122%? 122 S6_05C S7. 02E S6.

024 S7 Q¥ ﬁﬁecfullléétSﬂtlAmdg@ai}zd by, tbe BEoado IERSFRA NEANIRS 7.
026 600 146 Sf 1AG S | n12f SGHE4 &4&.@6 04QinS7 Cfe S6 DI
1A8 S7 1A8 S%f12§¥’§ 6 (2)’% g’ %GE S6_042 %p ?A %S}_AA_S_G
12A  S7 12A &kpPeEsed? OSEDBG eI RIe 04 %N 86 H&%-’*fﬁ‘:‘ ) 12C S6

ODC S7. OAE SGag 6%&)&1@% 2 182 hEBOPSf 138086 eh’iﬂﬁm SGDGIT"h€7 03B

'S6 048 S7 048 S6 132 S7 2 S A S7 IQ S7 04A
S6 o . SOdlan ggpghe 3. and - % Q\Ihg.zl I%l@l fﬁg

PCT/ U898f5062§gbsggnta.ally the same functlonallty w:.thout depart:.ng .
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although “the preferred embodiment descrlbed

‘from

addlt:x.on r
nerein J.S directed to a coding system for a disc drive,

o it Wlll be apprec:.ated by those skllled in the art that

"2'0'_ | the teach;\_ngs of the present invention can be applied
+t0 other systems, ‘like - satellite communlcatlons or
cellular phone systems-, wn.thout departing - from the B

scope. and spirit of the present invention. -
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2. The disc drive. of clalm 1 whereln a flrst subset
of code bits are code blts that occur 1n even blt
locatlons within a code word and a second subset

of code blts are code bits that occur in odd bit
--locatlons w1th -a code word '

3. The dlsc drlve of clalm 2 whereln the maximum
transition run constraint: of the first .subset of
code blts is two and the maxlmum tran51tlon run :
‘constraint of the second subset of code blts is
three.

A The dlsc drive of claim: 2 whereln each code Word '

n.comprlses an odd number of code bits. | |

--]5fh The dlsc drive of clalm 2 Where;n the code meansf--
utreats as. 1nva11d a concatenatlon of code words
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patterns or Iong run patterns_w d I st ances e avoi ded.
For exarfpl e, P t@+#G driye ?‘épﬁi tW’t? B %%%f%f’lﬁ] eq,glg%e
el imnated.. g{lt@dgfmeﬁhepahpatnstweam oning:lrtusnﬁr@f encosEd 189. . are

~elimnated. as fhese pat ern C e detector to keep a Iong menory
length. Thusiim®ts g % g§%75%gsgfgge code words that neet the MIR
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| ocati ong, appRadisa dirévealfibss pexdoFPLNg [dafR ORETRIG-UBle wor ds t hat

satisfy the | rapn EttaQrig mrscevajhéoldldwcatims and two for odd '
bit Iocatlons g%%ggﬁg @b eetab es% FIG 4 shows a state

dlagran1for tbempreseng |nvent|on S unlversal MIR. code of three for even
bit.. (a) a transducer assembly which transfers

signals representatlve of information
' petween the disc and a channel device; and
.(b) code means, coupled to the transducer, for
5produc1ng a code stream from an lnput stream
of bits from the channel device of
alternatlng even bit locatlons and odd blt
locations, the even bit locatlonS-
constrained by a different max1mum

.:.'tran51tlon run constralnt than the odd blt

o locatlons.
'8.-'aThe dlsc drlve of claim 7 wherein the- code stream
: .. comnrlses at least cne code word Wlth an- odd
e number of bits. ' ' '
| _9."'The_dis¢ drive of elaim“7'wherein_the-code stream

is comprised of altermaﬁing_-'_first code words and . .
'T7second'code'Wbrds, the first code words.
ecomprlslng alternatlng flrst-word even—blt
" locations and flrst—word odd-bit locations and °
| startlng w1th a first-word even-bit locatlon, the

