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appar at us ¥fed in claims 1 and 7. Preferred particul ar enbodi nents of

this met hogl{ ﬁ%@%m gnd decodi ng apparatus are defined in the
depende?t clal ms The nven?i on attains the objects by limting the nunber
[ ] CONgfdsh bbjidts 48 Bchievdd ty'aR efddifg Rétndltind by Ericoding apparatus as defined in claims 1
and 7. Preferred particular embodiments of this method and of encoding and decoding apparatus are defined
in the dependent claims. '
The invention attains the objects by limiting the number G, of consecutive ones in the encoded data se-

45 quence fo a relatively low value, while maintaining the limitation in the numbers of consecutive zeros in the
full encoded sequence as well as in the even and odd numbered partial sequences. The smaller the maximum
run-length of 1's, denoted Gy, in encoded sequences {b,)}, the faster data can be discriminated from the pre-
amble. Since the timing preamble has to be long enough to be reliably detected by PRML receivers during start-
up, smaller values of G, allow shorter training sequences leading to faster synchronization of PRML recsivers.

50  The presented 8/9 codes, referred to by the 3-tuple (Gy, lo, G4), permit reliable, fast start-up of PRML receivers
and the length of the preamble detection window needs typically to be less than one half of the window requlred
with earlier codes presented in U.S.Patent 4,707,681.

Several coding schemes are disclosed which allow to select different combinations of code constraints
so that a combination can be chosen which best suits the respective application. These schemes have fur-.

55 thermore the property that decoding can be achieved without knowiedge of previously encoded data, thereby
avoiding decoding error propagation in case of transmission errors.

Further disclosed are several code mapping schemes which allow to implement the encoders {and decod-
ers) for the presented coding schemes with a small number of logic gates.
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BASIC MODEL:

§o=ﬂ>

L 40
e Asystem in which presentinvention is used can be represented by the following three main blocks depicted
in Fig. 2A: rate 8/9 encoder 11, precoder 13, and PR-IV channel 15. In the following, input-output relationship
of these blocks are discussed in detail. B denotes the binary alphabet {0,1).
Magnetic-recording channels are baseband channels with a transfer characteristic exhibiting a spectral
45 null atfrequency =0, a spectral maximum at afrequency that depends on the particular recording-system para-
meters and an exponential decay at higher frequencies. Therefore, they are particularly well suited to be treat-
ed as a PR-IV system after the channel-output signal is filtered in an appropriate manner. The PR-IV channel
15is preceded by a precoder 13 whose input sequencs is the encoded sequence {b,}, b, < B, and whose output
sequence {c,}, ¢, € B, is given by .

¢, ,ifb. =0
¢y _b,\@c”_{” n (1)

oy if by=1

where @ denotes mod 2 addition and averbar stands for negation. The input symbols of the PR-IV channel d,
e {#1, -1} and the precoder-output symbols c, are related to each other (as shown by block 17) by the corre-
spondence d,=2c; - 1, where ¢, have to be interpreted as the real numbers 0 or 1. The ternary output sequence
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35
an-r-k =Dby+bpig +bgyp+ o+ bryg,=1 @)
k=0
lo

o an+2k =bp+bpyo+byyg+ o +byy 2, < 1, @

bybn+ 1Bp+2eebnag, =0, (5)

8  where n is any integer, "+ denotes the Boolean OR operation and ' stands for the Boolean AND operation.
Equation (3) limits the maximum run-length of 0's in the encoder-output sequence to G,. Equation (4) does
not allow the maximum number of consecutive 0's in the two encoder-output subsequences with even or odd
timeindices to exceed Iy. Finally, equation (5) ensures that the maximum run-length of 1's in the encoder-output
sequence is not greater than G,. in the following, the encoder output will be designated as a (Gy,1,,G¢)~con-

88  strained sequence.
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lowed to be used as codewords in the (4,8,5) block code presented here.
There are numerous block codes that can be derived from the array L4(4,6,5), and the codewords in each

45 code can be assigned to 256 8-bit bytes in 256! ways. Thus, the number of all encoder mappings associated
with the array L, (4,6,5) is very large. Thus, it is desirable to choose an encoder mapping that leads to simple
encoder/decoder realizations.

The space of all encoder input bytes B® is divided into 9 pairwise disjoint sets A, k=1,2,...,9. The elements
of the subset A will be illustrated as specific locations marked "k" within the 16 x 16 array shown in Fig.3B,

80 whose (i,j)-th location at the intersection of the i-th row, i=0,1....,15, and the j-th column, j=0,1.,...,15, corre-
sponds to the byte X=(X4,Xa,....Xg) where XgX7XeXg and X;X,XsX, are the binary representations of the decimal
numbers i and j, respectively.

Similarly, the elements of Dy, k=1,2,...9, the images of A, under the encoder mapping, are illustrated as
specific locations marked "k" within the 16 x 32 array shown in Fig.3C, whose (i,j)-th location at the intersection

85  of the i-th row, i=0,1,...,15, and the j-th column, j=0,1,...,31, corresponds to the 9-tuple Y=(Y4,Y>,...,Y;) where
YaYsY7Ys and Y5Y;Y,Y3Y, are the binary representations of the decimal numbers i and j, respectively.

The pattern of _'s in D (4,6,5) represent all 9-tuples which cannot be used as codewords and is the same
as the pattern of -'s in L, (4,8,5). The seven 9-tuples in L, which are not used as codewords in the (4,8,5) block
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[err] antbnperr] to three. Finally, equation (8a) ((8b)) ensures [err] =5
by elimnating all W1v0rﬁa¢rYs)m§ag'1Y7ﬂMs)t0‘uﬁM*é’et(M&hYat*\M)=(thr@@) 1's or end with
nmor e t hagndtefipese (tvvo) 1's or have a 35 run of six or nore 1's. Note that
if Y® [err]then Y = [erMrYzYidh¥eYahaYetudaXoT s (&one |ist can be sinply
obt ai ned®by reversing the codevvords rn the ot her Irst The (4,6,5) block
code presented here conpr i 9¥eYf rarll chosen to

be a sub 'ég{‘ ) (10).3nd 113’ ¢

L) L« sarrd ik
[err],  w ‘f ﬂgg ?g‘% sé’fﬁ b rg t he
o '“ %"«Sc? on

16 ngz ?tfe tt%z;l ewordsm
a?rf] ere err aH‘ggTerr ar1e6xt3 §r}1¥%§49)

ofthe i-
correspog}gﬁ -t'ﬂ'ﬁ'lw“
represent atram% aﬂfr 4 5% erlGdabr Rl ddbbadPobie of thé¥@d)o) mﬁ@ﬁaﬁ‘cﬁig'aﬁ Sbtkbnal %P&r%etkéii@ﬁ the
il ) 6T U hal Tadylr, kish sRREPwiRh t)escRbrifpaINO A ifleghGoddio WhtkeSitation associated with

the encoder/decoder partitions in U.S.Patent 4,707,681 has been adopted The codeword assignments were

chosen such that the logic realizations of the encoder and decoder are simple.

The two encoder/decoder realizations presented above correspond to optimum (9,8) block oodes. i.e.,
none of the constraints G,, I, and G can be decreased further without relaxmg another one.

FINITE-STATE ENCODERS:

The block encoders discussed in the previous saction break the information sequence inta blocks and han-
dle them independently. In the following, a further encoder will be described which is a finite-state machine,
50 |.e.inthis encoder the outputis not only dependent on the present input but also depends on previous encoded
inputs. This encoder allows an even better reduction in.run-lengths. Decoders which are used with the finite-
state encoder need not be finite-state machines but can be block decoders.

ENCODER AND DECODER FOR (4,6,4) CODE:

The encoder for the (4,6,4) code is a finite-state machine where the encoder state is defined as the last
bit of the preceding codeword. Similar to the decoders discussed above, the decoder associated with the (4,6,4)
code can be realized as a block decoder which maps every 9-bit block at its input into a block of 8 bits. The



'the right half corresponds to [err]=1. The locations in [err](4,6,5) marked
"-" represent 9-tuples which are grg41abréBroved to be used as codewords in
the (4,6,5) block code presented here. There are nunerous bl ock codes that

can be defd ¥ethelobRdind e kﬂ%ﬁa& 1 m& WO &Sy drd GERACEHa 4O
code Canai}%maaﬂ%a&m%% gl faﬁ%m%pﬂaa%%% V-V E.ue% -113 nurber of

al | encodery, fHaReibwisLS thie THEOH cadeSd ¥4 dndodefifacetef Biizatioh brb déstrited. A ist I.Sof‘éﬁ%&ﬁr ge.
Thus, it yoftis A95ainedtyRelbdling NGNS ONES « BIRIARN Balish (@7 bRAdSs to sinple
encoder/ decoder vl 29Y,008,Y, HVO Y Rae e, OfY4&LY,\$¥pD¢,eIBYL£IOUt (eytes [err] is
di vi ded i ntconbitighd () Whd(®) enbLté Gj=1 bndiE6 wheRts (12)gudrantees G,549The EBdWORdSINE b fiotOf

t he subs okgin withinjore/than twb @'s orl 1lsLiSdweedr,afdhecisst i thie breceding ealeward, hentafoRtiedbndtid Z,

Wit hi n t fieckndvn, the héxt oodewrd mizostart with threecpr ik 0'sG)the vdme Zet 4nd threeor fooctd in the case t he

i nt er secZrF@hayé are PEbinary Stupleswhichbéyiriwith threelof fourisand decnof vidate (€)o(12)rand a modified

j =0, 1fo. . versign of &) witle(YiYpYaldeplaced byt +Yut Y Y 2¥ ) foeal g%e Mewd{ﬁebqg inwiththrderat] ar e

t he bi na P'a Similtagly, thereare;35 bingey Sctuniqsiyhich &rge o fewr s and é%rpvév!elatv@) Y.

