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SYSTEM FOR wdMBAIBNTI NG RUN LENGTH LI M TED CODES PCT/US97/13650
TECHNI CAL FI ELD The present invention relates to
encodi ng data for transmi ssion 5 through a channel and for decodi ng such
encoded data after its transm ssion through a channel. In particular,
the present invention relates to encoder$- and decoders whi ch i npl enent
run length [imted codes. BACKGROUND ART
I nformation that is tISYSTEM FORGMPLEMENTING RUNLENGTH LIMITEDICODESN can 10 be
considered generically to pass through a channel. In some comrunication

systens, the channel conprises el ectromagnetic radi ation passing through
t he at mosphere. In other commIBCHNICAL FJEEBns, the channel conprises a

| ong conduct or betwe t he source.and .destination. Still other .
communi cati on systens eﬁfcﬁfﬁﬁ“@é‘“’&“ﬂ%ﬁ@?‘ﬁ tQyeqoding data for transmission, f r om

t he sourcegi g?lﬁ,q, hatihe F akcod ' ngnEﬁiPs ' for
delivery tg t he g‘ggtgl natH)Hr?il.fitk ﬁﬁ&éﬁa&d&ﬂ%&\e@c com*r%ﬁﬁ%% on
system the ian¢imnnelt i Impantiaulan; the gdesent inventiongieldtésctocémoders andrdebeders

corrupted by nqise within the channel, sqQ that the I nformati on
transmitted YR inlemsnl g leng lFﬁeCOQ%ﬁ*re as the information received

by the destination. To identify Whave occurred, and in sone
cases 20 to correct such errors, ypically encoded at the
source using a code HhRImAh Bt if Gafdfited fronl'2 s6@eE kd'adedihatidh @ag0de i s

designed to have a set of valid codewords that satisfy certain coding
const r ai ntl, beoramsideradngeneridally ta passwihwenghan¢hannel. do someotoremunication
concat enat ed codewo t he .dest.ination recei.ves val ues

ds.. Wh t hat
violate the S Ui chamiel, camprises, elsciEomagnetic fadiation, pating, thrqugh the o5
i sl hStT o : @l :
ypi cal l'y su&hgﬁge i g Heh¥P c¥Mtunicafioh alseks 2t Wﬂg@%ﬁe@ da bRg Mati on

containing a nu of 1nformation synbolS into a blo
i nf or mati on conduetoribegveenthebeurce nd debtidationrbSiild otheh eomatunitatién systemsimber
of synbol s in the input, infornation to the nunber of synbols in the

encoded CAMPFistd magnetic disk, hexe mformatign from thersourcsds storgd,an therdigly
mbol fo &l Wl ' . . th t f th
?c/)deoi : 28?3%8%#%@ %@n?%@?%%gﬁgﬁﬁgﬁ?g%%%@ gr ga{ 2r et (r)\an tﬁe

number of input synbol s, Isoeachecomhanication $9$tém, the information transmitted

through the channel can be corrupted by noise within the channel so that the
information transmitted from the source is not the same as the information received
by the destination. To identify when such errors have occurred, and in some cases

20 to correct such errors, information is typically encoded at the source using a code
that can be decoded at the destination. The code is designed to have a set of valid
codewords that satisfy certain coding constraints, both as individual codewords and
as a collection of concatenated codewords. When the destination receives values
that violate the coding constraints, it knows that there has been an error.

25 Typically, such encoding involves translating a block input
information containing a number of information symbols into a block of coded
information containing a number of coded symbols. The ratio of the number of
symbols in the input information to the number of symbols in the eﬁcoded

information is known as the rate of the code. Thus, if 16 symbols of information

30 is encoded as 17 coded symbols the raie of the code is 16/17. The number of coded

symbols is always greater than the number of input symbols, so the rate is always
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than onewé—%\{ﬁr, it is advantageous to use codes that haygnisstissphest
possi bl e rate since higher rate codes are nore efficient than |ower rate
codes. High rate codes are efficient because each code synbol
transmtted through the channel requires tinme and energy. |If fewer code
synbols are transmitted through the &Jpchannel for a give nunber of input
synbols, less tine and energy is used by the channel to transmt the

I nput dat a. ra % LS od oy . te 16/18
code since IF%SQH‘?EI%' co g]:gér% 1;[ @gﬁ@%h%%gg@s?g%gl S g‘fnh‘f%%ﬁfb ngtlz‘i@llljéss?ng

one | ess syytasibleqatecinte hifghenratd eodes are morekfficientahan lower rate codes. High I'n
many conmuni cati on systens, including magnetic disk drives, 10 the decoder
nust be syrreieodeyarg efficientbecanse each Gadesymbpbiransmitied hroughsthg channel

Dot I T at or eatiess DRRCT, enchey. I Sl 68 Yyl AR branGtind chbudn BBECC | 00
creates g clﬁnﬁélﬁﬁl‘a%i@‘ﬁlmﬁé}%f ihﬁut%?ﬂibﬁ[s?'lésﬁﬂlé &d'&ﬁr@éﬁrwe tyitie bet ween

transitions i n the channel signal. Since the phase cked | oop requires
t ransi t i onschannél he trangmitithe inpa6dasa.ddihus,a sy téil d code ist inerecdfficientsthgmal , t he

encoder nust linmt the l.ength ti . bet n transitions in.the
encoded i nf%!’%ﬁ“al@’é?\ cgtie i A@lﬁﬁagci%@iﬁ%@% S%C’I?p“t &%Pﬂﬂél does
not begin ! grededeynftiof b codElat traflthei6/28 chde. known as a run- | engt h- |
~limted (RL codrng constralnt. . I'n many systens, a

bi nary value of "1" re{nasaytconaninication systems, inchitfing magnstierdisk ddvegnal and a
bi nary value of "0" represents a lack of transitjons in the channel

si gnal . Thube denoder mustibe pynehronizedntor thy ratsqat which the coded symbels|arei ¢ t he
nber of t £ : el s T
i tat o asced by, dnd Shitieto Pl s HAPE, wADRIRARC bl W Phase 188K

" to as the "§eilaRIPLO), Hso known as a phase locked loop. Tl ﬁﬂfé@@ldckﬁlobﬁcieﬁtedi fficult
5 ene

to-find a high rate code that is sinple to L n‘g nt and that_ neets the
run- | engt h-4 cleck signabihat is:synehropized it theayeeage tisne betwegs rapgtienssinthe e 16/ 17

code that satisfies a run-1ength-1ini onstrai.nt iof Mk o= .o o

code. that salual) S5ed, SR PRNERR Bkt loR 30512 Blgflops . st
constral ['5 ﬁﬂdkr?é synchréhifO g dock éigﬂal,oif%(e%ksderr_]ﬂmmﬁﬁit hecleppticoforitle.  Not
~only nust the codewords themsel'ves neet the run-length-Timted
const r ai nt , bdtweerstrasitions in the encodled infoimationiso that 8@ phiase lockedrlopm s siogk e

codewor ds W;Jlgxtlal o%;[s nu] %egrlg ntbldee?e(}}ogitle.l rq‘ltxigqin%ﬁ)art]i%;lri?'kﬁtom as a run-length-

limited (RLL) coding constraint.

In many systems, a bihary value of "1" represents a transition in

20 the channel signal and a. binary value of "0" represents a lack of transitions in the
channel signal. Thus, under a rﬁn—length—limited code, the encoder must limit the
number of consecutive zeros used 1o create the chanhél signal. The limitation on

the mumber of consecutive "zeros” is sometimes referred to as the "k" constraint.

In practice, ii is difficult to find a high rate code that is simple to

25 | implement and that meets the run-length-limited constraint. For instance, to
implement a rate 16/17 code that satisfies a run-length-limited constraint of "k" =
5, requires selecting 65 ,536(2') codewords that meet the "k" = 5 constraint out of

a possible 131,072(2") possible codewords. Not only' must the codewords
themselves meet the run-length-limited constraint, but also their' concatenation with

30 ali other possible codewords:must meet the run-length-limited constraint.
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Sinply fi ndWOP8868k codewords is extrenely burdensone. HBGENSP7/1365 di ng
such codewords is sinple conpared to constructing.an encoder _ to encode
the data into the selected codewords. Such encoders are conpl ex since

they usually attenpt to find commonalities between codewords that allow for
5 mappi-ng bet ween data and codewor ds bas on fewer than all of the synbols
in a section of data. _, . . DI SCLOSURE OF

| NVENTI ON Simply finding, égtéhtcoﬂﬁwewsi isn exgemelys hyadensomes or

Cocoived by o HPNes, it o B Forlsq Siupd sk B cOplrefi it Bnddpli
dat a sub- bl oclgs encdde @h¢ @4l% fintb ¢he selétied Elelvordst Siﬁh%nééﬂérs are cd?xkﬂésl‘s:ﬁ@é’

encodes the first data sub-block into a first code sub-b
i nterl eaver r thayi ysually rastefript g0 find] gommionalitieskbetweert hedeymrdmdhataalh)ws for bl ock

and comi nes th S roduce .a code bl o ode

Bl ocks or eabe ApInE berper dais and Eodaiondf based BF o am alh OF e, il a
concat enat ed (ogRhTdatd Ney produce a 15 string of code synbols with no
nore than flve consecutlve occurrences of the sane code synbol .

In preferred embodi nents, soneEDISCLOSURE'QF INVBNTEION bl ocks are encoded
by sinply inserting a code synbol into the first data sub-bl ocks.
Preferably, each added cod&e praseniinvestiomisanapparaus for eapeding datablecks inta  dat a

Code synmbol 008 BOfs, Anbidi el Botfact BSRived b FdSE nidel Il Vo e

mj ority ofjot RecH d4td blotRtiftoStWo data suﬂobleakss kg eﬁ&fdeel ébelves %@ﬂrsi ke Bt hod.
Typically, the present invention is used in coding systens that are

based on a seblask aichangodey rthe| firsivdataesubblockwintoyarifirss code tship-blickar YAms et
are the 25 inyerse of each other. For e lLe, jn nost digita tenp, the
set of binar ymteﬁeas\gc;ﬁgsqequs °8{‘Sta e sl‘i(’abqgﬁlfe‘l‘@ s*@fﬁg‘ai%&i@ "1t
and "1" i s theol,BHBE fife 1R sub-blocks to prodyce a code block. The codle rbtlibécg(rggé B 6y

enbodl ment of the present 1 nventron, | east

sub- bl ocks ar ¢hd imtertedvéryare sueh thanehen lliﬁ:y drel t:omtenaiekl togdthérl) eheyyopradiie a

symbol s in some, of the first data sub-blocks. The data synbols that are
i nverted add string of\gpde)gymipiswith no more than five consecutive occurrences of the same

PCT/ US97/ 13659°de symbol

In preferred embodiments, some of the first data sub-blocks are
encoded by simply inserting a code symbol into the first data sub-blocks.
Preferably, each added code symbol is inserted at an end of each first data sub-

20 block. Since it is easy to implement an encoder which merely adds a code symbol
to produce a code sub-block, it is preferred that a majority of the first data sub-
blocks be encoded through this method.