\\||\|\\\|T|\Tf\iix‘i\eﬁiied <
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| ocations and two:for odd ons State 200 repreSents the initia
state of the encoder/deco lemm”'ﬂtﬁmeven bit “location.~{1f-the bt
associated 20 -with state code noves to state 201, whi-ch is
an odd WDt9sMeEsation. |If the bit associated with state > PCT/ESB6289% he code
returns to state 200. If the associated bit is '1', the code advances to

- state 202. 25 State'ZU&'Ts associated with an even bit | ocati on
~and if that bit |ocation contalns a'0', the code returns to state - 201,
C[f the bit  deRGHd bde WSO8/ 's1ng alternatln second

- PCt/ US98/.06289 . - 24- cqntalns a1 g ‘code noves’ ?o st.at e 203 mhlch tog,
associ at ed WAHR SYSFHPHF 1 ‘?‘Eﬁ:’%ﬁc?% an FRCRRETUPEd20d9d0REF occurs after

“two consecutliosatdres kagi mna:g::fng)rwmh Oalds dEbnlewstoByehbe bit. associated -

th state t be | o, ret H1t0 tate 200. If .
-\che b?t assg%% ?'Od: c?‘Pst ﬁj‘ég%{?_"p&ﬁ& gY%%dﬁb 1968 lPBSstZte 205, which

s aSSOC|at@@nngthnstnﬁinﬁd hxxﬁudxﬁfer¢mttmexymhme of -the bit  associ at ed

‘with state %¥§4 (}(En fdﬁaéaﬁgiféﬂﬁﬁrghéﬁ ﬁﬁgig gggd ég | f the val ue ofe_f

- the bit assoCia wth state 20 e nnveero state 206, _
which is as§@@nmh&$\&QQﬁ§ﬁP%§en Iocatlon 0" in the even bit location -
of state 206 noves the code to state 201. A 1' in the even bit |ocation

associ aed wieh Sl @A BFas die ﬂﬁwh@ﬁéﬂfntgnétfifs@%ords' nce state 207 .
1's aSSOCIate wWi.t.h t:Hree , consecut:i ve on.e%@e]ﬁglnmngé rom. an ~even bit -

location, PREMEE JRRAHATR &F° FARFTRAD b?tdLBEGFEBAS requites that
the bit. assnemmmmm\mﬁdnﬁjtacnnrdnxnnnsﬁraﬁnﬁtﬁﬁ@nZeﬂebe O and the code
returns to 20 SE? e _200. ' SR o

econd-wor odd—blt locatlons.

' 11. The disc drive of claim § wherein the first—word
'even-bit locations are constrained by the same
maximum tran51tlon run constralnt as the second-
_word odd—blt locatlons..j'

12. A method of selecting COde-wdde'fof a coding
system, the method compr151ng steps of:

(a) forming code words, each code word hav1ng ' _
fewer than a first max1mum transition run ------ IR
limit of consecutive symbols that begin from |

even numbered p051tlons w1th1n the '

respectlve code word and. hav1ng fewer than af 

second maximum tran51tlon run limit of -

consecutlve symbols that begln from odd

numbered positions w1th1n the. respectlve

code word, the flrst number belng dlf*erent '
o from the second number,_ya L g

"'(b)_-d1v1d1ng code words lnto at least two
subsets of code words,;_andiQ
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In summary, the present des a net hod and apparatus for
produci ng a code stream Hm mﬂmﬂghﬁqg ysteminctudes -an- encoder 150~
capable of converting . datacva '|nto a serles &&5§925
synbol s WORA4633, alternating even 188 and *odd.186_lo |ons “such .
that fewer than a first maximggmiransition run-limt of consecut[ve
sanme first code synbols start- . fromany even bit |ocation 188 and fewer
than a secon? nunber ,of .consecutive sane first. synbols 30 start from any :
odd bit |ocafFdn. 18ELSRHRG BodEHY §%ﬁﬁ§nW4kQ¢mwclﬁ@deesdc transmitter 156

coupled to- encodeWoEBOLaddceolnbaﬂhelsﬂ&&eﬁﬂtﬁﬁﬁ@abif figgansnitting an---
L BRI, s i