Sinilarl Waﬁdr%"@rfeﬁml?,“ 5§12 vt (s Yk\-‘aifeﬂ'md bgmifh’é\fpmw%ﬂw qudsm@e\" t he

encoder atgo %1 trat ed as S ec ific Iocat ons mar " in

the 16 d?ﬁ 1a th —Owill be

i nt er?ect"ﬁ"ffﬁ’ f' ‘E : ° 'g

![ho %’ C gir IE swhi Zg& i? ace?-] are
e |na er

The patt 'F' yﬁg% rep esent raifll.l gtsauiﬁ' t|hec u%é&% nost e used

as COQﬁWOr §ofrtﬁb‘°su %§1ih% withd ﬁJsE}atQJasspécancrﬁé aﬁ w'?t}:m t%he

seven 9-tgR 1€§rrdyréh&vﬁuﬁﬁ 136 GotinBn WIH 36 eﬁceb&

%f ock 5 catiof BndanBltdpi&if @igaﬁ aﬁﬂd@ﬂi&ﬁﬁ BREARAGBI4PmaRId"RTIRA2U. 9,80, la
mar ked [ @egehdentiof e ericofier sthte Z Iicth@230!binkry ©116plels @ L (4,6,4) Hhbrked Pl whereEhedktia 96f|AQWS
t he patt &ens..of ard DS k+12,.Ab(The fenfaining 26l byted it N@,614) BétkedYetlahd @f al®miagped elfther iafoe t he
sanme s (hec26pedevartiinQ{(4,4,4)imatked M if 21 or ingE6 cbdevbrdoéhopenront]of fhé 3Sbinary o-fupies in
ot her subd-#6x4) merked "0". k=2, 3, . . . , 9, and their images under the encoder mapping
[err], k=2,Theelemerfls Of Diode=5.2. bl 4re Hesimatel ys lotatiorsmagkad k" wikhirt the 1< 32.amgyeshowi in| ogi C
gat es ne EBSE. wherethe defiakion with respect fotfhescorrpgpprdendebptweercanamray lotatipnoand @f9-tuple in
partiti offg- 3F@PP"PS dheimagss,of the, 2k pyiep inAsd=etheerapd emide enseder diple & qedrespepiied iyen
[ err]®andh @Fﬁ"’f‘s G@'&d "#i@nd "doip the apoxmgrray, fihe patiernob.os In Péd.6.40-represant gl Ytyplegwdiichan g
decoder M@ s rgs gnd 59'“96’6??@“#5“%‘]'1@\7\?1'“ - B‘I ’é@t“l‘ t%ﬂf’chig “W‘%’gﬁé'épéqsv ely.

I h b d h
Bgof S:nsw Uts &féf use | e ti%gé °°;'e' a]t i 02 '}gﬁg;;%”
enco gsra eleme:"nllg p

él y’elemsht 1to
?f I ogi C ﬁ pen t&ﬁe ninB n? tout ¢ %‘l 9,
. for the Ikt vvere I'n uced as
the union’ neaafoadrmeqm&m ‘?m mfn@(s m Jasbda& 'na%l bld%!&&é&éel- E.)Nh' ch
| S rai Seeibdt which difsctiy)coiVe®d'a Edd6wdiE P MEbSn slutBlékk X. Forthe ériok GdietlionGHIEMOR

M NI MM ¥iblelis irfplit mﬁ&lr&ﬁﬁnfdylast%ﬁ Y} & tHefpRovio@ do@etoRidnroiyh d AR} fémenlE, S um of
1 three creshdodér BhddecddeFlogic it SHowh in TAMs 5 and 6, respectively. Logic gate arrays implementing
these logic equations are contained in the encoder logic 19, the decoder logic 23, and the error detection logic
25, respectively, of Figs.6A and 6B. Intermediate variables V,, i=1,2,...,22, for the encoder and W, i=1,2,...,17,
for the decoder were used to reduce the number of logic gates. An optional error flag F, which is raised when
45 the decoder input is an illegal codeword, is provided.



« The.bl ock codes presented so far achieve 0=15. To find out the smallest o
achievable with a (9,8) block cegpaa1sbmBtaxi num
nunber of freel yconcat enat abl e 9-tuples, n,, ,was determned forall relevant
constraints. 20 The snmallest o achievable with an encoder for a (9, 8)
bl ock code is only attained by (4,5,6) and (4, 6,5). ENCODER/ DECODER FOR
(4,4,9) CODE: An encoder/decoder realization of the (4,4,9) bl ock code was
obt ai ned .ggleqo ifs' énl’cl ol eiencoder/decoder 25 logic associated with one
bl ock cod-e—grvéi%—%—érﬁsér" = ent 4,707,681. The conditions for the selection
of odt put codewords are given by equation (6) and the follow ng two equa-
tions: [evaRAELE®) and either 30 or whsgmndNs), (10) and subérPARamMENESEd t o

. generate a list [err] of 259 codewords and (6), (12) and (11b) another Ii st
\f2 of 259%edtidwer s, Equations (6) aRd=Yit¥VeYsuheVs] er rh=Fs §fRd=Yerr] =4,
wher gas (J1¢ 11b) guarantees [err]z9 5 = e thai t codewords in
[err?@can&’b'e '$1pl y obt ai ned by revefs’ll?fdx’('%é'oé‘o&?é)vmr dgé'i nJ;Fg'rr] . The
(4,4,9) bhack .60de, presented here COBLBESRS %2R, ewor gls- mpgd, was
arbitrari I'y )Ehg(geﬁ'to be a subset of err]é?l'ﬁe% codgelv\oﬁr%dszi nferr] wll
be agai n Vi*Xs¥XrXi&%l as | ocations narked -PePs{Viv¥:t hi n aSk6:xPeRSarray [err]
(4,4,9) shown in Eig.,4. Tables 3 and 4 show encoder and_decoder | ogi c of
the (4,4, 5‘)”&6’&‘6+ixhg¥’udi ng an optiondr=&Mor detection FF1AEPE, which is
rai sed whgn, put I's an ig Leasl codeword. NgieptJpt the

. 8= Ay (]
notati on asso

L sesonRIT Ly

ciated wiih'the encoder/ecbder partitions |n U S Patent
4,707, 681vhag bepiv,adopt ed. The codevped,aselgnments wele=&Rdsen such that
the 1%gic realizations of the encoder and decoder are sinple. The two
Lencoder/ decoder realizations presentdd=dpdetcor respondst‘ﬁpﬂp‘{'i mum (9, 8)
~block codes, i.e., none of the constrai .B—ﬁ_%-(] and [ er be decreased
further w thout relaxing another one.'g;l4§E T’ IT)E- STATE EEK:%B%aR%: The bl ock
encodgrs discussed in the previous section break the infornmation sequence

i nt o bl ockscaoes durpuT dl e t hem i ndependently. In the follow ng, a further
encoder will be described which is a finite-state nachine, 50 |.e. in this
encoder t h& BBt-put Pi* % hbridhi-Pedependent on the present input but also
depends o eyl PYS € ede I, Sy This encoder allows an even better

r educsi onr}fﬁE"\rfhﬁ?‘I"e(ﬁg ﬁg'."'dﬁeg’g' 271 which are used with the finite- state
encoder nepdenaf+be-4§, st e-state machi nes but can be bl ock decoders.
ENCODER AND DECODER FOR (4, 6,4) CODE: 55 The encoder for the (4,6,4) code
I's a finite=8t-&KitPrXchPrkSiwhere the encoder state is defined as the | ast

bi t of therr ceding codeword. Simlar.to the decoders discussed above, the
decod¥r asséciated with the (4,6,4) code can be realized as a bl ock decoder

whi ch napsy, 2¥ef ¥, +%, el .l agix,at its input into a block of 8 bits. The 6
Yy= PyoXg+ Pyo (g + Xy o Xp) + P o X+ 8y 0 Xy + Sy = X
\2/ d Y.=P4-(i,--i,+s(.,)+P.ox,-f.+P,-X,,+S.ox,+S,-i.