Typically, the present invention is used in coding systems that are
based on a set of binary symbols where the two symbols in the binary set are the

25 inverse of each other. Fof example, in most digital systems, the set of binary
symbols is "0" and "1", where "0" is the inverse of "1" and "1" is the inverse of
"0". '

In a preferred embodiment of the present invention, at least some

of the code sub-blocks are formed by inverting some, but not all, of the data

30 symbols in some of the first data sub-blocks. The data symbols that are inverted are



-4- sel ected based on their position within the data sub-bl ock so tflat

the data synbol S that are inverted occur in the sane position in each
data sub-{y )86 fgfat is encoded in this manner. After tRermisysasésoon of
t he selecte ata synbols, an additional code synbol is inserted into

each m xed bl ock of inverted and non-inverted data synbols: 5
It is preferred that a majority of the first data sub-bl ocks are
encoded either by sinply adding a codegsynbol to the data sub-bl ock or by

i nverting a select group of the data synbols. This is preferred because
these sinpl sl | Bided on tHeRCPONIBHEWItRAhE Bata 'Fh-BIBRR (<6 thatithd dds $ympamONent s,
and if nore data sub- Dbl ocks are encoded usi ng theses techni ques, fevver |

conponent s thaeare dnvertedcbctur inthe same position inceach datdsub-block that is encoded

The net hod and, appar at of t.he pres | on i articul ar

sui ted for Eythismanper Kiﬁ’é‘hféﬂ"ff 108,4 ﬂ’Sfelﬂ?‘VFé? ta symaboly Q“W W&‘é&%rds into
10-bit firs m%ﬁ The
10-bit dat §y§n%)l 0CKS gﬁgwﬁgﬁgoﬁo@ﬁwﬁﬁenco er rnto ?1 iscode

sub- bl ockg. The 11-Dbit gagerefetred! thaks nmmtszSoftmerﬁﬂsﬂaahlmxmabksOdre
conbined, with the 6-bit second data sub-blocks to create a 17- bit

code bl ock mcodcdje;ﬂmby simply adding 9w¢qﬂn@9hr@aheem subrblogk erly YeriRgr ds

f d ful f
Tﬁrengr esent a F 9‘3&%’@1 n&hﬁ%&’f qyﬁgbo $he %"ﬁ]ﬁ gmegtqcegﬂuss% égﬁtsmg&g@ng and
decoder for :eéhrﬁgﬁeg AR b Tmlemmefited Svilty fewSéomponerits] fndl# irote Bhia siBdRocked by 20

using sinple en ing logic to encode a majority of the data sub-bl ocks

i nput to thgre encode@/utingahesesl eechniques, fewer components are re@itrédtoDEPERIGATI ON OF
THE DRAW NGS FIG 1 is a block diagramof a

communi c3@i %@M%m of the present invention useful in describing the

t hod d t | | s venti 1
et/ USe7 13600, ot U Ofnd Mgl Gi& Gppatatud SAE bredbm mvennoanpg?g{:&lﬁﬂl?

Figure 1 isgitelif@iCdrestingQy rare Iﬁ‘/l‘kcrﬁediyrdjhdmgddibitgdxgmamndmtolll)—bit firstwhi ch
utilizes a 16/17 rate L code. i s useful in descri t he

encoding  datasub-dblorks ang rkit Wﬁ%d 84‘3@“'?5‘1’ ks ehhe itfhbik data,suby o €as the
. encoding a“Qm%SEcP gy 12 encoder into 11-bit code sub-blocks. The 11-bit code sub-blocks are '

15 then interleaved, or combined, with the 6-bit second data sub-blocks to create a 17-
bit code block or codeword. Preferably, the concatenation of the codewords forms
a code string that fulfills a "k" = 5 constraint.
The present invention simplifies the implementation of an encoder
and decoder for a rate 16/17 RLL code by using a rate 10/11 RLL code and by
20 using simple encoding logic to encode a majority of the data sub-blocks input to the-
10/11 encoder.

FIG. 1 is a block diagram of a communication system of the
present invention useful in describing the methods and apparatus of the present

25 invention.



5 apparatus of the present invention. The ori gi nal

- data is received b¥ | atch 30 of encoder 14 along a 16- bit line. Latch
30 di vi des VQEHO68L i t data block into one 6-bit data sub- bl BEKUSHASESE one

10-bit data sub-block. The 10:bit data sub-block is input to 10/11-rate

encoder 32, which encodes each 10-bit data sub-block into an 11-bit
code sub-bl ock through 10 a process described further below. The 11-bit
code sub-block and the 6-bit data suB-bl ock are received by |l atch 34,

which is coupled_to 1/ 11-r te en oder 32 and ” atch 30 Latch 34
conbi nes the 11- Bilalld RED QDIMEN] in a

manner descri bed bel ow, | de
block is input to parall eﬁ gtﬂgé)ggér:?g cor'éger&fl% @g@:@%ﬁewﬁﬂ&#@aﬁ%ﬁ ﬁg)/’
out puts the lhichQititizel ol 6/07 rfte RLICGWB. Riglie blioadeful \h dBsceibirg the enhcvdi

bl ock, parallel-to-serial converter 36 concatenates the precedlng code

bl ock to the and desndingmeshass of therpresent invention\as wiehfas the engoding and decoding

paral |l el -to-seri al Pre-coder 16, which is

ersi o

connect ed td W%PP%EWPEW"%HH 36 of encoder 14, receives
t he code synbol s of the ¢ 5ﬂﬁt & ved ?Qch&éfIQr £tional
operations on the code syﬁg&?ﬁs‘ todgptllg%&gle tﬁgﬁ?r??g?enc 3 dﬁnﬁgﬁ;r
transm ssi on biotigelg fatchS0adinidesach Thopbic dath })lockrmtoaméefr-bitﬁataemba)lomcaam er
function of 1/(1 err]D), where "1" represents the_ input &as{al

represents thene O'blt ﬁ‘ﬂ%ﬂts‘@'{%} The 19yRidaty, s‘%@@k Wénﬂﬁlt? d’a[“e‘?‘}c}’der

represents th type
of transfer f%%&ﬁgﬁéﬁe@g&ﬂ%&@ f‘ﬁE@é&f?@P Jgfe&t%%9 lﬁ)_%%lve‘{;uﬁ
pre-coder 1§ £prodeay dedribbd fisdtiar Helove.! T8 1afbidédde sbbHIEEK dnd the 6—bM’@l@fa€ "1"
represents the input signal and "Derr]" represents the input signal

del ayed bsub-block aneerecaivedshy katch-Ido which isicoupled ke 10413 sratsrencodarsi2eand

f ti | RZI d d
e ented colstd fh ach 3¢ comblnegBY 19 00 Cotte SERGAS S e Bt SR s FipSR ot o
skilled in thg é&ﬁax\\g\%l HescRBEDBEIOS, &b Proddicl 371736kt Bo6&: BIRER! S THEM 708t bsRd i n
their place. 98/ 06181

PCT/ US97/ 1365Block is input to parallel-to-serial converter 36, which sequentially -o8tputs the
Pre-coder 16 is_connected to channel 18 which in magpeti

dri
conpri ses 35 ninginidual hits mlhﬁeﬂ%ﬂﬁﬂét iWith gaehsneys éﬂd"c Blocky P‘l’éﬁe‘iﬁﬁﬁﬁ’éiﬂi I:I
i nf ti t fi th
mgnet ¢ modi CHVeED S8 oo e pARGdink £ bISEERE I ol BB, RRICHOT - 0°

5 which opti nkizfiy peorehiag ted parallelué-serigvahvdrsiondesi red characteri stics.
These desired

ves

Pre-coder 16, which is connected to parallel-to-serial converter 36

of encoder 14, receives the code symbols of the concatenated code blocks and

20 performs additiona! operations on the code symbols to optimize the efficiency of
their transmission through the channel. Typically, pre-coder 16 has a transfer
function of 1/(1DD), where "1" represents the input signal, "D" represents the
input signal delayed by one time unit, and © represents the EXCLUSIVE-OR logic
operation. Pre-coders with this type of transfer function are known as NRZI pre-

25 coders. Alternatively, pre-coder 16 can have a transfer function of 1/(1 + D?),
where "1" represents the input signal and "D*" represents the input signal delayed

by two time units. Pre-coders with this type of transfer function are known as
interleaved NRZI pre-coders. The two pre-coders referenced above are simply
examples of possible pre-coders and those skilled in the art will recognize that other

30 pre-coders may be used in their place.



characteristics are usually dictated by the natural characteristics of
channel 18 and . the type of detection nethod used by a detector 22,

whi ch r eqwh y&66185e equal i zed signals fromequalizer 2@crms9iieso

Det ector 22 may conprise any one of a nunber of detectors 10 including a
Viterbi detector, a Decision Feedback Equalizer (DFE), or =a Fixed Del ay
Tree Search (FDTS) detector. Those skilled in the art will recogni ze that
any of these detectors nmay be usedéas detector 22, as |long as pre-coder
16 is selected to match the chosen detector.- Detector 22 converts the
equal i zed signal from @Pgerabderd6 is conridtted 16 Channel mtvﬂhcﬁﬁpﬁﬁg@éﬁc&hsl@n of the
output digital signal produced by parallel-to- 15 serial. converter 36.

The di gi ta|dmgmpmmmmmdmaw magnetic heads asedato- "tvmlpémmc

convertor 50 of rial.-to-npagall.el conve. or 30 con ts the
seri al e?ﬁn'&é‘ %ﬁ 4 nBERELc %T“HPB&{E" € 17-bit
code bl ock: amﬁcmm Tl'iE Bﬁtlﬁﬁt%ﬂlélﬁiﬂﬂél i®id Akiled by it Iine.
Latch 52 di V|gdes each 17-bit code 20 block into an 11- %I tnoc e su d)bl ock

and a 6-15i twhich optimizesithe chann€hautplit\signalofor desired charactenigtics.s Theseudesingd a
Cods. sub- bIcoRROTEiR 26y Sy Alaiat budie mbuaheharuscrisey of chanaekLbomd ock
1170 1t o B R dchbh el Gy £8ctectbC R0, GHER reloived O Bitbdy |

10-bit dat %dgaﬂn febi@qualizer BOOUgh a process described further bel ow .
The 10-bit ta sub-block from 11/ 10-rate decoder 54 and the 6-bit dat a

sub- bl ock f rom | at ch 5Desgctorc 32 imaye gompriseaainsh o8e of i gumbarsof deteerarsa bl ock.

Latch' 5 t bl.

rrgpgl ng séﬂc uding &/Oetﬁ{bmﬁegg}(’?bgﬁ OCFS ﬁ"éﬁ%ﬁ ?lqllﬂf gpi:g)-/\’te é\rsgllgﬁf{ into

g C‘tl)'} tusgg? . %@‘ Yred Fedrch PD TSP &b@6t< SThose skilled /R B4R %ﬁ‘ fecognize that any

Ret ur ni ng tof these detnq:tprsnga.y beusfedrasﬂdtet:tpr 2hcasdeng dsdpredcaderH 636 sciécted to encoder

14 divi des a data Ioc enot d as i nto t dat.a sup-blocks d not ed as
A and B, thec °s°“ @F ODE%F?']WCET F&a fg‘F'P]eq ¥ ] Derr]

_ tore 1
S A e GFX]%@[}T Aigha r%f*“[“é“??ﬁr"f]“éﬁ‘ﬁf""] "e‘%‘“ s b ed el 0 o err]
Al er r]] ,15ansdrial converter 36. B [err] [Blerr] Blerr]

B B B B . )

Dat e Subbl ook A 15 endbeditiy signal from Q?@“Bh%%d%?“l’géfq sophaontilel i

code sub-b lc%ﬁ#er%r ¥6SF Qklbder 24. Serial?to-parallél"convert_or'" 50 converts the serial
digital values from detector 22 into parallel groups of 17-bit code blocks. The code

blocks are input to latch 52 along a 17-bit line. Latch 52 divides each 17-bit code
20 block into an 11-bit code sub-block and a 6-bit data sub-block. The division is

accomplished using a reverse mapping of the mapping used by latch 34 to combine

the 11-bit code sub-block from 10/11-rate encoder 32 and the 6-bit data sub-block

from latch 30. The 11-bit code sub-block from latch 52 is input to 11/10-rate

decoder 54 which decodes the 11-bit code sub-block into a 10-bit data sub-block
25 through a process described further below.