.. WD 98/ 44633 -25

_characterlstlcs and advantages vari ous enbodinents of -the present
i nvent i bh. halke methodsef cdain 12nwhheeunmﬁn;msubséE§C§hat|on t oget her .
with 5 detaghs n&kt EPSteStAYRENT a various enbodi nents -
of the invention, .this edlsclosugge Pgdse (%rggh%% %ﬁ?? and changes may -
be made |n(RH@P?re%sBQE%E}P9S|Wlﬁﬁ#ﬂeﬁ§Y0FQ§ﬁWKnIdeoﬁnﬁwarrangenent of :

parts mntmrbéﬁmatenmﬁeﬂleed@fwbbaspﬂGSﬁBE eRd A d Op 40 the full “extent
terms Th which the.

dicated. b th :
agpengeg C%g%%@mgg rgg %ggdgggnéﬁﬁlgxéﬁﬂlg°1ﬂﬁ??ﬁ94¢cular el enents may -

vary. depemMngmhsre@ep@smtlcmsaw1ehph|anYIcbdbomdﬂﬁfd¥“E method ~ and
apparat us - t b ntlal 'sane functionality -
wi t hout - depaéﬁt}ll ng ?%%é@h@e&g%(r}g%ﬁgnd&ép % s%?ﬁ’mﬂtﬁvent ion. In.

addi tion, aﬂﬁ@ﬁiﬂﬂﬂttﬁﬁQﬁxﬁkﬂmeﬁu@nbUmlhent descrlbed - _

*

- 14. 'I'h'= methoo or c'arn 13 wherein the’ flrst maxlmum
transition run llmlt 1s three and: the second
max1mum transition run llmlt is two

15, The method of clalm 13 whereln each code word is
" ‘'nine symbols long o

- 16. A method of selectlng code words for a codlng
system, the method compr1s1ng steps of:

(a) forming a' set of first code words, each
first code word. hav1ng fewer than a flrst
maximum transition run limit of consecutive
;symbols that begin from even numbered
positions within- the respectlve code word
and having fewer than a second max1mum

- -transition run- llmlt of consecutlve symbols
- that begin from odd numbered p051tlons
_ _.w1th1n the respectlve code word, the first'
".fmax1mum tran51tlon run llmlt belng dlfferent
. from the second maximum transltlon run
:.dllmlt, '
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"~ .l ocati ons COﬂSt raine

herein is directed to a codi nﬁ Jistemfor a disc drive, it will be

"Appr éci ated by those sle'M” ﬁllﬂ:ml hat 20 the teachings of the .
present invention can b -systenmst like satellite
conmuni WeX98BAE33 or cel | ul ar phone syst ens, W thout dedAWV$R§0628%0m. the

scope and spirit of the present invention. = 26 WHAT IS CLAIMED IS: 1.°
A disc drive for: perform ng dat a—op@érations relative to a rotating disc,
the disc drive conpri SI ng: (a) a transducer assenbly which transfers

- si gnal s repr ?gf)nt afd % éngggn@flggcgg&\t/\ﬁgg?tagggl sc_and a channel .

“ device; and ans tedto ransdtéefegdsenbl Y, for :
produci ng a code sscqf%%ﬁﬁ Fode dec r@sviﬁgnfaﬁernphanstheam of ‘bits fromthe

‘channel. devi ce; eaé‘éb@rﬂﬂ@nél%ﬁiuﬁoﬁi@énﬁﬂﬂoﬁtrﬁﬁagi ;3&0 ofubsets of code
bits, each subset of code bItS consiral ned ?1 er ént maxi mum -

transition run co %Eth?QenoerMaeﬂem wherein a f |.rst

subset of code bi ummagmcgmﬁﬁsomahmmrtw ﬁé&ﬁeétivleoca“ons within a
~code -word ‘and .a seco e f. code bpts are code bits that occur in odd .
~-bit locations wt i a co Q‘?\o"‘} v:.ng.l.:h é’ﬂ?l%eofl€ﬁ‘é| m 2 wherein the
Cmaxi mumtransiti ommmnmmrmimmlcm :nkm Ilm:st sfibsehsoEuege bits is two