Yom Py o R+ Pyo Xo + Py o Xy + Py s Ky Xy + Py 4 840 X,



'EP 0 '413 076 Bl (4,6,4) code perfornms betterthan the bl ock codes descri bed
above, i.e., it achieves [err], aemoymiozés8f encoder/decoder inplenentation
is alnost as sinple as the ones for block cqdes. In the follow ng, the

(4,6,4) code and its encoder/decoser realization are described. A list L of

230 code- ngq_s“is_%% Bty Bchi®y selecting all 9-tuples Y= [err] which
satisfy (6], an [err] (12) Conditions (6) and (7) ensure
[err]=4 and [err] =6, whereas (12) guarantees [err]=4. The codewords in L do
not begi nvARIABLE®re than two 0's earfiTioNsHowever, if thBUPERPARDITIONSf t he
precedi ng codeword, henceforth denoted Z, > is known, the next
codeword MBy=%e¥yt with three or foais0's in the case ZEE=@nHdQihree or four
U's in the case_Z=0. There are 26 binary 9-tuples which begin with three

or four O s Wamdf«¥s not violate (7), %*WNiWad a nodified 1%=RetHbReof (6)
with feerr] replaced by [err] to allow the codewords to begin with three or
at nost f r‘%’§c Simlarly, ther&=Y%¥5 binary 9-tupl SWRMERBE&In with
three or four 1.s and do not viol at e(y&G}q (7) and a m)dhfl(ﬁd \k/;ersi on of
(12) with 'é’r\F']‘YT epl aced by [err] QeEdsMiow the codewor ds~ bt tgin with

t hree or st; four 1's. The 23Q,cqdeyprds in L, the 26_¢o Qrs

foll oﬁng%fﬁégﬂ the 35 binary 9- ’l]—'g}la’é\soﬁf ol l owi ng Z=0 %TP‘%?‘\%SQ
[Ilustrat gpecific locations gankedulerr] "1" and F0% tively,
within th§ﬂ16 'x$§2 array shown ind;'agk’s%‘ where the def iTSr)li ﬁ’gﬁ'ﬁ\?ﬁ:’h respect
to the conyesygryence between an agray, Jwgegiion and a 9-tuple in Fig.3Aap-
pliesg The pattern of 's in L (4, 6', 4) represents all 9-tuples which cannot
;be used awGovdewprds. The space ofqQ20f,4iWyput bytes [err] is divided into 13

Pairwi se disjointsets [err] k=1,2,...,9,a,b,cd, where the subscript k is a
hex- adeciwgYnipber. 20 The @)=eWpiWo Yof the subsets [err] k=1,
2, ..., d, will be illustrated as specific locations marked "k" within the 16

X 16 & ray shown in Fig.5B where the definition with respect to the
correspondence between an array |o- cation and an 8-tuple in Fig.3B
applies. The 230 bLﬁ’t es in A(4,6,4) marked "k" k=1,2,...,9,a,b, are mapped
in- depend&GOPER QHEVENcoder state Z Into the 230 binary 9-tuples in L
(4,6,4 ked rr] where the I nmages of Ak, k=1,2,...,b, are [err]™

k=1, 2?”?.%.’%?1 F rrhY'rﬁﬁgY‘Zbgbyt es in A(4,6,4) narked "c" and d" are
mapped ei ther i.g-t-e# he,26 codewords in L (4,6,4) marked "1" If Z=1 or

% rd% dﬁ%e

into 26 code 48t bl of the 35 bi nary 9-tuples in L(4,6,4) marked

"0". The nks [ =MWZ2.1t...b, are illustrated as |ocations marked
k" wigt hi S EE 16”?{;‘?[2‘&;‘1%9‘5 owrf in Fig.5C, where the definition with

respect togthg,. g_tgs_@w,ep@f.\&gqld;eemqm@rray | ocation and a 9-tuple in
Fi g. 3C applies. The inages of the 26 by'tes in [err] k=c,d, -depend on the

encoder stxtQ,4 (BRAVHE Q, WG V) 8@, by, 3X)HTR . vpeaiivpns marked "c" and d in

t he above array. The pattern of _ 's in D (4,6,4) represent all 9-tuples
Whi cheear e Xiet (Qu$ag « ¥p+ QodRWORAY, 1Y » W% $ GasQelve pattern of -'s in L
(Z,6,4) in addition to 35-26=9 unused 9-tuples marked by "0" in L(4,6,4).
The (4, 6, & =RhcNidrQd¥bedddr Yot Ruediut WaisQehowrd«t s Fi g. 6( 6A and 6B). The
encoder | ogic_ 19 has, besides the eight inputs for bits [err] and the nine
out puts f ol HRa MRt Tdn&e bR ra i PpWe + Qi ch is con- 35 nected through a
del ay®el enent 21 to the bit output [err]. The delay el ement represents a
ti me delay correspond- ' :

ERROR DETECTION FLAG

50
?‘—'(Yi+Y2+Y:)‘_Y1'Y:‘Ys‘(Yv+Yt+Y9)'Y|°Y7°Y0'Yt'(Y3+Y4+Y0+Yo)‘
(5o Vgo Y e Vgo Yya (Yot V) + Voo (Vo + Yy + Y3) o (Vg + Yo+ Yy o (Vo + Yy + Yy + Yoo

55 Y+ Yo+ Yo+ Yo+ Y o (Yok Yo+ Y, 4+ Yy}



‘“ing tothe period ofthe byte clock. Thus, an input bit bl ockX may be
converted to twodifferentoutput ceplewyoieBy, depending on the |last bit of
the previous output codeword. The decoder need not to be a finite-state
machi ne (sequential decoder). A nornal bl ock decoder23 is suf- ficient
which directly converts a codeword Y into an 8-bit block X For the error
detection logic 25, however, 40 an extra input Zis required, receiving
t he | ast .‘lg“ [&4 of tlo iPrevious codeword through a delay el enent 27. The
encodgr a'rrd—a'e‘cd%!]er&kwgrg—rs shown In Tables 5 and 6, respectively. Logic
gate arrays inplenenting these | ogic equations are contained In the encoder
| ogi ¢ 19,variBLeecoder | ogic 23, and the errRARTA®INGCt | on Iogi c 25,

&fﬁspectlvely, of Figs.6A and 6B. Internedi ate vari abl es errg] 4=1, 2, , 22,
or the éhcd‘de‘% andeferr] i=1,2, M"Q‘ﬂ."?"s)f(&r*“f-}féx'd’éﬁﬁée#')vﬁr’ %ed to reduce

the nunbg; ogl gat es. An optlonal errog= ag.F, which is raised when
t he décodier i is an illegal codeword, xfs p-r‘ovi ded. 50 55 7 EP O
413 076 BA=lahl,e 1 (4, 6,5) EncodeLvlegic. 5 VAR ABLES,=v,.v,
PARTI TI ONS SUPERPARTI TIONS [err] 25 ENCCDER QUTPUT [err] 45
50 55 GR %13 076 Bl 3 Tabl e MM=M#VHXe)T: Decoder Idg:TMt% XsVARAABLES
PARTI ] ONS SUPERPAR]’I TI.O\IS [err] 25 DE QJTPUT [err]
s = Xy + Xy Ny==MsVyeX,eH *Vge Xy
Ve=Xe+ X, R,=MaeV;oX, Ry=MeVye X,
i 2 S, =MVseX, S, =MV, X,
ENCODER OUTPUT
2
Y,=.M1-x1+N1~x,+R1+S,-X‘+Tg+H
Y2=M|'Xg+R|+S«|+T1+H
0 Ye=MoX;+NeXs+R, + 8¢ X+ T +H
Yo Mo X+ Ny o X, + R o X, + 8, s (s +S) +H
Yy=M '
3 Yy=Mye Xy b Npo X 4+ Ry o Xy + 8, o (X, +8)) -
YymMye Xy +NpoXg+ Ry + 8o Xy + T, + He Xy
YgaM’.X1+Rg+s:+Tg
LG 40
hadd Yo= My o Xy 4 Npo Xy + Ry 4 8y 2 Xy + Ty + Ho X,
4
50
85

10



* ERROR DETECTI ON FLAG 50 _
(4.4.9) Encoder Logic. 5 VAR ABLEPg 41307681

PARTI TI ONS [err] ENCODER QUTPUT 25 [err] 45,50 65 10 EP 0 413 076 Bl
Table 4. (4,4,9) Decoder Logic.

PARTI TIONS [err] 26

E

55
PARTI TI

5

U
10
15
) 20

\:é" '

25
30
35
ot 0
45
50
55

[err] EP 0 413 076 Bl Table 3.