The 10-bit data sub-block from 11/10-rate decoder 54 and the 6-bit
data sub-block from latch 52 are combined by fatch 56 into a 16-bit data block.
Latch 56 combines the two data sub-blocks by using the inverse of the mapping used
by latch 30 to divide the 16-bit input data block into 6-bit and 10-bit data sub-

30 blocks. '



C[err][C[err] Cerr] (err] C(err] (err] C[err] Cerr] (err] C[err]
Cerr] derr]]. (4)
ehcodi ng pewb®snoexsit o produce. code sub-block C |s di scussed rcwsamw

bel ow. Latch 34 conbi nes code sub-bl ock C and data sub-block B to form

code bl ock W wherei n: Wlerr] [Clerr] Clerr] Blerr] Clerr] Blerr]
Cerr] CJerr] Blerr] Blerr] (err] C[err] B[err] Clerr] Blerr] (err]
Cerr] derr]], (5) To ensure that the

17-bit code bl ocks Wand the concatenation of 15 the code bl ocks with each
ot her neet the "k" 5 coReturningto thetmappings peffformdd byencoder 14p lateik3@ofrust

sat1| sty all S%\ﬂggder 14 \%dcfesoalx ld(a)t\all\'1 brl]gcke&nottelcl%rs]i) into twg:Liata slxb-blc%cé)drelloted % re; ]r]

ZYC[err] agﬁaﬁd&err?l& Clerr] =1

(8) 20 Cerr] D'ACEDHDL Dl:® UJD D')DaDv Ds Ds D, D, D, D, Dy, (1)
(9) Cerr] + C[err‘]
(10) C45+A:a[A9&A7&AsA4 3A2A1 Al, and @

11 err r + =
glzg \(/\:[heré%ﬁﬁg HilBsgﬁ’Lub bl ock C have val ues of either "0" (9) "1
and "+" denotes 25 a | ogi %Qﬁ-msamﬁs&mé%ﬁl@ﬁﬂre&eh&ﬁﬁ?a@%atahq@s are

true, a code block WwlI not have nore tHhan consecutive zeros even
when concat endirsbdeistb-bidckdl, whetein: bl ocks
Specifically, equations 6 and 12 ensure that the "k" = 5 constraint IS

not vi ol at ed WhedGuubs Sofe QoG GeCae=Cobleat enat ed. For i nstance, if%h code
50 bl ack iy 1] 15 Concal AL b odsls SUERbIRE'S albfied o0

Werr] are both’
PCT/ US97/ 1365Qurther below. Latch 34 combines code sub-block C and data sub-block B-to form
constructed using equation 5, the concatenation will produce a string of
bits consmsdcbtg)beW[Bﬂlml} Clerr], Cerr], derr], derr], derr],

BLorr ) CLer b FSEI6, €T, B2l BOB L, SRS g, L 17 ® e

constraint. Specifically, 1y u&%atm@mﬁca&ibﬂa&s W‘&hd"tﬂé%n&?éiﬁnﬁhbﬁat' on
is when-- 5 (ferr] ="1", err] = , and the remaining bits in the

string are 16qubé cdde Blfcks with eddbmmmeeeﬁmn"hjrrdeﬁrcaﬂstralmwﬂlsblteaﬁeodetm@re are
only 5 bits between Clerr there are at nost 5

consecut i ve z&fegk ?ﬂ‘qshéat@ghﬁlgls%?&tqfdhe @1?'08'6%6%1“88&3 ‘Werr] and code

bl ock Werr]. Those skilled in the art wll rqugni ze

that the order ‘6f E’ | ' '
C,+C,+Cy=1 (8
C,+C,+C; =1 . (10)
C,+C,+C +C, =1 ) _ _ a1
C,+C +C,=1, ) : (12)

wherein the bits of sub-block C have values of either "0" or "1" and "+" denotes
25 alogical OR operation. When all of these equations are true, a code block W will
not have more than 5 consecutive zeros even when concatenated with other code

* blocks. |
Specifically, equations 6 and 12 ensure that the "k" = 5 constraint
is not violated when two code blocks are concatenated. For instance, if a code

30 block W, is concatenated with a code block W, where W, and W_, are both



10 Equation 5 may be reversed without affecting the requirenents of ‘
Equati ons 6-12, as long as each code block is constructed in the sane

' - th d bl ks. Th |atch 34 bl k W-
T wifspRbl o1 17 code, | Prpcke Tnus aleh 35Ty dOhhandR) ook,
Blerr] Blerr] Clerr] Cerr] Blerr] (err] Blerr] Cerr] €gerr]],

(13) wi t hout changi ng Equations 6-12, as long as all code bl ocks W have
the order 15 shown in Equation 13. _g. Those skilled in
the art will also recognize that the particul ar code bits assigned to

a particu 'tﬁgﬁg' aki ' i : (Wclals as:
the rel at 1i:(\?;‘fasnii)&re%gr of Igg‘(l:lgi-ygi %E%c%%ﬁs%mqﬁaﬁgﬁgﬁﬁs and 13
remai ns consisting ofi Ry C, ,tGe o€y { CarBs oG Jp dduatiohsi6 and d2 tdgetheriensutéi s t he—-

sane for all  codewords; .20 and .Equati ons 6s 12 are nodified to reflect the
i

change i nthab¥ § WoRStAase; sitation thig gepeatenated string will mot vielatedhe ki (55 err] and

~(err] ar nped-dk i _ is. . . wiaSi gni fi cant
br ¢ i1 w SoTERRET Speciicaly SbeR Banacls 1l 12, e P cdstGinBRn s whel O3 ' 13

becone:5 ¢, £ € |Cgt=C"¢t nd- the eenidinifig bbits in the string are equal to "0". .

(14) 25 C{_lgrr] + Clerr] + (Jerr] =1, L o

(15) wpver; even ynder this worst case, there are only SrbitsthetweendGsaid (e, el ow,

. specific godin th are described for--- . a 10/11-rate encoder used
with latc egaat%ﬂ?msi?imeaa@% 2808 1p She, eongatepafion, ?%?Pdg.]bb& Weande skillod

in the ar%odgiﬂlbcg“pogni ze that appropriate changes may be nmade to the 30

encoder if the Iocation of specific code bits within Equation 5 is changed

whil e - WD 98/ 06Thdse skilled in the art will recognize that the order of bits in

PCT/ USQ7/ 13650 - . L . - -

mai nt al®i Bguatier 5By be (ryersed withgut affectipg thegreauirgrpents, pEEQRations §-12quati on 5.

Thus, if r] rt] | L I quation 5,

sui tabl e %1%‘ &5 %cplcﬁﬁéelggcgoﬁ gg%tﬁxc@@%&@??g?%kﬁ%@gﬁgi ?gﬁﬁ%‘e&sbgrgi bed

bel ow.  blocks. Thus latch 34 may forfif cadecblockOWast 2[ err]) possible-1 -bit
patterns for the code sub-bl gck 5 C onI;i3 1,067 satisfy the conditions in
the equat WoadCsCi £, BorfisBii Gi GoBeBs fak Ba&s Bs G Gdnber necessar(t3o map each

- 10-bit da%v?thﬁﬁ{bélﬂhgﬁaﬁ éﬂfaﬂoﬁpg-‘ﬁ,l_apilangc 295N 208 BIRKE W. have the order ' B

15" shown in Equation 13. -

Those skilled in the art will also recognize that the particular code
bits assigned to a particular position-in Equations 5 and 13 may be changed as long
as: the relative order of code-bits to data-bits shown in Equat_ions 5 and 13 remains
unchanged; the position of particular code bits in W is the same for all codewords;

20 and Equations 6-12 are modified toreflect the change in position of specific code
bits. Thus; if code bits C,; and G, are swapped-in Equation 5 so that G is the most _
significant bit in W and C,, is the least significant bit in W, Equations 6 and 12

become:

Co+C+C=1 S - - (14)
25 C,+C, +Cp=1 -~ - - (15)

respectively. S

In the discussion below, specific coding methods are described for -
a 10/11-rate encoder used with latch 34 to create code blocks based on Equation 5.
Those skilled in the art will recognize that-appropriate changes may be made to the

30 encoder if the location of specific code bits within Equation 5 is changed while - -



since there are only 1,024 (2[err]) possible 10-bit patterns. Tables 1, 2,
3, and 4 bel ow show t he one-to-one mappi ng used by the present

i Aventi on twowspemach 10- ~ bit data sub-block A to an 11PETUSEHLAESO
sub-bl ock C using Equation 5to create the 10 code blocks. Tables 1, 2,

3, and 4 use a hexadecimal format to represent the sub- bl ocks with
the | east significant hexadeci mal value of data sub-bl ock A represented

in the top lines of the tables and the twd nost significant hexadeci nal
digits of data sub- bl ock A represented in the left nost colums of the
respective t almaintaining the relative position of code bits to data bits in Equation 5. TiasL i Gy 15
(H 0 1

2 3 4 6 7 . 8. A _B..C. D . =
00: 139 3F1 3p@md fr‘ﬁafeswl@ﬁi withgaglother iy g‘i@“@%ﬁ’ S‘Eﬁé‘%ﬁb@’g"éf—’ﬂﬁ ngeg-toybe-
01: 13A 2D4 3E2 3F4 3 3E9 3EA 3EB 3EC 3ED 3EE 3EF
02: 252 3D1 38?‘%@"1 ﬁq@mﬁcﬁﬁ%m 3DA 3DB 3DC 3DD 3DE 3DF
03: 253 1B9 1BA BB 1BC 1ligif tA8E,04BK2!550ssi6R BCKit patterasfor tRECodsEnbslbeil 0

04: 254 3Bl 3B2 3B3 3B4 3B5 3B6 3B7 264 449 44A 44B 44C 44D A44E 44F
05: 255 451545, e 14067 satisfy4be cangitionssinghe equations; §51 24 5Ehis 4s moge, thansghe

07: 257 471 4FERSTERR BAE B 1CTaE Bty gek iRt Lol e flboiok
00: 259 401 49PFieTtce by 162AED BESTIS SOt Pkl Tablg TR A 2me s =
QA: 25A 351 4AichAshow theoht td-bfic thaPping Asetily tha presem AehtihRo4wdp eath 10-

OB: 25B 4Bl 4B2 4B3 4B4 4B5 4B6 4B7.26B 4B9 ﬁ»@ﬁ 4BB 4BC 4BD_4BE 4BF
0C. 25C 331 33t daia suizhlogkA t;an dh-pitgede sulorbloek G pging Equatiqn ) ¢g-create the

OF 55E 20A%3E004 Poche TR £ 2% %) d9a SR pliiegichal Totht kel ot fecsut
OF: 25F 4F1 4Rgocks iththe 4dabt dfififidmt héxadectnal vefue difttatub-bl6BDANepretEiited

10: 149 2F1 2F2 2F3 2F4 2F5 2F6 2F7 14D 2F9 2FA 2FB 2FC_ 2FD 2FE 2FF

11: 14A 2D6 2HA tixaeplings ofthe tablesamd the twomostsignificapt hexadecimp) digits of-data

12: 292 2D1 522 523 .524 525 526, 527 529 52A B 52C . 2E 52F 35
13: 293 531 53‘2"%@?“5&4"@%“&‘%@% ‘%"%‘3“&9‘%&% °‘3§%’%“?€°‘“’% le$3E  53F
14: 294 2B1 2B2 2B3 2B4 2B5 2B6 2B7 2A41E8l8154A 54B 54C 54D G4E 54F
15: 295 5513555305 53055¢ 2553 536 658 2A5 8550 H5A B 558 56C £55P 55E 55F