and--t.he maX| rrumtr 3 second subset of code bItS
is three. 4. gl&scé)(?i’l ve ¢l al né}& véuerellpp?ﬂ%dcode neans treats as .
Cinvalid a concaterﬂ&tﬁldﬁ%?s d@d@lﬂvﬁ)r@!ﬁ tPREPS TRl vé duadé ywordt t he maxi mum
transition ryp)corshFiaiitg Iu‘hé f&@@@iﬁtﬁ?&ﬁ dhy SLELES é{)ﬁgm' um .

transition run constraint” fo | east _one bit 1 n one of code words. 5.
A disc drive for MO rﬁrﬁ’r’@’ ('fital%ﬁfé’r HATWhsSHRIeEs vaf tooder ot ati ng di sc,
the disc drive compirias; ng an(da)' a transducer assenbly which transfers

signals repr nt f |Q_n bet ween t:he .di sc and a channel - |
~ device;  and ??ﬁ % é.%n%gxol g g%’pl TR Y rih KRR rcoder producing a.
- code’ streamfrom mndwp@dmarteaxg d¢fhebisubsetoninde wiigethgevi ce of
al ternati ng even Rit 3&?@&% q:q)dl;gtsé CE[@cte ns, the even bit
5by |

ferent maxi mi ran |t|on _
N
17. The method of clalm 16 whereln the next state
value for a second code word causes a flrst code ‘

. word to be selected next..

18. The nethod”of claim 16 further comprising'a'
'”m'mmconstralnlng step whereln the operatlons of the
. dividing step (c) and the ‘assigning step. (e) are
constrained so that after concatenatlon of code "

Words ‘several condltlons are met, - lncludlng.

(1) a string of more. than the first max1mum
transltlon run limit of consecutlve symbols |
does not begin from an even numbered p051tlon-

 within any flrst code word _
h-(ii) a strlng of more than the flrst max1mum

 transition run llmlt of consecutive symbols 2

does not begln from an odd- numbered pos1tlon -
w1th1n any second code word
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run constraint than the odd b|t iﬁjl ﬂr HIIA rret hod of selecting code wor ds

fora COdI ng system the~ ntﬂ ‘uﬂ steps of: (a) form ng code
wor ds, wor d havi irst maxinmumtra
limt of %&Zc Pé‘r}ds@ﬁ!r{)ézw

% ve synbol s that begi n fromeven numbered.

Wi thin the respective code word and having fewer than a second maxi mum
transition run limt of consecutive nmbol s that begin from odd numbered
positions within the respective. code word, the first nunber being different
fromthe secondmmr)rbersc-tbx)tg ofli noxe h@hmdehmelsomdttm:eimhﬁast two subsets

~of "'code words; and’ ng.)i%lags,hg@,ﬁg lein{le&(toft LT e,eto c code word

i ndi cating the subset from wh he next .code vvor | ected. 7.
- The nethod of . cl ani 9GeRhEPE|. heghE £5pRean” afd ﬁ%@bﬁ@@d msli‘ez.ml ues are.

chosen 'so that evenwﬁ_gggmggypg_ﬁgto&gdgn‘mt@ agigcode word of two
concat enat ed code wor ds do n%% excee he first maxi mum transition run

limt and so tKa¥V)oBdSHERRSEh RS tF the HeFond Raseanmdr d of two -

concat enat ed code werdasdeioat mmce&@iﬂqeﬁm%d&&d@@y&:&ﬁﬁ%“ on run
limt. 8. Anethog of -se| Ctlﬂg ode words for coding system the
‘met hod. conpri si ng sf&pg§ BF* e)?%?l ’6?%7‘@ VR (DYRReTed (PRBHEI QR ds, each -
first code word havwmghﬁ.nvxenyt:hammdfcméda werd mum transi-ti-on run limit of -
consecutive synbols that begin from even nunbered positions wthin the