5 VARI ABLES

DECODER OUTPUT [err] ERROR DETECTI ON FLAG 45 [err] 5D

P v/ Jable 5. (4,6,4) Encoder Logic. VAR ABLES
O\?%——Lj——”"bé@ 448 deosdr Logic ~ SUPERPARTI TI ONS

VARIABLES

W =Y, e Y, oY,

Wy =W, Y,

W,=Y,e Y2 Y,

W, =W, .Y,

We=Y,+Y,+Y¢
We=Yoo Yoo Vot Weo (Voo Yo+ W)
Wy =Y, oYy +W,+ Ve Yge Vo0 Y,

We=Ye+ W, +7,-Y,-Y1 A

DECODER OUTPUT

Xy=M oYy +Nyo Y+ T+ HeY,
Xe=My oY+ N oV, + R + T,

X, =M, s Y+ Ny oYy + T, +He Y,
Xe=M;e Y, +R e ¥, + T 485,07V,

Xg =My o Yg+ Ry o ¥, + Ty Sp 0 ¥y + H
Xe=Mye Yy + Nyo Yy To+ H

Xy =My Yo+ Nyo ¥y + Ry + Ty + H

x'=M=.Y’+N!.Y'+T’+H

ERROR DETECTION FLAG

PARTITIONS

. M|=Y=+W, M!=Y,+W¢

-N‘=M,Ovz N:=-M-z'-v.|
R1=-M-|'WQ'W7 R,a-ﬁ,-W,-W.
To=My oW, o Y, o R, Ty =M, s W, s R,

s'=-ﬁ,oYz-Y|0Y, sz""'ﬁz'Yt'Y?.Y’

H =ﬁ1 'Wz'vl

?st(Y‘+Y,+Y,)-(Y‘+Y.+Y,-Y.)-(Y7+Y.+Y;)-W4-W,-Y.+-Y-50(Y,+Y3)-(Y1+Y,)o

Yok Yot Yoo Wy + Wie Yy)

1"



[err] "ENCODER QUTPUT [err] 50 12 EP 0 413 076 Bl Table 6. (4,6.4)
Decoder Logic 5 VARI ABLES EP 0413076 81 PARTI TI ONS

SUPERPARTI TI ONS [err] DECODER OUTPUT [err] ERROR DETECTION FLAG [err] 13

EP 0 413 076 B1 Cains 5 1. Method for encoding binary data being
‘partitioned into bl ocks each having a first given nunber k of bits, into
codewords each having a second given nunber n = k+ 1 of bits, said nethod
conprising the steps of: - receiving the binary data; - producing sequences

of fixed- | nBRshie AASWRELASgic, 10 - said sequences having no nore
than a first preselected nunber [err] of consecutive zeros therein; - said
sequences conprising two subsequences, one consisting only of odd bit

pasgi tions, - other consisting only of even bit positions, each of
sai d subse\aﬁe&%&%{; havi ng FABTHBNS t han a sec- ond presel ecserkrPARTIRINS] 1 T ]

of con¥ecuy,iwp+ REr os therneip; ,characierjzed_in that 15 - codewords
are sel ected such that the n’a%i‘ rrh?'fm n%!r?ﬁ)ér'v‘éf’“consecut-i ve Sred+Mich can

occur in dhyVeb¥eword sequencd,does paty eyceed a third prese nunber
(Gl) whi ch/ i=§( a,m ni mum possi bI“e in connection with the glg’vgédg'%ﬁg'i nation

of fi r?t prestl #dtad nunBetVer¥nr] anfe=<GeBnv, pvedhkEct ed spsder, fefr]. 20

2. AnE] hodv,a®Eeg o ng to 93\'/{“\/,1 f or'g’z'r1=c€g.‘il.’ng dat af rom V\hi_(s:‘h=§3i Pparti tioning

" 8-bitdata bl ocks were forhed
Vs-X.-X;-X. P==V5-V1, P“=V“.(V".v.+v“.vm) ss=Pg+P“

Vem X5+ X, Pe=V, . VoV, Pu=Vy eV, Se=Pp+Py,

_ Vym V4 X + X, B, =¥,eV, Sy=Py+ P,
Vy=X;o X, Sy=P;+P,

Vs’ﬁ

Ve=X+V,

Vig = (Vo4 Vi) o Ky + Vg + X} o (Vig + X))

0 Vi=VieV,

Vi =VyeV, ENCODER OUTPUT
Vie=VyyeVyy Y,=S,-X,+P‘-X4+P,-(X,+')—(,)+P.oX.+P,o')-(',+S,-X,+P“,-X,+S.-i
B Veg=Vyev, Yy=S;oXo+ Pye X+ PyoXy+ Pyo Xy +8g0Vyy+ Prgo X, + 8o Z '
Vy=V,ev, Ya= 8y o Xy 4 Pyt PyoVip + Pyo Xyt Pyt PyeVp + P e Ky + Ppy o K -850 Z
. Ve=V2+X, ' Y.=S¢'X.+P‘+P,-Z+P.-X.+P,.+P,,.-Va+'P,,'-X‘+P,,-Z
Aot 40 Vu=VeX, Y,=P,+P|,~Z+P.,,o.z
Ve=VieV, | Y=o Xk Pyt Pyt Py Ryt Py Py e X,
V=X, o (X, + X)) Y,=S,-.X.+S.+P.+S.+P,,
“ Vay =X, + Xy« Xg Yo=8,0 X+ PyoXg+ Sy + S, + Py Xs
Vaz = Xy + X, « Xs Yo 8,0 Xy + Sy e X+ Py Py o Xy + P o X,
50

55
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into 9-bit codewords, conprising the steps of: - selecting fromthe set of
all possible 9-bit words Y= [err] gpossbreqbset [err] of 263 potential co-
dewords satisfying the logic conditions and . - [err] - selecting from
the full subset of potential codewords, a partial subset of 256 actual

codewords; _- assigning to each one of the actual codewords of the parti al
subset, on@mi ble 8-bit so data bl ocks; and - for

encodi ng, replacing each data bl ock by the assigned codeword; such thatfor
the regul ti ng sequence of codewords, said first preselected nunber [err] is
four, saidvamgsueg presel ected napgh err] is six, and sgj '
presel ected nunber [err] is five. gl.rou,%\rret hod accordi ng tgb%%w.%?”s
flopencodi n¥h ddt-d: ffaom whi ch bypaet¥séwoni ng 8-bit data bl kg, vgre forned,
into 9-bitwcodewords, conprising the steps of. - selecting fromthe set of
al | powsi bl"&a=dtt words Y= [ er®= e frafWe Mbo¥ot+ WiaFd] of T26@ 4t ent i al
codewords faLisfying the |ogic condi&igns=4 [err]
and - selecti Ir\lrg Y%/rom the full s%b_sq’g‘t '()?J’]pvg‘t g’r‘i‘ti al codewolddT *de parti al
subset of M&Yaotual codewords;q,=WsHl.@gpwWg to each one Qf=éh+eqa,§bual
codewords of the partial subset, one_of the 256 possible 8-bit 45"
data blfock¥=drd>- for encodi ng::=%pFa®iiri¥s each data bl oak=hyd,he,assi gned
codeword; gugh hpat for the res I_t.\;r\g %\gquen.ce_of codewords, said first
presel ected nuiber [err] is fouf® daryeelshat br¥del ect edeBrb®s [err] is
six, and sa,@vjd¥,rd presel ect edquuphel.vlagr] is five. 50, _ .+°Arret hod
accordjng to Claim1, forencodi ngdata romahi ch by partitibnrhg 8-bitdata
l'ocks wer & rdrrfbd, into 9-bit Quediwere® -weoRprising the tstapsqof: -
ecting g\;grp'twe set of all possiblLe 9-bit words Y= [err] a full subset
[err] of 259 pbténtial codewor dd=%ereffyithig t he | ogi c coMoeTidoms 55
[err] and w,sefeglivgg fromthe fuld SURSes of tential codewords, a
parti ads subset of 256 actual coé"eV\?)’r g’s%%ﬁ' Wi+ 0 413 076 Bl - assigning
to each on#¥wefY.#Y¥e actual codevey(<l%.of.¥he, fEy].d,.gubset, one of the 256
possi bl e 8-bit data bl ocks; and - for_encoding, replacing each data bl ock
by the assi¥pTe¥ t¥deword; such rma¥s«®or the resulting sequence of

codevvoazds, W%@H..T,'l .rst presel ect&:’d ﬂl,.l ..%-r '.[ﬁrr] _| s four, said second

Wie=Y, +Y,
Wy=Y, 4+ Y; DECODER OUTPUT
35 Wi =W +Y, T XymTye Yy T+ Qge Y oWy + Qe ¥y +Q, |
Wy = W, + ¥, Xpm= (Ty 4+ Qe Yy + T,
' Xy=Tye Yo+ T4 QueWyy + Qe Vot Qpe Wy + Qe Y,y
ey ¥ Xe=(Ts+Qu) e Yat QueYy+ Que Vot Que Wy +Ques Yy + Que Yy Yo # Qe Y,

Xe=Tgo Yot Tao Yo+ Tro Yo+ Qpe Yot Tge ¥y + Qi

X.-T,-Y,+T.+Q;-Y;+01-7;+Q«,-7,+Qu

4%
K =Tee Y+ Ty +QueYs ™.
X.=T,7Y,+T,+Q.-Y,+Q,-?,
50
ERROR DETECTION FLAG
F=(Y7+Y.+Y,).Y,.Y..'_Y,'.(Y,+w,,).(sz,,).(2+w,).(v,.w".'——ww.Y.,-—-w',y',
s (W.+w,)-(w.+Y,)+?,.(w,,+v‘).(v‘+w,,).(y,+w“).(w“_,_y,).(w"+wu).