16: 296 291 562 583 152641 3535 Gk 3r50Fs AHAAEHI 36 Ars 8 H6Careb6E» 56E 56F
17: 297 571 572 543 13p/4ha ¢33 4B 36 bee $EF 198 Eo2¥A) 3eB ABc OFED 3ex/Bkr S7/E S7F 40

151 14B 271 272 243 ;61 4b1 262308 5Ba 506 4pd- 457 262/ $boabA" 308 FBc2dde sk’ bbr 27E 27F

03: 253 1B9 1BA 1BB 1BC 1BD 1BE 1BF 263 3C9 3CA 3CB 3CC 3CD 3CE 3CF
20 04: 254 3B1 3B2 383 3B4 3B5 3B6 3B7 264 449 44A 44B 44C 44D 44E 44F
05: 255 451 452 453 454 455 456 457 265 459 45A 458 45C 45D 4SE 45F
06: 256 301 462 463 464 465 466 467 266 469 46A 46B 46C 46D 46E 46F
07: 257 471 472 473 474 475 476 477 267 479 47A 47B 47C 47D 4A7E 47F
08: 13B 371 372 373 374 375 376 377 13F 379 37A 37B 37C 37D 37E 37F
25 09: 259 491 492 493 494 495 496 497 269 493 49A 49B 49C 49D 49E 49F
0A: 25A 351 4A2 4A3 4A4 4AS 4AG 4A7 26A 4AQ 4AA 4AB 4AC 4AD 4AE 4AF
08: 25B 4B1 4B2 4B3 484 4B5 4B6 4B7 26B 4B9 4BA 4BB 4BC 4BD 4BE 4BF
0C: 25C 331 332 333 334 335 336 337 26C 4C9 4CA 4CB 4CC 4CD 4CE 4CF
0D: 25D 4D1 4D2 4D3 4D4 4D5 4D6 4D7 26D 4D9 4DA 4DB 4DC 4DD 4DE 4DF
30 OE: 25E 2D5 4E2 4E3 4E4 4ES5 4E6 4E7 26E 4E9 4EA 4EB 4EC 4ED 4EE 4EF
OF: 25F 4F1 4F2 AF3 4F4 4FS5 4F6 4F7 26F 4FQ 4FA AFB 4FC 4FD 4FE 4FF
10: 149 2F1 2F2 2F3 2F4 2F5 2F6 2F7 14D 2Fg 2FA 2FB 2FC 2FD 2FE 2FF
11: 14A 2D6 2E2 2E3 2E4 2E5 2E6 2E7 14E 2E9 2EA 2EB 2EC 2ED 2EE 2EF
12: 292 201 522 523 524 525 526 527 2A2 529 52A 52B 52C 52D 52E 52F
35 13: 203 531 532 533 534 535 536 537 2A3 539 53A 53B 53C 53D 53E 53F
14: 204 2B1 282 2B3 2B4 2B5 286 2B7 2A4 549 54A 54B 54C 54D 54E S54F
15: 295 551 552 553 554 555 556 557 2A5 550 55A S6B 55C 55D S5SE SSF
16: 296 291 562 563 564 565 566 567 2A6 569 56A 56B 56C 56D S6E 56F
17: 297 571 572 573 574 575 576 577 2A7 5§79 57A 57B S57C 57D S7E 57F
40 18: 14B 271 272 273 274 275 276 277 14F 279 27A 27B 27C 27D 27E 27F




WO 98/ 06181

PCT/ US97/ 13650 -10-

19: 299 593 594 595 596 597 2A9 599 59A 598 59C 59F
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¢ 40 39: 399 791 792 793 794 795 796 797 3A9 799 79A 79B 79C 79D 79E
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7BD 7BE 7BF 3C. 39C:249 162 163 164 165 166 167 3AC 709 7CA 7CB
7CC 7CD 7CE 7CF 3D 39D 7D1 7D2 7D3 7D4 ‘7D5 7D6 7D7 3AD 7D9 7DA
7DB 7DC 7DD 7DE 7DF 45 3E: 39E 2DF 7E2 7E3 7E4 7E5 7E6 7E7 3AE 7E9
7TEA 7TEB 7TEC 7TED 7EE 7EF 3F: 39#t17F1 7F2 7F3 7F4 7F5 7F6 7F7 3AF
7F9 7TFA 7FB 7FC 7FD 7FE 7FF WO 98/ 06181

PCT/ US97/ 13650 . The 1,024 possible combinations of symbols that can be-fosnd in

The 1,024 possi ble conbinations of synpols that can_be f . data
sub- bl ock A caatarsutiblerkc capths divided infq,three jtypss; |‘4‘?”é‘§°g;1’yt HLQ folloming ng
equati ons =

(A[err]+A[err]eQK{thF]) *(Alerr]+Alerr]+Alerr])*(Alerr]+Alerr]+Alerr])* 5
(Alerr] + Alerf|=+ i) AR ] £ A SrA)* A orrA+ARp™]) * (Alerr] +
Alerr] + Alerr]) thete by Aé “, ‘#err =(A% Aﬁlesrr]AM2 A[err]) *&ierr]
+Alerr] +A[&rr]) * (Agé-rAL# &r(A) ﬁAA[*eﬁz]'ﬁAk:)(‘A{\er'r]A Aodrr] + @bkrr))*

e el A PR L L A R g
(18) where "*" gﬁnq:t aeno ggl(ggl_,_ A\I;lq,gge_pq%bquF + A .ﬂqﬁgre$ a (ioyi cal

OR operation, 10 an I nversi‘fon or a fogi da operatlon of
the value "x".TJ&a (T, adgytion, T[err] T[err], and T[err] act as Hd8)ean

vari abl es that i ndi cat e whet her a rticul ar data sub: b{8 bel ongs to
type |, Il or where "¥% éMIW‘@gVa 012%%“‘8?' "fhedeRotas lqgica gﬁﬂﬂ

equal to "Q" e,-dat.a ub-b t t nt
variabl e, i WMo A q?a R fEtiaT of 8 ipfibal NOX' IRGaSAPOPRR NS EEof
the type 15 [ SRIRDANTE )ind ﬂ?aaadslmidmn vafiibled thiatiikiécatewhetheal piritioolad 6
equals "1", data sub-" lock Ais at | data sub-bl ock.

For those dat adawhxbléblodkbelomg;ttoftmﬂ \Hoh{lh nemetmely .1 When ong of the Booleapcoder
32 creates code word .sub- ,Cfromd o b

bits of data s\@siaBlesdxequ (50 e hedata %‘Sﬁ?‘iﬁ gﬁ}e tyg%’re%i%sg%d% t?.‘ock C
and 20 assi 9“'@???1& andt\ﬂlénhlﬂe%ﬁ méllgeqdmani" I?detdaﬁi sepsmqpobmiyp@ In

ot her vvords rate encoder 32 perforns the | owi ni; assi gnnent s:
Clerr] ="15 @bﬁb&éﬂte&byﬁﬂmrvahabl&[ &or Jinstandg ewhén qu[aBom]l6:equqle ", dagg sbr] =

Alerr], C[err] err] Alerr], Cferr] Alerr],Cferr] =
Aerr], C[err]blﬁcm%\elﬁta]t)’ datajsub-blqeky r | | (19)

Since this mapping is extrgiehy. a5 bib-bibbkse Rl fan within' type ©™M0/11-rate
encoder 32 creates code word sub-block C from data sub-block A by assigning the
bits of data sub-block A to the least significant bits of code sub-block C and

20 assigning "1" to the most significant bit of code sub-block C. In other words, 10/11
rate encoder 32 performs the following assignments:
Cipo = "1",Cy = Ay, Gy = Ay, C; = A, G = A, G = A, Ci = A,
C, =AC,=A,C =A,C = A, (19)
Since this mapping is extremely easy to implement, requiring only
25 that a one be concatenated to data sub-block A, it greatly reduces the complexity of
10/11-rate encoder 32. Moreover, since there are a total of 602 patterns in data
sub-block A that belong to type I, a majority of the data sub-blocks can be encoded
using this simple system.
For data sub-blocks that satisfies the conditions of type II, 10/11-
30 rate encoder 32 inverts bits A, through A, to create code bits C, through C,; data



25 that a one be concatenated to data sub-block A it greatly reduces the
conpl exity of 10/ 11-rate encoder 32. Moreover, since there are a total

of 602 p fn data sub-bl ock A that belong to ty . jority
of the dzﬁvg%@?gl ocks can be encoded using this si np‘lp(g”é?gﬁﬁ

For data sub-bl ocks that satisfies the conditions of type 41, 10/11- 30
rate encoder 32 inverts bits A4 through Alerr] to create code bits C4

t hrough C9; data WO 98/ 06181  45.
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bits Al e Ty : i diregtl Y-t bit

Phr ough. | eDitf AS 6k ugh A1, ate RsfnBd e o bldE Hhrs o el T i ot ¢ i
assi gned " Osignificartbiesf oode ¢8b-bldek Clik-aBkigRed>0". In oth&ORGrds Uhe Qi Osts JF ar e
assigned the foll ow ng val ues: Cerr] ="0", (err] =A[lerr], derr]

= Alerr], Cpedersub-blagkeC are assigned the-folpwing] vah@serr] = Alerr], Jerr] =

el S, AR - LR L e g AT o

denotes thecl v@rscor &f CX= A and C, = A - O the 1, 024npossible
patterns for’daté:sﬁb-%fock A,'207 ‘b’eléﬁ’g to type I1. Thus,étoﬁere are
809 patt er nwhémer" xd'ademotes ithebinversioh oft'xt”. are ei t her type | or Il. Since

there are only 1,024 possible tterns for data sub-bl ock A nearly'80 10
percent of the possi bl eObthe bP#R passible pasterns far data subthleckAa 287 beleng 80

per cent of t - 0 Sj;Ng._very si e logic
circuits. foﬂ?pe I Tl'ﬂﬁ, &e?@ﬁe%@%ﬁg&?g%faﬁ ﬁg’ g@gk B\a#theg?rﬁsmq{lﬁ'? ngha.
sub- bl ock Aol irtelthert witconly 1,024!possifie pafdeas Tfé}eda%&ﬁﬂﬁbém%@ﬁy ggsi gn
sinpl er, sub-blocks are .gr.ouped t oget her based .on conmonal ities with
ot her sulf bpasesns of the pessible patternsare type Iondl. pThis eneans that 80 percent of the
data sub-blocks can be encoded using very simple logic circhits. '
The remaining 215 patterns for data sub-block A belong to type
IN. To make the encoder/decoder design simpler, sub-blocks are grouped together
based on commonalities with other sub-blocks. In one embodiment of the present
15 invention, the type III data sub-blocks are organized into six groups: K, L, M, N,
P, Q. The one-to-one mapping between code sub-blocks and data sub-blocks in

groups K, L, M, N, P, Q are shown in Tables 5, 6, 7, 8, 9 and 10, respectively,

shown below.
JABLE §: GROUP K .
20 _DMA__QLCEMQQQ.EQA_M__Q_COE_MQQ%

020 252 120 292 220 352 320 392
030 253 130 293 230 - 353 330 393
040 254 140 294 240 354 340 394
050 265 150 295 250 356 350 395
25 060 256 160 296 260 356 360 396
070 257 170 297 270 357 370 397
090 259 190 209 290 359 390 399
0AD 25A 1A0  29A 2A0 35A 3A0 39A
080 258 180 208 280 358 380 3B
30 oco 25C 1C0 29C 2C0 asc aco 33C
o000 25D 10 200 200 350 300 39D
0EO 25E 10 29E  2EO a5E 3E0 39E
OF0 25F 1Fo 29F 2F0 35F . 3F0 39F
028 262 128 2A2 228 362 328 3A2
35 038 263 138 2A3 238 - 363 338 3A3
048 264 148 2A4 248 . 384 348 3A4
058 265 158 2A5 258 365 : 358 3A5
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invention,