respecti ve codg wégngn%gg@ghn%a g nq@om o d mamgumtrany tion r.un

limt of consecutl ol'st positions wthin
the respecti vetseaeghosdcbsneemr§t'1ermdmg tsmrnlmmpwsingt:t being

different fronmyghe ggcendonB¥i, MeBpRbHARS i Ut formng a set
-of -second codgkwgr ds, eacﬁ second” code vvord he;}\‘/%}r%i 1‘%)han the second

maxi mum transi tion VERRRENiREBF 3cGRELES: Ofe ‘%%ﬂ?od{%l‘-tetﬁathm;]ng from even
~ nunbered positions wltBraathagr eeaﬁchm‘dedmﬁezd@m Gyassbhavi ng fewver than

~the first maximimtransition run t ,ofc consecutive synbol's that begin -
from-odd nunbered pggf’#bﬁgsw thf h n}:i'@t &&¥eR ﬁ'\c;’é'ubc?def%ﬁﬁ (C)  dividing
‘the sets of first andmberoof cotsemutdvei Istamen tcddza ynibn ssubsets of code

words; .and (d).. asss%&%ﬁgfﬁofﬂeé{re tgbaevgw%t a0 l%ac%tﬁleeogijsgdlylxﬁ)gg i ndi®ati-ng

the subset from whic e -next e wor-d be se A codi ng
-syst em for passing epdedealseganAsfewesughan ehamnsind rheneexi of syst em

__consecutlve ‘same code symbols start from odd
code symbol locat:x.ons in a code value; and
(b) . a transmltter, coupled to the encoder and
) ‘the channel and capable of transm:.tt:.ng an

encodect s.t.gnal based on the series. of code _'

f symbols

. . 20. .‘I‘he cod:r.ng system of claim 19 whereln each code. :
| R " value has an odd number of symbols ' '

: 21,'4A codlng system for. pass;ng enccded signals
| ' =through a channel,.the codlng system comprlslng.
" (&) an encoder, capable of. convertlng data
|  values into an alternatlng series of" flrst '
. code values and second code values, the - o
;f;rst_code values_hav;ng alternatlng-flrst;¢h
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series of code val ues haV|
| ocations, such that fewer
synbol s sv%wmmmﬁbn1even code synbol Iocat ions - 28 in a codEr/usdsms2snd
fewer than a second nunmber of consecutive same code synbols start from odd
code synbol locations in a code valdgk;—and (b) - a transmitter, coupled to-
t he ‘encoder and the channel and capable of transmtting an encoded signal
based on the seriegople eRde BHHIIIS. w&tle*ﬂE sgg pdrayslegol claims

wher ei n each code-vglue h s_a odd .nunber:
_ _ - ocaulons, the second code values

- having alternatlng second-code even symbol
locations and second-code odd symbol
locatlons, the encoder convertlng the data

conprising: (a) an encod ngble of converting data val ues |nto a

values such that.._. . _ _
-(a)(l)fewer than a flrst maximum tran51tlon
 run llmlt of consecutive same code-
symbols start. from flrst~code even |
symbol locatlons,-' :

(a)(ll) fewer than the flrst maXLmum
tran51t10n run. llmlt of consecutlve '
same code symbols start ;rom second—
code odd symbol . locatlons, ' |

(a)(iii) fewer than a second max;mum

' transition run llmlt of consecutlve; s

. same code symbols start from first- '
_ code odd symbol locatlons, and o
-(a)(lv) fewer than the second maximum
| tranSLtlon run limit of consecutlve
same code symbols start from second- -
. code -even symbol locatlons,_the flrst
number of consecutlve same code
. symbols dlfferent from the second
number of consecutlve same code_'
_ -symbols, and : _
'7(bjf a transmitter, coupled to the encoder and
':'Q’the channel and capable of transmlttlng an
““-encoded sxgnal based on the serles of code

'"%ﬂésymbols.
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