Wi+ W) o (Y, + W) e (W, + Wie) » (W, + W, » Yy)}
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-5 presel ected nunber [err] is four, and said third presel ected nunber
[err] is nine. 5. Anmethod accordigpg#1®er€Bai m 1, f orencodi ng dat af romwhi ch by
partitioning 8-bitdata bl ocks were forped, jnto 9-bit codewords, conprising

the steps of: - selecting fromthe set of all possible 9-bit word Y= [err]
a full subset [err] of 259 potential co- 10 dewords satisfying the
| ogi ¢ copgihé ONs [err] and 15 - selecting fromthe full subset of
potential codewords, a partial subset of 256 actual codewords; - assigning

to eagh qnemghodiibi@nddaihg/Bihary @AHMME Partitdhed IREDIPIRE édcft having B ikt giveR Rgmbef k 47 Bits, 256
possi bl e 8- jaiolcodbwbrak Sdch Aavihg a sbddhid §Ven AGhEY n = k£ 1P bERks, B@id Mambd cbiripising|ticsepby t he
assi gned cogteword; such that for the resulting sequence of codewords, said
kK irst presel eataivingthelbmarydatay | is four, said second 20 presel ect ed
nunber [err] -mrodixciws,eqtan@sseﬂxeld-lbﬁu'thmbdMel ected nunber [err] is nine. 6.
Anet hed accor di- regid sesiueices having noimoredhrane fiist rieselagted nuimbar{Galoif ecnsdgytivpzarasithereimi ng a
sequence of 8- biseidgequences epmprising dwd aupspgupnces ang cepsising qely ef@ddit pysitigng, and an-
codewor ds, conp rq“?l' gegeistingoninofqyen higpositions, aach etspld qlbp?qymcpﬂewwo mgre thanja sec-
possi bl e 9-bi t VVB EFQ“'P‘“’ 'Wm"se""t“’"“%lth Pifist ful subset (L) of 230

actual codewor i C cond| i ons err - a
secontf subsef gg%;j '?fé% he{ 'ﬁ ?ﬁ?& E mi ag‘
;g‘: Ig?]{ |yi';1lngstege F'cqlk aqlvenco bnar pﬁesrl numL an sé?:ot &St C5
conditions [err a(rqir'} seI ecting from t he t hi rd subset of pot ent I al second

condi fi opal AmetHEIRERTng toCIdNA A Hdr BhcodiktaRirom whidifbypartitiongs-bitaRblotiksWarlformed,
codewor ds; nto@dbiticGiewords, bompaisingthediépsof: t he actual codewords of the subsets,
"‘o‘he of the 25 Gselotting frivh the Set bf dll pebaibla 9iblt @arsY=(WiYe1).,Y2)a fulifsulssai (U,) ¢fasFgokeintial &o- bi t
dat a bl ocks eateworiesatigfyiagstbe lggiecbnditonene first conditional code- 45

word and t offene YeGrrsedat i + Gérh + Yot ¥anoYeck Y2000 + Y5 £ B4+ erroQEYnygYstiYestaci ng
each sata bl ock by the ssYgnéd YekMetNGrid(y +HYdYsesdObit ¥ =df t he conditi onal
codewor ds depedi ng on the binary value of the |last bit of the previously
gener at ed codewor d; sUeKXsttdYsGrYst b HeYuYaYeXpYeatdglefae =9F codewords, said
first presel ecﬁelSEf'“ﬁU?mg'Pf‘["éP of Rotanjg| codeworrls, a partial 6208 petual godeviorime
[err] is six, %ﬂﬂ"@é‘? 8pch e qf the actual icodewards of (haRaFtis supset. ope.of g 256 pasgible §-bit

Appar#t us for BRCHEE®ol nary dat 3 it g codeuprds,  said appar at us

conpri S I ng: such that for the resultmg sequence of codewords, said first preselected number (Go) is four, said second
preselected number (lo) is six, and said third preselected number (G;) is five.

35 3. Amethodaccording to Claim 1, for encoding data fromwhich by partitioning 8-bit data blocks were formed,
into 9-bit codewords, comprising the steps of:
- selecting from the set of all possible 9-bit words Y=(Y,Y>,...,Yg) & full subset (L;) of 263 potential
codewords satisfying the logic conditions
(Yot Y2 +Ya) (Yo + Yo+ Yo+ Yo+ Yo)(Ya + Yo+ Yg + Yo + Yo) (Yo + Y5 + Yo + Yz + Ya) (Y7 + Y + Yg) =1,
i . 40 (Yi+Ya+ Y+ Y (Ya+ Y+ Y7+ Yo) (Yo + Yo+ Yo+ Yg) =1,
b and
Y4 'Yz'Ya'Y4 + Yz'Ys'Y4'Y5'Y3'Y7 + Ya'Y4'Y5'YQ'Y7-Y5 + YrYa-Yg =0;
- selecting from the full subset of potential codewords, a partial subset of 256 actual codewords;
- assigning to each one of the actual codewords of the partial subset, one of the 256 possible 8-bit
45 data blocks; and
- for encoding, replacing each data block by the assigned codeword;
such that for the resulting sequence of codewords, said first preselected number (Gy) is four, said second
preselected number (lo) is six, and said third preselected number (G;) is five.

4. Amethod according to Claim 1, for encoding data from which by partitioning 8-bit data blocks were formed,

% into 9-bit codewords, comprising the steps of:
- selecting from the set of all possible 9-bit words Y=(Y,,Ys,..., Yo} a full subset (L,) of 259 potential
codewords satisfying the logic conditions
(Yt Yo +Ya) (Yot Ya+ Yo+ Y+ Yo)(Ya + Yy + Y5 + Y + Y3) (Y4+Y5+Y8+Y7+Ys)(Y1+Y8+Y9)'1
55 (Y1 +Ya+Ye)(Ys + Y7+ Yo) (Yo + Yo+ Ye)(Ys + Yo+ Yg) =1,

and
Y1-Y2Ya Y4 YsYe + Yo Yo Y7 Yo Yo =0;
- selecting from the full subset of potential codewords, a partial subset of 256 actual codewords;
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- redeiver neans for receivi ng the binary data and for partitioning them
I nto bl ocks each conprising.a firgdogisgpginunber k of bits: - encoder
means, coupled to the receiver neans, for producing sequences of

fixed-length codewo ach a 0 +1. of
b: ;(s - Sg.l d s§ ji'a"\?le gt%r%é" r°§g'{°ﬁd§°?t§ a"'agf%ﬁre"s'gm p°?Js' e(]ear'b"‘[ err]
of consecutlvefo,z gds tl&ﬁéﬁ"g'lachdaﬁ%logk epeuagg} §c&ggﬁg| si ng tvvo subsequences,

one consi st igfg yf! 4s; said¥ Eurﬁ@ﬂ%l,)%tf&d? Qai SciindOf

even Qi t pogreLél&Eb%nurﬁ&F ) [3ouP @hdhaf it PrSSIALEea Sty (G)ds ARk, DT € than a second
pre- 413 076 Bl sel ected number [err] of consecutlve zeros therein;

char act er8. z ashelivad accardinglo Sleitpuicforeasoding detdfeym which byyeartitianing8rhit datinblockewerdroneld,
wresel ect ed intafbisoddwords| comprismg theetepst dfve ones therein; - said third

presel ect ed nusdiesting feomythe setaf alhrpssitie:9-bif word\(R{Y1)Val. 1)) gfulbsubiek (b2) ot 258 petentiglicpon

Wi th twhe gi vendsvords satisfying thedogisigpndifienson of first presel ect ed nunber gn_rr]
and second gYé&YetBrdet Yottt *[YorYa* Yig Ys ANph Yt (Yt Yac Yot o7 e (Yo + O taYohTY

conpri sing an encoder f Bf *dohY ﬁsl g*@ﬁ‘fﬁ""ﬂﬁb’dt‘“d’a‘f'é"@l‘&cks X= [err] into

9-bit output c vvords Y— [er i eng;o\ggrv H(n a Ioglc gate array
Y5V Yr Yo

I mpl e- nmenti ng {’ﬁ
such that InT a
the resulting Eﬁ" & of° Bﬁt pu co e%’r S saaﬁ'(;dﬁ$I oﬁﬁg@ﬁ%&ﬁ%ﬁ iz 't
[err] Isfour FY @e Sfala®iobies) i ushsled Is si x, and saldthlrd
presel ect ed s&Bﬂ ﬁgrt'eer% ting énlé@ofoo% %"é’aﬁ& Prestidefali ﬁﬁrﬁb‘lr(b&) .s%fi“s&h zecond