K, L, M N,
dat a sub- bl WEKe8/06181
7, 8, 9 and 10,
TABLE 5: GROUP K 20

the type 111

P

CODE DATA  CODE
352 320 392
353 330 393
354 340 394
355 350 395
356 360 396
357 370 397
359 390 § 399
35A 3A0 39A
35B 3B0 39B
35C 3Q0 39C
35D 3D0 39D
35E 3E010 39E
35F 3F0 39F
362 328 3A2
363 338 3A3
364 348 3A4
365 358 3A5

PCT/ US97/ 13850
TABLE 5( CONTI NUED) :

CODE

2A6
178
269
0A8

DATA
268
2A7

26A§0 1A

25

30

35

40

45

25

30

35

CODE

3
278
2A9

66

Q

dat a sub-bl ocks are organi zed into six groups:
The one-to-one mappi ng bet ween code sub-bl ocks and

168

groups K, L, M N, P, Q are shown i nPCITNISO¥13650 6,
respectlvely, shown bel ow. _
' DATA CODE  DATA CODE DATA
020 252 120 292 220
130 253 130 293 230
040 254 140 294 240
_ D: 6 150 295 250
DATA GCODE DATA @QDE DATAGGGCODE 1@BTA CROE 260
068 266 168 @0 268257366 1A6B RO7 270
078 267 178 QR0 278259387 1% 3299 290
098 269 198 QA 20025A3s9 1AG  3RPA 2A0
oas  26A 1A 0  2ae25836a 1B 3£9B 2B0
0B8 26B  1B8 2882°C368 1GEs C 2C0
0Cc8  26C  1C8 20822 110 D 200
0DB 26D  1DB 2D 5Esso 1 E 2E0
1R Br 2F0
OE8  26E  1EB QAR 26,0, 36E (B8 3MEn> 228
OFB  26F 1F8  @Afg 2FBpG336F [ 3EF 3483 238
048 264 148 2A4 248
TABLE ) &Roup . 285 158 2A5 258
BA08LO6El BpaTA CODE DATA CODE DATA @2&
000 139 . 100 149 200 338 300 - 13-
GROUPofs 138 110 14A 210 33ADAT'§10 CQHE DATA
DATAggq C% 180 148 280  33B a0 68 266
3p,_ 3P 00s 4 8 33D 3227 8 al
3 0378 w2 098
595" 13§69 18 SIE  2185,g3E 318
OAA 088 oABSF 1885 14F 3288 33F3)A388 34F
T 7: P M
DATJA CODE DAJA CODE DATA CODE
031 B9  1C1 288 231 389
032 1BA 1c2 2BA 232 3B8A
033 1BB 1C3 288 233  3BB
034 1BC 1C4 28BC 234  3BC
035 1BD 1C5 28D 235  3BD
038 1BE 1C6 2BE 236  3BE
037 1BF  1C7  2BF 237  3BF
URE 6; PN
DATA CODE DATA CODE DATA CODE DATA CODE
302 122 32 192 382 1A2 342 152
303 123 313 193 383 1A3 343 153
304 124 314 194 384 1A4 344 154
305 125 315 195 ass 1AS 345 155
306 126 316 196 386  1A6 346 156
307 127 M7 197 387 1A7 347 157
309 129 319 189 389 1A
3A 124 31A 1A 3BA  1AA  3C2 162
308 128 3B 1B 388 1AB  3C3 163
30C 12  31C  19C  38C  1AC  3C4 164
300 120 31D 19D 38D 1AD 3C5 165
30E 126 3ME  18E 38E 1AE  3C6 166

30F 12F 31F 19F 36F 1AF

3C7

. 167



0B8
0C8
0D8
OE8
OF8
TABLEG:
CODE
339
210
14B
108
13E
088
TABLE 7:
CODE
032
1BB
1G4
2BD
236
3BF
DATA
302

- 303
304
305
306

307

309
- 12A
. 30B
30C
30D
30E
30F

26B 188 2AB 2B8 36B 3B8 3AB
26C 2AC 2C8 36C 3C8 3AC
D8 2AD 208 36D 3D6 3AD 10 ;
7e80 ’mfi'z]al OAE  2E8 36E 3E8  3AE TCHUSITIES0
26F ' 1F8 2AF 2F8 36F 3F8 3AF-

GROUPL DATA CODE DATA CODE DATA

DATA CODE 15 -14- 000 139 100 149 200

300 349 010 13A 110 14A

33A 310 34A TABLE 9: GROUPP 080 13B 180

280 33B - p#f0 cope 3 DATA CODE pata cBBP 13D

14D 208 013D 204 308y p 4D211 DC 31 20E RS
118 14E 248  aps 33h o918 Bﬁ 20,¢ -

1% 188 14F 28 33F° 8 . El34F%

P M _ DATA CODE.. DATA CODE DATA
031 2B9 231 3B9 25

1BA 12 2@NA CORP DATA CQRE DATA CODE DATA CODE 033
1C3 2BB 2331 24F 3B 24D 381 24B 31 24934 1BC
2BC 234 3213BC2+4E = 361 24C 3A1 24a 035 1BD 1G5
2%5 3BD 036 1BE 1C6 2BE

3BE 30 037 1BF  1C7 2BF 237
The six groups of type IlI data sub-BlonJREreGdelﬁﬂadeyMnx
DATA CODE CODE 35

122 different Booleagggnablegg:ghlch are (!_e@’mtmdjmcvaluangg gXpressions

123 nyn
102 thag%\fflluate td}g L if th%@éa sub-blo%ﬁis part géi‘ﬁ group afaito 0" if the

igg dat§ %Eb-block l&ﬁot par'ﬁﬁﬁthe group, 1'Pﬁb Bool&ﬂﬁvariable& 5x5ve the same

137 lettesaﬂthe grou;gthey rep;gsent and at:e/dptermn&d‘ﬁls follows];57

129 8 1A9 O0A

ain K B« gfn 3C2 162 @1y
12B  L31BI. + H * (]335 1AB  3C3 163 22

12C ?{d’ ‘ Wg’) ( g o _1AC 304 164 245

12D M=3(®; * H,) +46, * H@atﬁ A, * T3AD 165 (23)

12E

15F Nsits* T, * Jop (g E" +Hy oha + (0%67" H * 7o) (24)

20 P= (H,,, + H)*J ' (25)
Q=G *H,*], *A, _ (26)
where "*" denotes a logical AND operation, "+ " denotes a logical OR
operation and "X * denotes a logical NOT operation. The values for G, H and
J are defined as follows:

25 G, =A% A 27)

G; = Ay * A (28)
H, =§7*Ea*§s*xa : (29)
H,=A,*56*A5*A4 (30)

30 H3=K7*A6*és*é4 31
H, =4, *A*A %A, (32)
Hs=A7*Ao*és*f_~4 ' (33)
H12=A-,*A6*A5*é4 (34)
Hy= A *Ag*As* A, (35)

35
Jo =K3*EZ*__6!*KO (36)

Jl =K3*é2*éj*éo (37)
JB =A3*A2*AI*A0 (38) .



WD 98/ 06181
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TABLE 9: GWiDP8/g6181 DATA CODE DATA CORSI/USYIMAGSO CODE
DATA CODE . - 011 2D4 111 “~2D6 211 2DC 311
2DE CEl 2D5 1E1 2D7 2E1 2DD 3E1 2DF 5
TABLE 10: GROUP Q DATA CODE DATA CODE DATA
CODE DATA CODE -1301 24F 341 24D 381 24B
3C1 249 321 24E 361 24C 3A1 24A 10

The six groups of type | |Theproduetion ofithe individeal ibifs of codesnboBlogk & can
di fferent Bool gan varia Iesd %? are d terrrm "B’é vaI gat expr essi ons
that eval uate t ex}_).res,s? #5,ay. gﬂi‘f?nr?f‘% K CPRIOIDg tabPYe CREE ﬂs %hd to "0"

if the fofib@ssub-bl ock is not part of the group. The Bool ean

vari abl es have the sane 15 | etter as the group they represent and are
determ ned as f@)l=owg, K= (Herr] * Herr] * Herr]) * (J[e9) +
Jlerr]) (21) = (Herr].+ Herr]
+Herr]) * YI[ T +@Bp& T} B * Tz)+((K+(A9*L)+((A9+As)%§@)+
M=((Alerr] * Herr]) ptd (Sger-lri * Herr])) * Alerr] * Jlerr] 40
(23) N= G[err] *J[ert] * J[err] * (((Herr] + Herr] + H[% ?]) *

J[g{r])]+ ((Hery & +(H[,€!‘r'rl})+tAff[‘mi)r]l-)O((Ag*KﬁML¥QA8*M7-('NE)€'T;] + H[err]Q)=
* err
Jerr] * Herr] * J[eT®] * Aerr], 41)

(20 ot cr "R T ERA S g U BN Bt SR o, e

val ues fory4s H and P)*T,) J are defined as follows: 25 d erriqoy
Alerr] *Alerr]

FO Gt i M A A
(29) . P d) * %3 43)
Cs= (As*T)+As*T) + ((*K)+ (A *L) + M + (A, +
H)*N)*Ty) ' - (44
15 C,o= A*T)+ @A *T) + (U, *K) + A *L)+ M + P +
((H, + H) *N)) * Ty @5)
C= A*T)+A*TY + (A *K)+L+M+A*YN) + (A ™
P)+Q*Ty) (46)
C= M*T) + A *T) + (A *K) + (A *L) + (A, * M) +
20 A,*N)+P+ (@A *Q) *Ty) 47)
Ci= (A*T)+ (A *T) + (A *K) + (A, + A)*L) + (A *M) +
(A *N)+ (A *P) + (A, * Q) * Ty) 48)
Co= (Ag*T)+ (A*T) + (A *K) + (A, *L) + (A, * M) +
A*N) + A *P) + A *Q)* Ty) (49)
25

Those skilled in the art will recognize that other partitions are
possible, that Boolean expressions further reduced, or other equivalent
expressions perhaps more constructive to implementing the particular logic
gate circuits chosen for use, may be obtained from the present logic

30 expression described in equations 21 through 49. Thus there other possible



Herr] = Alerr] * A[err] * Alerr] * Aerr]
(30) 30 Herr] = Alerr] * Alerr] * Alerr] * Alerr]
(31) wo 18 Alerr] * Alerr] * Alerr] * Aerr] PCT/USO7/13650

(32) err] = Alerr] * Alerr] * Alerr] * Alerr]

(33) "Herr] = Aerr] * Alerr] * Alerr] * Alerr] -

(34) Herr] = Alerr] * Alerr] * Al err]

(35) 35 Jlerr] = Alerr] * Alercrje-* Alerr] * Alerr]

(36) Jlerr] =Alerr] * Alerr] * Alerr]

g 28 V\go% 5%"%%@36 bquatibhShdel in ChtuttinY $6/11-rate encoder 32. The

PCT/ US97/ 136%Quations shown are preferred but are not required for the present invention.- 15-

The production of the indiv bits o d b- k C
expressed as indivi dual%éff’g%cog? %ﬁ’ﬁ)‘g‘g}‘%glsll{??ﬁ JA‘%@WE“E;%&]P‘? BEB as

‘E g'g') M . ?&%&% 3! 1d hf ,glﬁt%rlean atp spiycblock B from code sub Dlock . 1.,

((Alerr] s+ Al@sdel sublock C is provided to 11/10-xlate+dea>dér SH which Xecodes the 11-
(40) Clerr]= (A[errf* T{err + (Alerr] *T[err]) + (((Alerr] * K)
+ L + (Al err]bitcdde subilock C into a 10-bit data sub-blorB ' :

TGl T P Erp i R EA RN DO

be

42 * *
(42) o or vy o6 Py by (At ok et AL 1] * TLer (1) ¥ (((Aerr]
(43) P o* Cis + Colk €T (€, ¥ 65 ] £0» @(+1C4-+-CITel} G +( (I err]

Ky + (Alerr] * L) + *
(44) 1510 Cerr]Ca* (FA["E&H“"CJJIT&Q{]F)C%*'(QG{@TF])ﬁ‘(Gﬁ[%rél]%\')qo)t(( br-rr][e’r‘[(%)

t (Alerr] = L\)/here M eQIEler"l" if the code sub-block i (r:l_lgde g&xll Ve(fi.'[a?sr &") if ﬂ}eN) ) ¥

Tlerr])

o (Aerr] T or o sGbRikd Hyatial ) +(((Alerr] )+ L M+ (Alerr]*N) +

(Alerr]*
(46) Cerr] = J(IA{%FW o4 fan alsq detemine dheryps of data s A or 1] -

8 ) +* ( % g: H )blocI:‘lg wﬁici‘n c[rgat&i the che sul?glock i.e. type I, Elﬁ[g?rm] Spe@ft%nf + ( Alerr]*

( Alerr] fs T) stnde/the ridst sngﬂfem]&t f:,(} , (i Alcode Jubsblsgk s (I(AF aterdode sﬂ[;er r1) *L)
T[ (er r ) block is derived from mgﬁ)peel data sub[\gl;ck( é\[c%de ]sut’;-bro)ckts rﬁ£ne£ E}pe* Q)"
' I data sub-block if it is valid and its most significant bit is "1". In terms of a
Boolean variable, T;:
T, = (Cp*V) ' (51)
20  where T, equals "1" when the code sub-block is derived from a type I data
- sub-block and T, equals "0" when the code sub-block is not derived from a
type I data sub-block. '
Code sub-blocks that were formed from type II data sub-blocks
can also be identified through a Boolean expression. To construct such an
25  expression, it is helpful to first recognize that the bits of type II data sub-
blocks do not satisfy Equations 6-12 if a "1" is added as the most significant
bit to form the code sub-block. If they did, they would be considered type I
data sub-blocks. It should also be remembered that to construct a code sub-
block from a type IT data sub-block, bits A,-A, of the type II data sub-block A

30  are inverted and a "0" is added as the most significant bit of the code sub-



(Alerr] * Tlerr]) + (A[er'-r]ﬁ :*T[err]) + (((Alerr] * Ky + (Alerr]

9E;r']+ (:A[err] *M o+ (Alerr] * N + (Alerr] *P) + (Alerr]
*Q ) * T[ etwd 98/06181 (49) 25 PCT/US97/T¥658

skilled in the art will recognize that other partitions are

possi bl e, that Bool ean expressions further reduced, or ot her equi val ent
expressi ons perhaps nore constructive to inplenenting the particular logic
gate circuits chosen for use; may be obtHrned fromthe present |ogic 30
expression described in equations 21 through 49. Thus there other possible
WO 98/ 06181 block. Thus, inverting C,-C,, should create a sub-block that does not satisfy

PCT/ US97/ 13650

forms for the EsypHorsfRri2ifihs cﬂg%ﬂﬂ?‘hl%’éﬂg‘?ldﬁ@\’%om@'Pgllhf‘@aé“l?:oder 32.

pr asent i nvent DIEL. T oA Wi, 8568 oSty Cle Asiforh SWRE AU 07 4

uses the InverMoﬂﬁﬁmsub-blockcumﬁebmeltanoshn@ﬂe eu&ﬁ interl eave data
sub-bl ock B from code sub -block C_ 0 Cis provided to

11/ 10- r at e Sdecodé€5# Ghir BetéCodeE, t"h@s)ﬂ(cv + Cs "'(550 t* Cede Gub- &) 8ck C

1:12% gr% ﬁgsb: 1E go@ gtﬁtgpg)cﬁ(@ | sca vglz '*E:IC') * G c((;tla' éé tep:]atas 3@?5136: h24
fol low ng equation: 111 ki k4 e Eo%rtﬁc] exargsﬁ{nrdﬂ the 16fehan T | 16’

Cerr] + Jerr]) * (Jerr err| err err] +

Cerr]) * (C ereghal" 1C] witen] code @{xb*bldck (’3 ls(ﬁrwed ffrom &ltyper Il data(i[ub#bi(]>ck+arﬂ err])
* (Cerr] + (Jerr] + err]) Lﬁ '-{9 ere V equals "1" if the code
sub- bl ock is vasing, r&?"e"q ‘Vseq “01‘152@!%’1’3 expressebh@® sub- bl ock is

i nval i d. d oggr ak term ne the
type of data sub HCyo * lg“ock v9h| ch cr6 atg%’ ﬁ %&Q@gc‘b %lo*d?)# e. type
I, Il, or III. e(EJ 4 G‘f’i#@) +1(i%*e5 maE, * 8 #UE, *CognGyjlcartt bit, GBprr],

o .

in a code sub-bl o e code sub- |l ock is derlved froma
type | data sub-bl ock a &sq@e sibbblpelo prast satmﬁydwpaadﬂymal requirementg n o

sub-bl ock | f | tqgcliesr V;:Léjml?é‘r y 1dtent1P€ef a5 ﬁﬁu?m %r' Cantlr(im,a t%»c II Jﬁta sdbnbltoglg ms of a

Bool ean vari abl
(51) 20 whergg] ﬁérrﬂlos?Gigﬁiffcamlbn ohaRr croh@st%lﬂl%cﬁ m:sbb@e&udlso dgr.ived from

a type | data sub-bl"ock and T[err] equals " when t he code
sub- bl ock 1% ndecomd,ithe doder sabrilock must sans'fuetquatmsso dniother yeaeds, it must
be a valid code sub-block. Combining equation 53 with these limitations
creates an equation that is equal to "1" when the code sub-block is derived
from a type II data sub-block and is equal to "0" when the code sub-block is
not derived from a type II data sub-block. In terms of the Boolean variable
20 T, that equation is:
T,= (Ce*C*Co +(G*C*Cy + (C.—,*Cs*C.) +(Cs*C,*Cy +
C*C*C*C)+ C*C* T *Cyp* V (59)
where "*" denotes a logical AND operation, "+ " denotes a logical OR
operation, and "x" denotes a logical NOT operation on the variable "x"
25 Note that the
(C,o * C, * Cy) term from equation 53 is not present in equation 54 since G,
must equal zero and if C,, is zero this entire term must equal zero.
Cade sub-blocks that are valid but are not derived from type I
or type II data sub-blocks, fall within a third group of sub-blocks identified by

30 the Boolean variable T, and the expression:



Code sub-bl ocks that were forned fromtype Il data sub-Dbl ocks ~can
al so be identified through a Bool ean expression. To construct such an 25
expr essi s hel pful to first recognize that the bit j | data
sub- q»ogghgéis do not satisfy Equations 6-12 if a "1"%¥§ﬁg%%é as the
nost signi ficant bit to formthe code sub-block. If-they did, they
woul d be considered type | data sub-bl ocks. It should al so be
remenbered that to construct a code supg block froma type Il data
sub-bl ock, bits A4-A9 of the type Il data sub-block A 30 are inverted

and a "0" is .f\dd_ed (qs ,..t@e*n@)st significant bit of the code sub Usg‘?)13650

98/ 06181 PCT/
-17- bl ock. ThuNotei thatathé eqatichdor T; ﬁeembigﬁdrmbslﬂﬁtﬂ&t@da sub- bl ock
t hat does not satisfy Equations 6-12 if the code sub-bl ock was

derived from subrblpek was actuallysgenerated by a typeddidats subybleek. Iberesarecode

b- bl k C . bl Kk f d
Sub bl ook & cadiiinal §lid SO otk Hios eI lieor 1 for thefkgifonSs” o ¢ T7YS
qerr])* £ Cg reléﬁ'y%ond thdse ithde a?%[ﬁé;r?{e]h)ﬁré # erﬁ m;dﬁ %ﬁﬁ-blotﬁ @ﬂ?{e]sé a&dn%x’f'dir ]+

Cerr] + ( err| err] + (Jerr] +
Cerr + C * cﬁdi{eesub-]bldckﬁ:kmst because| there]aré 1;067 possxbl(et—‘)la]ld code sub-blocks

Invertlngthls equatl thee r essi ntheleft Wi |
equal "1" wheb® éﬁg &:t‘? accg ‘U’é[?#lf °PF“?}§¥8¥§l?b bI ock

and us n r as:

G err] *C[eéi{rl? gh’i&ﬁ Tﬁ#%mﬁﬁgj&@%@&@m%ﬁm%ﬁsﬁ S C[err]
*g[[err}g + Egﬁéél]iteaQé[ﬂiihatisg-bldck)wxlléftﬂ%}‘ﬁo“(l(":[(q]e”] * C[arr D] = 1
*(err + err err err err + err rr]*C err =
(53) 10 10-rate, ex Ot can identify the ssoup <Ky dvarti onal

froma type |9 afom ghis dﬁéqsts?'b-%?o&' Pectved B abing € tBmify 02, L 1 ot

. .the code sub- wafibngiust be equal to "0". 15  Second, the code sub-bl ock
must satisfy equation 50, in other words, it _nust be a valid code

~sub- bl ock. ColtFni n&§sdo@ht+ oy $FHmitt Higd KéTe* Firik Jétl ons ct8dt es an
.equation that_is eq code sub bl ock is derived

froma type I} Bata ub&'ﬁltﬁk)% "é&hual to "0" when the code QJP) bl ock
IS shotygderiv for agt VOE, h:l"data sub-bl ock. In ternms of

Bool ean varl Mje 20% & thafl uatlon i S: T[err] = [( Sg?r]*

Cerr] *CerrN=+ (QIG’T«!I'IG*'*'CHQ?'T *(C{QTQ))'H (Cerr]* (Jerr]*Cerr]) +
rr rr rr r] *Cerr rr rr
S RIS SR et (éile#ﬁsﬂaemﬂ (T A St nere)

"*" denotes a I_ogl cgj ,AF eration, " + " denotes a logical OR ?60)
operati on, and énot Bs & | ogi caI NOT operation on the variable

Q" Gz*H4*C3*Ia, - (61)
20 where a value of "1" for an expression to the right of the equal sign indicates

that the code sub-block was derived from a type III data sub-block from the

()

n Xll .

particular group identified by the letter on the left. The G, H, and J terms are

defined as:

G = é10 * —C9 *Cs ' (62)
25 G,= Cp*GC*GCs (63)

H2= —7*-66*C5*E4 . . (64)

H, = é,*fﬁ*csf"Q (65)

30 H,= C,*C,*C,;*C, (66)



25 _:Not’e'that t he (err] * Jerr] * Clerr]) termfromequation 53
is not present in equation 54 since (err] must equal zero and if
Clerr] is #gpogiéisps entire term nust equal zero. PCT/US97/13650
Code sub-bl ocks that are valid but are not derived fromtype | or
type Il data sub-blocks, fall within a third group of sub-bl ocks identified
by 30 t he Bool ean variable T[err] and the expression: WO 98/ 06181
PCT/ US97/ 13650 ) -19- . - 18-

Tlerr] = (T[err] *Cerr] * V) '