Conpr i,si NY rasfdtied Rih @J):s%?xp\éﬁ‘d"éald%d? Idcted Rihter (Y iSnifd
_;|_*err] Into 9-bit output codewords Y= [err], said encoder bei ng a | ogi c gate

ray i nyé e-Amethod acagrdingte Claing, for enedding dl!mtBothrdh by partitioning a sequence of 8-bit dpt@ biogk 16
EP 0 413 07@eadforniedrint a $équence bf HHiteodewords, commisingethe stepsref:ar bi t rary sequence of
i nput dat a bl-oedtestingffrom themst of el pdssiblegrbibwardedr€,.Yoi.Ydut put codewor ds sai d
first apresel ect et il avbst (U of28Q actusl qogdawords safistying the dagig cpnditians| ect ed nunber

[err] is folf YatYd et ¥4 VaitYe* ¥o0od Yot Vet Yot Y & * Yo *Ys+YP)'We."Ya+Y9)=1-
(Yi+Ya+ Y+ Y7)(Ya+ Yo+ Y7+ Vo) (Yo + Yo+ Yg+Yg) =1

and
Y-Yor Yz + Y2Y3Y4Y5Yg +Y3 Yy YsYeYr + YgoY5Yo Y7 Yg + Yr-Yg Yo =
30 - a second subset (1) of 26 actual first conditional codewords with Y=Y,=Y;=0, satlsfylng the logic
conditions
(Ya+ Ye) (Yot Y+ Ye) (Yot Y5+ Yo + Y7) (Yo + Y5+ Yo+ Y7 +Yg)(Y7 + Ys + Yg) =1,
(Ys+Y7)-(Ys + Yz + Yo) (Yo + Yg+Yg) =1,

and
35 Y4YsYeYrYg +YrYaYg=0;
- athird subset (0) of 35 potential second conditional codewords with Y,=Y,=Y;=1, satlsfymg the logic
_ conditions
- (Y4"‘Y5"‘Ya+Y7"'Ya)'(Y7+Ya"'Y9)=1.
and

O 40 YoY5+ Yy YsYet+ Yy Y5YeYy + Y4-Y5'YQ'Y1'Y3. +YyYeYy=0;
N - gelecting from the third subset of potential second conditional codewords, a partial subset of 26 ac-
' tual conditional codewords;
- assigning to each one of the actual codewords of the subsets, one of the 256 possible 8-bit data
blocks, with 26 of said possible 8-bit data blocks each being assigned to one first conditional code-
. word and to one second conditional codeword; and
- for encoding, replacing each data block by the assigned codeword, the selection of the conditional
codewords depending on the binary value of the last bit of the previously generated codeword;
such that for the resulting sequence of codewords, said first preselected number (Go) is four, said second
preselected number (l,) is six, and said third preselected number (G,} is four.

% 7. Apparatus for encoding binary data into codewords, said apparatus comprising:
- receiver means for receiving the binary data and for partitioning them into blocks each comprising
a first given number k of bits: - _
- encoder means, coupled to the receiver means, for producing sequences of fixed-length codewords
. each comprising a second given number n = k+1 of bits;

- said sequences having no more than a first preselected number (G,) of consecutive zeros therein;
- said sequences comprising two subsequences, one consisting only of odd bit positions, and another
consisting only of even bit positions, each of said subsequences having no more than a second pre-
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'20 10. Apparatus according to Claim?7, conprising an encoder for converting

a sequence of 8-bit input data blgegsmssreserr] Into 9-bit output codewords
Y= [err] said encoder being a sequential encoder (Fig:6A) having nine

out puts for fugerlli inn etg:&f%nggwp“imtzgmgh% _ctﬂargMJb codeword; and having
nine inputs, e C a\ ' i 5

o8 " 1t o e ot AR 1 Dol Rime! £ By

ni neth out put_ L4 dikiesdiettSd dhbst (G hdVRB the irfnimum viide HodsiBle RFBhneERAWith b Bidon?

| ogi c ggat e arr gombindiitn @FfirSiprdaslediddTumbs () dnd setohdPsseleéd dumbbri). [€r ] 55 and
17 EP 0 413 076 Bl [err] .such that in response to an arbrtrary sequence

of i nput 8latAapdptec hecprding rto tQledm 17 Somyprising) ap eaoasiac for gbnvenritg Gbit Al data tpcisai d
i st preseXe@s .¥sl..HKa)initeed-bif autpnlcodewords Vit (Y1, &ai. Yh). &id encadep baingeal Iegicigatd amepiple-
[err] is simentng thelogicrelations said third II)resel ected nunber [err] is four. 11.
Decoder apparatus for converti Yg=8sXitPsXapBet 8dceWor ds [err] generated by
encoder apparatus accordi ng t¥=s%s hPeeXs APe* B+ o¥ut put data bl ocks
[err], said decoder apparatus co eEp %Y*Iq(%gise gate array inplenenting
the logic relations [err] with 35458 1Xo"Peded G4t Puppar at us or converting
9-bit inputcodewords [err] geneR,aL d % s paratus according to

ogder
Clai m®, into 8-bit outputdaha §iO +_§+§7" *+ ald, decoder appar at us
conprising a logic gate at;,r__éy.&. l, 1 %I;Q_ ,s%ations [err]
EP0413076B1 [err] 13. DecoUgL@py: %_,Qﬁs‘,érm%;ﬁsq@c it input codewords
S

[err] generated,jpy encoder apparatu

. 20
e V, =X, 4+ Xa + X, _ P, =VyeVyo VoV oVseVs S, =P+ Py=V,
Vz=.m ' P,-:»T’.,OX.,-XH(S(—:-P?:) S;=Ps+ P
® V=X + X+ %, ' Pym e Rpe Ko (X1 +X) . Sy=Pi+S,
Vym Xg o Xg o Xy Xy © PPy ePyePyeV eV, S,=P,+ P+,
0 Vs=Xet X+ X+ X | Py VyeVy Sy=Py+Py+ P,
Vom Kyo Ky o Kg o Xg o (%2 + X7) Pa=V,oV, o Se=Pi+ Py
V= (Xg + Xp) ¢ Vs Py Ve Ve Xs S,= P+ P,
36 P.=V,.v.-x,' Sy=P,+ Py ‘
Py =V, o (P; + Pp) §y=P,+S,
l\a;/ 40 such that in response to an arbitrary sequence of input data blocks, for the resulting sequence of

output codewords said first preselected number (Gy) is four, said second preselected number (lo) is six,
and said third preselected number (G,) is five.

9. Apparatus according to Claim 7, comprising an encoder for converting 8-bit input data blocks
45 X=(Xq,X2,...,Xg) into 9-bit output codewords Y=(Y,,Y2,...Yy), said encoder being a logic gate array imple-
menting the logic relations .
Yi=MgXg # N Xy + Ry + 8- Xy +Ty+H
Y2=MgXo#R1+8;+Ty+H
Ys=M;Xg+ Ny Xg + Ry + S, X, + Ty + H
50 Yy =MpXe + NeXo + Ry Xy + 805+ 8) + H
Y5 =M .
Yo = MaXg + No X7 + Ry X5 + S2:(X, + S)
Y7 = MyXg + NpXg + Ry + 83 Xs + T2 + HXs
- Ye=MaXz + R+ 8, +T;
85 - Yo = MxXg + No-Xg + Rz + S-X5 + To + H-X,4
with :
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‘according to aim10, into 8-bit output data blocks [err] said decoder
apparatus conprising a | ogic gatcgmgamwzéBy! enenting the logic relations
[err] with 40 45 50 55 EP 0 413 076 Bl [err] 35 PatentansprCOche 40 1.
Ver fahren zum Codi eren binaer Datn, die in Blocke untrteiltaind, von denen
j edersi ne erate ggebene Anzahl k an Bits hat, in Codeworte, von denen jades
sine zvel be-geseheng. 4nzanl n = ko ke, 3p. odlkk, AE0xPALTLEEN: -

Enpi angen der bi naren Daten; 45 - Erzougen von Fol gen von
Codewgy t eM:# %3¥erX; iXsngo, - di e Fol gen ent halt=eX-W-¢ht nehr al sl ne erste
vorgew hl t eAnzahl (Go) aufeinanderfol gender Nul - lon; - die Folgen unfassen
zwei Subf 31@@1"' von denn m ne nurTial)’s?‘(qngeraden Bi t pos¢F6Bm¥n und die
apder e nugaug .geraden Bitpositiongn. eht = wobei j ededer folggn -

ni cht rrehrgT sﬁ‘oig'ne zwei - 50 ﬁ’_E]e"t%%e’?fo‘r.’gewahi te Aﬁ'géﬁpfﬂ&' e*H

auf ei mandeg£rj4ggnder Nul | en ent hf |4 WM. ¢alufch gekennzencbmey,.xgag - die
Codewortb so ausgew hit werden, daB di e naxi mal e Anzahl

auf ei nand¥rf&sgfender Ei nsen, wel -Rcid+YnXsi ner bel i obi @enMEEdafort f ol ge
auftreten kann, sine dritte vorgwii hite Anzahl (Ad) nicht_QO.ber- schreitet,
wel che ein Mninumdarstellt, dasSiThv V5 ndung nit def:@Me¥ed vor gewi hiten
Anzah!®™ (&) 55 und der zweiten vorgew hlten Anzahl (I a)