(55) H,= C,*C,*Qlot €, that the equation for T[err] does (&)

guar ant ee t hat t?’ue code _Sub-bl ock was actually generated by a type
'l data sub-blBer Ghtle *drs* C addi tional valid code words t
return of val ue,of "1" r guation 55 5 beyond t hose t hat
derived from aelilglﬁe ¢‘4T dgtéfhﬁ&'g- bl ock. These additi onal co@%sl
sub- bl ocks exi s]‘{obgC@_,usE twheyeCqre 1, 067 possible valid code sub-b{mgks
but only 1,024 al’e needed to accormodate all of the possi bl e patterns of

t he Slat dHgub-B BEF C;hGs, the additional 43 code sub- bl ock€ldhat
are not ssocj,a it data sub-block will set flag T[er to
"1". 10 ﬁ13= d:7’L(E:(2"=\I¥;51JI;1 -rate decoder 54 can identify the gkaup --
K,L, MN, P, or Q-- fromwhich a code sub-bl ock was derived by using
the foll ow ng _equations: K= Cerr] *(Herr] + Herr] +
Herr] + Herr])*&[€*C,HE*Cy*Jerr]) (56) (73) (5%)

Cerr] *(Herr]+ H[e_rr%:)@*(_C[err] + Cerr]

15 M= (dkrH MrE)* Gl err] * C[)err] *Jlerr] 74

58 NE % + H . . ¥

50 1oy, Mgt e e (e gy
(59) P= Gerr] * Herr] *(err]

(60) Q= Gerr]*Herr]*err]*J[err],
(61) 20 where a val ue Iffa reqeivédogodersub-binck <3 dogs not match anyyof thefl 024 equal

sign indicates t hat .t he code sub- bl S rived froma type |11

dat a sub- bl ock qulﬁ‘rﬁoflﬁé“bj’locps t%f"f‘f@% F"ea:ijéqﬂ%eu‘gﬁ? F‘f‘?’gl(?cgilrﬂ Ke ietter on
the left. The ' ;3 invali rr] =. :
Cerr] * Jerr ]Qiqgli‘&?lgﬁglsét 4 fisg"® fMbRate that the &de! su8hIGk is an invalid ¢dde (62) 25
Jerr] = {3 errdubilbek.r A*fl4g, &, chn be set to "1" to indicate an invalid code block based

(63) ) )
on the following expression:

F, = T,*T,*K*L*M*N*P*Q (76)
Based on equations 50-75, expressions for determining the
individual bits of data sub-block A are as follows:
20 Ag=(Co*T)+ G *T) + [((C;*K) + (G, *L) + (G *C* M) +

N + (G, *P) + Q * T3] (77)
Ag= (C*T) + G *TY) + (G * K+ (Ce*L) + G *M) + N +
C,*P)+Q*Ti] _— (78)
A= (C*T) + G *T) + (G *K) + (G, * G * L) + (G *Cy * M)+
25 (Ho+H)*N) + (G *P) + C,* Q) * T3] (79)
' A= C*T)+C*T) + HC*K) + G *T* M) + (G *N) +
GCo*P)+ C, *Q)*T)) ' (80)
‘ A= (C*T)+GC*T) + (C, *K) + (G*M) + (G *P) +
©C, * Q) * T (81)

30 A, =(C*T)+@C,*Ty) + [((Co *K) + (C, *L) + (C; * M) +



Herr] = derr]*(err]*Clerr]*Cerr]

(64) Herr] = derr] * err] * err] * (err]

65 30 * * * ;

( ) WWOMBS[GH] Clerr]*Cerr] Clerr] | PCT/US9T/3650
PCT/ US97/ 13650 - -19-
Herr] = derr] * err]*err] *(err] ,

(67) Herr] = derr] * C[err]_?cﬁ_ Clerr] * (ferr]

(68) Herr] = derr] * (err] Cerr] * (err]

69 H * _

(69 5 e sl @epying e | g @
E ’ %g HB?H KCr* Qe icy tbe* r[t(c *Kea (G K #(G * N) * Tyl (83)
(73) 10 J{\eﬁ](Cz:*Tq éT(C}'zJ‘TQ[(ELr[(( *"@[%rlrp!‘f U}gfl}] (84)

75 I, f 0, | ock C do not
Eratzzh any of f‘he iCOZIl) +(C'*T¥)a'f'a[‘)((§g‘§gy Blbfl&),i“q‘ﬁat can be r| ved

from the gdatassubipl eqks .4 (¢, #3,) + [(C, * MFS [@P* R)LO ERIQp+FLRg {gg)i ndi cate
that the codeA%ub bf oc js| s an |?1vaI[|«d°codZ 1@° 2o bl QE A]aflgg) Flerr]
can be set to "1" to |nd| cate an invalid code bl ock" based on t he

12(7)I6I) ow ng eXpress"?hepresentlnvegg&gan{wf@ab& rr!*ggaeg{gl] *L*Mg;*qg)for
£ e S e i M g [y

+( err] * ([ ergdifigdimple encoding logic to ehtotde (aGhajorily ofthe ’da@)sub-bTédk& lihgut

(77) Alerr] = ((err] Tlerr]) + (C[err] * Tlerr]) + [((Jerr] *
K) + (J&0r] tothylll(lcs[nspdqr* M + N+ - (derr] * P +Q *
T Al
DT e ¢ T er ) ithovghyth presentinyeiipn hes prendesirited wigy eeleppeto ) . G o7 ]
LLw* L)+ (Cler f;}referﬁd%ﬂ&ﬂod‘nn&i\tt workers skilled in(thé @ﬁr&m’reéd[gﬂize]that chhhget (Clerr]

*P) + (Jerr T[err] (19 Sk bEy
S(derr] * T emy):ema(de[mrfm]m andrfl@aﬂwﬂwu{wqtmgrfwm@e spiyicnst scppe oG err] *
M + (C6 *

the invention.
15



(derr] * P + (err] _* * Tl earr
(80) A[err]:-%l Hﬁ“@““”{l r“rlm + (Cerr] *T[err]) + [(((err] * K
+ (Cerr] “wopsme6i$r] e c s (Cderr] * QICTUSYH3650]
(81) 30 Alerr] = (derr]* Tlerr]) +(derr]*T[err]) + [((Cerr]*K +
(derr]*L) + (err]*M + WO 98/ 06181
PCT/ US97/ 13650 ' - 20-
(Jerrl* Cerr] * N) + (C[err] * P)) * Ferr]]
(82) Alerr][ = ((Jerr]* T[err]) + (C[err]* T[err]) + [((Cerr] * K
_Jlr_[(C[]e;r] (C[+ ] r] Alerr] = (derr] *

err + err]* Tlerr ( r]*
() | A% apiraps k&ﬁ%‘své#m?wﬁr%w%% L (I

+ (Jerr] N)) °5f tihing a pymbes B daf) synii Ste errl
Tert]) + [((C[bel & ( 2k da %) fsgra%b?qép[ t%loc’k%)&tﬁnﬁga

The present i nvamiberof Sodesymbaols mhaunweﬁrmdbaymbolscg‘rem than detenumbet
decoder for a rate 16/17 RLL code by using a rate 10/11 RLL code and by

usi ng si npl e erefeisingymbnls.dhe apRATAS COMPHENST i ty of the data sub- bl ocks

| venti on has been deQF PRER HEbrfor £yceivine indjyidud dhlk ¥k 4t B &R ing
enbodi nments, workers skildagR dhfa Btk iid a Hrit'dafa%ﬁ%b@@aﬂd‘@&ecﬁh@ﬂﬂﬁs

may be made in formand detail w thout departing fromthe spirit and scope
of the invention. snb—block WD 98/ 06181

-21- VWHAT | S CLAI MED | 1. A rat u or. encqdj n ocks
into code bl ocks, edHR§ %{" coypled to @Gﬁg%%!?‘h‘gﬁ%é‘nm eryme 3‘5? § |'s,
~and each code bl ock cont & Rigigeiland for encoding the first data sub-block into a first

code sub-block; and
an interleaver, coupled to the encoder and the data block latch, for

combining data symbols in each second data sub-block with
code symbols in each first code sub-block to produce each code
block, the code blocks such that when concatenated with each
other to produce a string of code symbols no more than five
. consecutive occurrences of a first code symbol are present in
the string of code symbols.
2. The apparatus of claim 1 wherein the encoder encodes at least some of
the first data sub-blocks by adding an inserted code symbol to the first data
sub-blocks.
3. The apparatus of claim 2 wherein the inserted code symbol is added to
an end of the first data sub-block.
4, The apparatus of claim 2 wherein a majority of the first data sub-
blocks are encoded by adding an inserted code symbol into the first data sub-
blocks.
5. The apparatus of claim 1 wherein the data symbols and the code
symbols are from a set of binary symbols, the set of binary symbols having a
first binary symbol and second binary symbol, the first and second binary

symbols considered the inverse of each other, at least some of the first data



nunber of code synbol code symbols greater than the nunber

of data synbols, the apparatus | Sgg: a data block latch, for
recei vi ngv(i,%aﬂ;pual da‘mlmm'tai‘mm“‘ di vi di ng peTiUSYT3elgch data -
to a Lo

bl ock in I'rst data a second data

sub- bl ock; an encoder, coupled to the data bl ock tatch, for
receiving the first data sub- bl ock and for encoding the
first data sub-block into a first 27 code sub-bl ock; and

an interleaver, coupled to the encoder and the data bl ock | at ch, for

conbi ni ng da d&gl | ‘kgnﬁl' h sk Wi _

code synbol stslair)f%gac ?‘lc?get o%ﬁ%ﬁ‘%@gaﬁ? ro &gxée\é%liﬁrs(ggatg sub

bl ock, the colisckbivhitenotdinvditing die rehminingpdaa synbsle n eachifirseddia sub-

other to produce a .string of code synmbols no nore than five

consecut i ve &lenks thenehysproducing mixed blacks, thefirst codesuprblecks completed

the string of cade symbols.. . .2. . The arat.us .of. claim./d.wherein the
encoder enco&@?ggfn&%ﬁlgfe%wsgmb?lhtg epﬁf@qx%&#%cl%&eﬁ%éd% addi ng an
inserted codgympBRUYcchRingif the Same plitibn inTeéh Rkse Ak sub-block entbdeddnpar at us
of claim2 wherein the inserted code synbol is added to an end of the
first data sthismannir. 4, The apparatus of claim'2 wherein a majority of

the first data sub. . bl ocks are copded ddj ng an.inserte ode synbol
into the fir$ datl eénggaramstgfgia*@?wﬁgem 84@2“:&19%“3&]@"%@“&9 rchyl wher ei n
the data sy : I E: ' ynbol s,
the set of méﬁga@aﬁgﬁg%ﬁgg%%ﬁémﬁﬁ?Eﬁg%{r?%%éy gﬁag%dﬁggg%trﬁ]d bi nary
symbol , the fsub-blocksencoded s ivertingy selectsddura symbouls irfleschdirstdata suter se of

each other, at |east sonme of the first data WO 98/ 06181
. 22- s tlbock! whilesnetinvarting Hie remaining daga symbels igeachifirskdata s i n each

first data sub- bl oc ile ' ' L LN 8 synbol s
i n' each 1 roierktherehy pROducilsnfiel BockE il hddifh b b GAPLASRRL VT 0
first code suluphifdasbl6sHthésaletted data Bymbelsberang imte shse positien sy mbol to
each m xed bl ock, the selected data synbol s occurring in the sanme

“‘position in eadhfifstdata suhthdock, Kogethes repsesentiz gajority of firstidata swbnner . 6.
The appar at ui%o% claim5 wherein the first data sub-bl ocks encoded by
adding an in d code synbol into the first data sub-blocks and the first
ff'ﬂ 2 dat Subrbb' oepts ApParaiRbftaiiy GhérefOthé Firf dabsuBBlociSyoHsises iteh each

irst data sub-
data symbols, the first code sub-block comprises eleven code symbols

represented by C,, C, C; C, C4 Cs C, C; C;C, C,, each second data sub-block
comprises data symbols represented by B; B, B, B, B, B, and each code block

comprises a combination represented by one sequence selected from a group

of sequences consisting of:

C,wCyB;CyB,C,CsB; B, C; C, B, C, B, C, C, C; and

CyCyC3Bs C;B,CsCs B, B, C, C, B, C, B, C, C,.