”Bg' 'D;[‘egwe' se aub bl el Gandial an iﬁiﬁryre ';Li'i‘,h o8 0 IR ke HARRY HEHe fesdh %g‘se%%g.’.og of "
von Daten, Qg Wideuid i ive: bbb Rire Gl it SibbieBbetidrol o
9- Bi t - CodewQp & AfR g\ag b (G.) i hie. S I'e Tolgenden Schri o) EP
0 413,076 Bl
_ 10. Apparatus according to Claim 7, comprising an encoder for converting a sequence of 8-bit input data
et blocks X=(X;,X5,...,Xg} into 9-bit output codewords Y=(Y,,Y>,...,Yg)
said encoder being a sequential encoder (Fig.6A) having nine outputs for furnishing the nine bits
of each output codeword; and having nine inputs, eight of them being connected to receive the eight bits
25 of an input data block, and the nineth input (Z) being connected to the nineth output through a delay ele-
ment {21);
said encoder comprising a iogic gate amray implementing the logic relations
Y1 =82X1 + PyXy + Pg-(Xy + Xg) + Pg-Xg + PrXy + S5:Xg + P1o:Xs + Sg-Z
Y2 = 82Xz + PsXy + Pg-Xg + Pr-Xg + S5V + Pro:Xs + Sg
30 Y3 =82Xs + Py + PgVip + PgXg + Py + Pg:Viy + PygXs + Pyy-Xg + SgZ
Y4 = 82Xy + Py + Pg:Xy + PgXs + Pig + PyyVip + Py Xy + PygZ
Ys=P+Pi 2+ P13-2
Ye = SyXs + P3 + P5 + Pr-Xg + Py + Pya-X,
Y7=83Xg+Sg+Pg+Ss+Py3
35 Yg = S4'X7 + P5~X5 + 85 + SL+ P1o'X5_
Yo =84Xg + Sg-X5 + P5 + Pr-Xg + Pyg:Xe

with
i, o VimXex ' Vy =% X, L VesVatx,
- Ve=Vi+ X, V=X +Vy : . V=V X,
VisXe+ X +X : Vig= (Vg + V) o Ky + Vg + Ko} « (Vi + X) Vig=Vyev,
€ V=%TR % Va=VyeV, - | Vu=Fee (4 %)
Vs=Xgo Xp o Xy V=V V, : Va =X+ X; 0%,
Ve=Xs+X, . v,.=v,,-v,,. Vs o Xy 4 Xy 0 X
% Vy=Ve+ X, + X, Vis = Vgo Vi
Vc'=m o Vie=V,«Vy
55
and
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'[err] 35 Pat entansprOche 1. Verfahren zum Codberen binArer Daten, die in

Bl 8cke unterteiltaind, von denen gpaflfas or¢ er ste gegebene Anzahl k an Bits
hat, in Codeworte, von denen jades sine zweite gegebene Anzahl n = k + |
Bits hat, mt den Schritten: - Enpfangen der binaren Daten; 45 -

Er zeugen von Fgl,ggn way, Codeyeyfen,Ngster LAnge, - Qi%PF'ngen ent hal ten

ni oht nehr als bl ne erste vor gewahl te Anzahl (Go aufei nanderfol gender Nul -
len; - die Fol g¢ lc,infigssen PRV, oupf ol gen, von dene®:eSnEPrtifr aus unger aden
Bi t pogi ti onen und i e andere nuraus geraden Bltp03| t| or&en Pbg teht,

wobei j ededer Sule aWgen, ni cht et Gle¥, SlaeViwhi X 50 f‘e vorgew hite
Anzahl (1.) aufel nanderfol gender Nullen enthalt; dacgJ (gﬁ+ kennzei chnet ,
daBl - di e Coderyers Vg0 ausgfbn\/ﬁrvn‘l"werden dal di e magingi e"AnzahI

auf el nander f ol gender _El neen, che in elner bell dewortfol ge
auftreat en kann, Fsea\hevdrlttefoﬂr@éﬁk%’fﬁ"ﬂ‘!aﬁs (Q) ﬁgﬁbﬁf d‘);grv- schreitet,
wel che ein M ni nrum da.L.s.t.eI it S -I-n Ver bi ndung mt glerpgrehen vor gewahi ten
Anzahl (GO 55 Ps= Vi e VeV, unop‘ﬁ'e?'zvﬂel ten vorgew hiten Anzahl (lo

nBgl i cherwei se _i' ten kann. 2. Verfahren nach AnSpBcHPl zum Codi eren
von Daten, von NEM aus den unt erteilbtn 8-Bit-Daten- bl 8cken

9- Bi t ®Codewor t e gebi | det werden, unfassend di e fol gebdefBhri tte 20 EP
041307681 1111 K111III|1|1 1T TTK 1!

thati resﬁ:glnse fﬂ Eﬁlﬁ tl§e éncel gf’
9-Bits W)rte a,d h bsatz en ogls"é’chen

,Bedln- gungen erft |t (Y2+Y3+Y4+Y6+Y)Y+
6 4 YO 4. YﬁW#aﬂpa?éﬁnsfm&@vdtnrﬁE—bh irﬁut codewords Y=(Y,,Y2...,Yo) generated byenooderapparatus
Y8) ( Y7 + YSactorting to-Clalm 8,(i¥d 8-bit &ifput-da¥tblocks (X 3. Xe)Yaid-decSder-appéigtus cmprisingd + Ye

bestohend a

+ Y8) =1 uhdcmeaf&ymlemehﬁn‘(&e‘i@lé@almw + Y3sY4Y6YY7 Y8 + YrY7rYVY = O;
Ausvvab:l en ei nesTeil - Subsat zes, b@stbhietﬂ;bu&!&ﬁﬁakt uel |l en Codeworton, aus
dern vol l en Subsatz 10 ' o= Qu¥gs thefa *Todewor t e; - Zuordnen von je

el nem der 256 noglichen 8-Bit Bﬁt%ﬂbf@zk@ahrgtdv@ﬂnem der aktuellen
Codeworte des Teil Subsat zesX«Trfy'Ys+ Qz+ QeYr + QeYs + QpYs + TeY>
X5 = Qo (Y7 + Yo) + Qg:(Wp + Wo) + Qe:(Yy + Y2) + To-Yg + TpYy7
30 X = (Q2 + To) Y7 + Qg Y + Qp Yy + QeWr + Qp-Yg + Qp-Y7
7=Q2'w8+03'w9+Q4‘Y1 +Qa‘(Y3+W7)+Q9'Y1+T"Y3
Xg = QaWg + (Q3 + Ty)-Yg + Qg Yy + QeW; + QgY7

with
35
W, =Y,s¥, Q=Y T=Q,+Q,
Wo=Y,+¥, T Q=W e W, Tz=Q,+Q.+Q’
St 0 =YY, | Q,=W, W, T,=Q+Qs+Q,
W,=Y,.Y, C Qe=W,eW, Te=Q+T,
o =Yl C Qg=W,eW, _ Ts= Qs+ Qy+ Q,
W=V, Y, T Qe=W, oW, Te=Q+ Qe+ Q,
W, =Y+ Y, Q=W oW Y,
50 W,=Y,sY, Qy=W,Y,
Wy=Y,.Y, Qe =W, e Wy Y,

s5 12. Decoder apparatus for converting 9-bit input codewords Y=(Y,Y2....Yo) generated by encoder apparatus
according to Claim 9, into 8-bit output data blocks X=(X,Xs,...,Xg), said decoder apparatus comprising a
logic gate array implementing the logic relations
X1 = M1'Y| + N|‘Y1 + T1 + H'Yg

18



- Codli eren der Datenbl 8cke dadurch, daBJeder Datenbl ock durch das
zugeordnete Codewort ersetzt w rdpolfazozest SO daB fOr die sich ergebende
Fol ge von Codeworten die erste vorgewahite Anzahl (Go) die Vier ist, die
zweite vorgewahlte Anzahl (ia) die_gSeghs, i und die dritte vorgewahite
Anzahl (G) die FOnf !st. 3. Verf3i ﬁ@f*ﬁ?ﬂ%ﬁkﬁ Qﬁ.i uch | zum Codl eren von
Dat en, von wel chen aus den untenfeif t&pp 8 Rirt'sBayen- biocken