8. An apparatus for decoding code blocks into data blocks, each data

block containing a number of data symbols, and each code block containing a

number of code symbols, the number of code symbols being greater than the

number of data symbols, the apparatus comprising:

a code block latch, for receiving individual code blocks and for

dividing each code block into a first code sub-block and a
second code sub-block, the code blocks such that when

concatenated with each other to produce a string of code



bl oclgd whi [ e not mvertm@t ﬁ r enai ni Elldata synbols in each first data

sub- bl ock thereby t& bl ocks and addi ng an i nserted code
synbol to WO98RGI8h m'x , ected data synbol s ORCTMSIHIGEsON t he
same position in each fir st data sub-bl ock, together represent a
majority of first data sub- bl ocks. 7. ‘The apparatus of claim
1 wherein the first data sub-bl ock conprises ten 7 data- synbol s, the
first code sub-block conprises el even co¥e synbols represented by

Cerr] err] C(err] (err] err] (err] Cerr] (err] Cerr] (err]
Clerr], each second dat a symtbols, oolmore thanfivepednsemutiste bacwryerices of 4 @ipstesent ed

by B[err] Blerr] Blerr] B r err] Blerr], and each, code hl ock
conpri ses a conbination r éi‘@ﬁ{’ %’F% nndhe sting ?§8‘|i"e§3f‘§'épfﬁom a group

of sequences con t err
C[efr]tu[ er f] B[ er ?]d d(f“[&gﬁr]' coller rFﬁFer rf{)%ﬂghtfﬂ gfnt }ecﬁ‘@% ?irgéedrde]q ]
Clerr]; and Jerr] Ci:b#hlc}ck@{rﬂrfoi' d&foding thelfiestrdodBket-blocklimtora fifst er r ]

Blerr] Blerr] Cferr] Cerr] Blerr] Cerr] Blerr] (Jerr] Cerr].
An apparatus for decodin ﬂgbi!’&’ pdelandi nt o data bl ocks, each data

bl ock containing a nd_ e containing a
nunber of code synb%qngﬂﬁg‘teﬁu‘%@e%y&@%asm% 3881?‘?15‘0@4‘3%@ tofhan t he
nunber of data synbol s, tdammng&aw@mﬁi&hﬁeecond code sub-block wifiPde bl ock
| at ch, for receiving individual code blocks and fo

di vi di ng each code bl ock data symbofls insgach Gitst chtd)subl-bjoék wrproduce each data

second code sub-bl ock, t ode bl ocks such that when

concatenated with each ot ‘to produce a string of code

-23- s%gg@ , ogeurrences of
a first 2. hﬁo%‘%r eE%?rEgM&uﬁ%??‘lgecg{sk Xﬁ%e ol code
synbol s. ; blocks atiedexbded by@unbﬁdgh&oﬂheymﬁa&‘r&hwmsﬁts&b sdbor recei ving
the first code sub- bl ock and for decoding the first code
sub- bl ock i nt o bhogksy st data sub- bl ock; and an

i nterl eaver, c |l e e

conbi ni ng codeqslb;nbd{l}eoaphggggﬁoﬁgﬁ@n%a&{f gﬁgjdé 3@%‘% ?’ﬁt&'e co&

data symbol s i yfdeld drk ffom daétao borsomarseei&cﬁnﬁ?% \sPhavin,

bl ock. 9. The apparatus of claim wher eln a majori n'%iﬁ ?lgrgst code

sub- bl oc ks ar eﬁrmm&ymboi embsdcond binand symsholptile ﬂrsmﬂdeeoﬁd bmaryc ode sub-
o ocks: 10, Thce SRR AlE e LU 0 S, W BBy and, he code
a first binary siypis aRAd&8aai by Rivefting Ikl codt SFmbbis $h eaBhisPERRI DI nary

sub-block while not inverting the remaining code symbols in each first code

- sub-block, thereby producing mixed blocks, the first data-sub blocks

completed by removing an inserted code symbol from each mixed biock, the

selected code symbols occurring in the same position in each first code sub-

block decoded in this manner.

11.  The apparatus of claim 8 wherein the number of data symbols is

sixteen, the number of code symbols is seventeen, each first code sub-block

comprises code symbols represented by C,, C, C; C, C; C; C, C, C, C, C,,

each second code sub-block comprises code symbols represented by B; B, B,

B, B, B,, and each code block comprises a combination represented by one

sequence selected from a group of sequences consisting of:

Cy Gy B; G B, C, B, B, C; C, B, G, B, C, C, Cp; and

CowCyCsB; C;B,C,C;B,B,C,C; B, C, B, C, C,.



synbol s consi dered the i nverse of each—other,—at | east some of the first

code sub-bl ocks are decoded Hnmﬂ sel ected code synbols in each '
first cod &%—5 ock while n E uremal ni ng cod n each -
first codgvésu -g#lock, t her eby *predu ‘ﬂm bl ocks, the ?ﬁ%sub

bl ocks conpl eted by renoving an |nserted code synbol from each m xed bl ock,
the sel ected code synbols occurring in the sanme position in each first code

sub- block decoded in this manner. 11.94. The apparatus of claim8 wherein
the nunber of data synbols is sixteen, the nunber of code synbols is

coventeen,  enah, || Aokl B pa g G e B HED BphGE T ¢ Y

Clerr], each semaimthgcafismbertofidatrdynibols)and eachccude blockdntainiapaesent ed by
Blerr] Blerr] B[err] %Bl[gerr] BI err] B err% and each code bl ock conprises a

conbi nati on r apmp eodessymbols greater thapthe simberquences

consi sting of; er Blerr err err] B[err

Blerr] C[grr] E% F%&%Tﬂf]ﬁﬁﬁ%ﬁﬁw ]C[[err]]C[C[err]]C[C[err]] aLd C][err]
B -

Gorr] Borr] o oroyidibg eadhlda Slokk fulifrst dad b ﬁ"%"}"o?‘?"““ " 1]

PCT/ US97/ 13650 sub-block; - 24- 12.

A nmet hod. for encodi ng data bl ocks into code bl ocks, each data bl ock

contai ning a nunban‘i?ﬂ%éPﬁ@?ﬁ’Ba%‘ -blork ipta- figss gedesub-Rloglsandi ni ng a '
number of code sy @gghé‘m%?m%ls‘iﬂgfchséé@m&aﬂﬁg?ﬁﬁglhag cotéiEe nurber

of data synbols, t ea dat a
block into a first dat as;&mbalbimedcha‘tret abdé eate-blbck a6 produce each code :
sub- bl ock; encoding the first data sub-block into a first code
sub- bl ock; and block, theceds blgekwgmhhl@tdrdxeacgmwm\m sa,qh second
data sub- bI ock with code in ea first code
sub- bl ock to produce eagﬁl;e&g;&mduceas&mg ofcode °lso e, pore ﬁ}?ﬂfbgde bl ocks

| - such that when concat engsfebubive be@itféhces of a first code symbol are feS&it ih © Produce

. a string of code synmbols no nore than five . consecutive
| ~-occurrences of" a first ﬂbd&'ll!gmﬂﬁﬂdeamb%esent in t he

. f d hod. of ' 2 I N j ori
of "the 3od§°s b1 0B Bietpog of clitn 13" ecPly o BioPine 6 i BonE st Bleckbal o ool
to an end of ?EEJU ¥otmell 'b?tadﬁﬁgaa code syﬁnHQhB' M. of res gectWe first Iﬁlﬁ met hod

of claim$8 Wnere n t'he nunbér of "data synbols is sixte he nunber
of code synbokub-bbclmvent een, each first code sub-bl ock conpri ses code

symbol s 1 epr egent el by Ol oty bk e mShgtoh S Shpboi Hikse! 1) ot o
symbol s repreg@%&be%fﬁwgﬂm €is" vﬂe%ﬁrlacﬁ[fﬁ&fag@[sﬁmo&[ &Jé'lseéind

each code blo conpri ses I nation represented by one sequence
code symbols represented by C,, C; C; C, C4 C; C, C, C, C, C,, each second

data sub-block comprises data symbols represented by B; B, B, B, B, By, and

each code block comprises a combination represented by one sequence
selected from a group of sequences consisting of:
CiwCyBs Gy B,C,CsB; B, C; C B, C; B, C, C, Co; and -
'CpCyCB;C,B,C;C;B; B, C, C, B, G, B, C, C,.
15. A method for decoding code blocks into data blocks, each data block
containing a number of data symbols, and each code block containing a
number of code symbols, the number of code symbols being greater than the
number of data symbols, the method comprising:
dividing each code block into a first code sub-block and a second code
sub-block, the code blocks such that when concatenated with



sel ect ed from a group —of—segquences—consisting of: =« (err] C[err] Blerr]

qerr] Blerr] (Jerr] err Blerr] Clerr] Jerr] B[err] C[err]
err] Cerr] Cferr] Bpef

Blerr] CJerr] (err] err]

Cerr] Jerr]. A et hod % or decodr ng code bl ocks into data

bl ocks, each data bl ock contai ning a nunber of data synbols, and each

code bl ock containing a nunber of cpsle synbols, the nunber of code

synbol s being greater than the nunber of data synbols, the nmethod

conpri si ng: i Sod

sub- bl ock and a second CO%HgHo@id?Qo?ﬁfdﬁcEQ@&nE suh[g% ggllﬁ héﬁeorgeﬂ%? bl ocks

such that when concat enatfive eonsecutive occurrences of a first code symbol are present

- 25- eac ot her to roduc ei a string of code synbols, no

nore than in the §tring of £ fEIFYu‘%‘"ﬁmcurrences of a first code

synbol are present
decodi ng the first co odm t%h%fil(')s(t:i%o?en#d% ﬁla?frs‘? hggg;ﬂagﬁ% lgtimand
conbi ni ng code syrrboduinbxmng code syrtibal9 iita setont lcod sub-bloclk it datdyahisols

in a first data sub-block to produce a data bl ock. 16. The nethod of
claim 15 wherein a maj or i iy Brst data spb-black o peodugs aislatackleciar e conpl etel y

Tho. met hot of clés m 1 SRk SPim 1o AP i 8 o 3HH8C e Bhbbuenké (e
number of code gy EBRiplettl§ deRuRALYRmOIAR EddeSymbaPfomtRe HrCode SR | Ses

code synmbols represented by (Jerr] Clerr] Cferr] Cerr] (err] (ferr]
Cerr] Cerr] Oplecks} C[err] Cerr], each second code sub-bl ock conprises

it DS bl i b el S L
S bt e Y g

Blerr] ([err] omiprises]code symbold répresentedyeCl,IC,C LTy €, 6; er G, Glere), B[ err]
Cerr] Cerr] Blerr] Blerr] Cerr] (err] Blerr] (err] rr] %err
Clerr]. each second code sub-bloc compnses code symbols represen s B,

B, B, B,, and each code block comprises a combination represented by one
sequence selected from a group of sequences consisting of: -

Cio Cs B; Cy B, C; C¢ B, B, C; C, B, C, B, G, C, Cy; and

CiCyC3B; G, B, CC5 B, B, C, C; B, C, By C, G,