9-Bi t- Codeworte gebildet werder, = It ,iqﬁ,.genden Schritte: 20

- Auswgahl en sines vollen Subsatze;q.-_m +N st-%nﬁnd aus 263 noglichen
Codeworten, aus dem Satz aller gpgliivhRagv+RBiiTMMte Y = (Y, Y2, ..., YY)
wobel der Subsatz die fol genden IgnMahenBad,®H gungen erftlilt (YV + Y2
&£ Y3)-(y2 + Y3 withyd + Y + YO(Y3 + Y4 + Y + Ye + Y7) (4 + Ye + YO+ Y7 +
Ya)-(Yi + Ye + Ye) = |, 25 (YL + Y + Y+Y7).(Y4 + Ys + Y7
+ V) (%2 +, Y4+ YB.+ Y8) = 1 und YLVWy2 y3-Y4 + Y2-Y3aY4-Y5Ye. Yy7 + Ya3Y4 Y6
vgeY7 Y8 Y1971 v8 e = 0 - Auswahl MieNeeWs Tel | - Subsat zeMs =KesWehend aus 256
akt uel | eny,Cogeverten, aus demvol | en Suhsatz der noglichen_Cadeworte; so

- Zuordnen*von |t el nem der 256 IT¥eh 8- Bit - Dat enbl Bck¥:2Ys Je ei nem der
akt uel | en e des Tell-Subsafzes; und, - Codieren der enbi ocke
dadur &h, g%gj?éﬁe?, Dat enbl ock dur?&f'ﬁb"g‘dg@ordnete Cod M!'@’r'é’gt zt wird;
so dae fuw,dwg.gj ch ergebende: Fol gg 0 eworten die ersat yoegewhite
Anzahl (Go) dMiqe ier let, die 35 R \m';lv\v/&é:??‘e\%or gewahi tﬁfﬁ@h'h%'?go) di e
Sechs | etwyad, di,e¥drittb vorgewshid emniglv§Gl) die Fugf_izsty ,$-—sverfahren
nach gnspruch | .zuﬂ1 Codi eren von Déten',rw\%on' wel. chen ausg'deﬁ'suvﬁt e’rtYéi | ten

. 8- Bi t-DatWrFYbiberan-(Blt?,qugmrte gebi | det warden, unfassend die

0l genden Schritte: -_Auswl hl en sines vollen fubmuwaes,(L1), bestehend aus
259 nogl i Wi« QadMor Y, s GuY, dem Sat z al | er noglichen 9-Bit-Wrte Y = (Y.,
Y2, ... ,_.Y9) wobol_der _Subsatz die fol genden |ogi schen Bedi n- gungen

erfO bst: WoF Yot Yo+ ¥ wBpef{yB + Y8+ Y4 + Y5 + YS)-(Y3 + Y4 + Y4 + Ye + Y7). 4
+ Y8 + Ye + Y7 + YSAY7 + Y8 + Y9) = 1, (YL + YJ + Y6)(Y6 + Y7 + YV)(Y2 + Y4
+ Y) . Y4 -43.YDeoedérapparatus fdrbnverting 9-bit inpubicaeWprdy P=(Yi3¥zy. o) GBnefated by @ncudor BfparéBie YO =
0; - Auswahbesording tediain ¢9, intoSchitoutpyt data bibeks Xe(Ke¥ed.. Xa)saidXigGodaleppardtissgomprising a
Codewor t en, logig gatelamay ymxlamenting thedegicrelations npgl i chen_ Codeworte; - Zuordnen von
ja oi#em der 256 noglichen 8-BitTeMat battfPedalller ¥QY1& Qi nem der aktuel | en
Codeworte 50 des Teil -Sub§afge§9§$g1' r’&)dl eren der Datenbl ocke

4
dadurch, daB jeder D)%t=e&b_l Slﬁ‘éﬂgr‘gﬁ%‘%‘:z% 9“31. 2:%Rﬁf%za&eersetzt Wi rd;

Xs=TsYet TaYo+ Tr-Yg+ QpYs+ TeYy + Qs

35 Xe=TsY7+ Tg+ QgY;s + QrYo + Qip Yo + Qus
Xp=TgYg+ Tg+ QeVp
Xg=TogYo+ Tg + QgYy + QrYy
with
45
50
55
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so daB fOr die sich ergebende Fol ge von Codeworton die erste vorgewahlte
Anzahl (G0 die Vier Ist, die zwgplisiyerepgwahit Anzahl (10) die Mer let und
die dritte vorgewahito Anzahl (Gl) die, Neun.ist. 5. Verfahren nach Anspruch
| zum Codl eren von Daten, von wel chen aus den unterteilten 8-Bit-Daten-

bl ocken 9-Bit-Codeworte gebildet werden, unfassend die fol genden Schritte:

- Auswahl,gn &+ vol | en Subsaf z 2), bestehend aus 259 i.chen
COdevxorte‘ﬁ‘," dis?'dém satz 21 a"t"lé’(laﬁé‘g”zll13 076 Bl1l 5"“57'}”1 % c1111 11111
IR 5i al)£¥,.Wpglichen 9-Bit-YIWe. ¥ sw W, . wYdw,.7) Y ) 1M0kaigder Subsatz
di e fol genden | ogi achen Bedi n-. gungen erftlltr (Yi + Y2 + Yé)(yz + Y3 + Y4
+ Y5 + YO {¥B¥% Y4+ Y6 + Ye +)EW, Ty sWyows YS + Y7 + Y,3T,4M7 + Ye + Y) =
\l/ 5 (YL + Y3_+_YEYS + Y7 + Y9) (Y2 + Y4 + YO XY4 + YO
* ¥8) = IWamb YaYy' 3-Y4r Y6 + YR«6 YeWivByyo = 0; - Auswditt 8t Qu+Qq

ei nesfbei | 4 Subsat zes, bestohond.a akt uel | en Codeworten, aus dem vollen
Subsat z d‘(na"raﬁ'ﬁgfi chen Code\/\ortg',’u‘?t)'%??w"w" - Zuordnen vo ’ﬁB""eéj‘ﬁ'é der 258
n8gl i chenw8s Bj.ix,Dat onbl ocke zugj-Lovel ey {wel | en e ‘des

Tei | -Subsa%zels; *und - Codl er enqlde\r,' &f‘?‘nbl’gc’eknewd‘ggur ch, Cﬁg’%&?‘é 4

Dat enbl ocW;€¥i-¥a das zugeor dneQp=8pdavheWer set zt wird; sp=adaBaf,Or die sich
er geb¥nde Fol ge-von Codeworten die erste vorgewahit Anzahl (Go) die Vier
|st, die ¥6=Ye*Wr zuelte vor gewRi Ve Weraht:«W0) die Vier Qb die dritte
vorgewahi {, Agzahl (G ) die Noup ist.6, Yerfahren nach Anspruch I zum

Codi or en ?/’bﬁqbﬁtzbn, von wel cheﬁ’%ﬁ'ﬁ"{déﬁ’%ﬂt ertoilten 8-Bit=MutBn- bl cken

9- Bi t 5, Codgyyu¥, ev gabi | det werdeg, sssipd, diawfiol genden Schritte: -
iAusvvaﬁI on aus da!mw%atz al l er m%'l mﬁnﬁb-ﬁ% f‘-%'?’to 20

o= (Y, WR=Y%+Y,YO - eines engkdf.wplF,en . .Sybsaiiger) (L), bestehend aus 230
akt uel | en Codeworten, wel che die fol genden | ogi schen Bodi ngungen orf illon:
VI + Y2 Werdfu¥d¥i +Y Y3+4 + Y6Q=Y©)W¥¥3 + Y4 + YV + Ye + Y7).(Y4 + YS + Y6
+ Y7 2 Y Y/ 3 Y8 + YO =1, 285 = — (VY + YS + Y6 + Y7)(ya +
Y5 + Y7 9"'&’)(‘(’42*% Y4 + YO + Y85 iWutV-Woy3 + v2vava veve +

Y, . YAy YG6. W‘.=\ﬂ7‘_‘;‘l\¢'Y4 YYeVY7 YS + Y7- Yr YV = 0; - Auswfhlen eines zweiten
Subsat zes (1), best ehend aus 26 aktuel |l on Codeworten, die Iner ersten

Bedi ngungWg=tY,¥ly,= Y2 = Ya = O untbrliegen und woiche welterhin die

f ol ge¥den | ogi schen Bedi ngun-

18=Wy 4+ Y,

We=W,+7,

Patentanspriiche

1. Verfahren zum Codieren bindrer Daten, die in Bl6cke unterteilt sind, von denen jeder eine erste gegebene
Anzahl k an Bits hat, in Codeworte, von denen jedes eine zweite gegebene Anzahl n = k + 1 Bits hat, mit
den Schritten:

- Empfangen der binéren Daten;
45 - Erzeugen von Folgen von Codeworten fester Léngs,
- die Folgen enthalten nicht mehr als eine erste vorgewéhite Anzahl {G,) aufeinanderfolgender Nul-
len;
- die Folgen umfassen zwei Subfolgen, von denen eine nur aus ungeraden Bitpositionen und die
andere nur aus geraden Bitpositionen besteht, wobaei jede der Subfolgen nicht mehr als eine zwei-
50 te vorgewdhite Anzahl (Ip) aufeinanderfolgender Nullen enthit;
dadurch gekennzeichnet, daf
- die Codeworte so ausgewahit werden, dal die maximale Anzahl aufeinanderfolgender Einsen, wel-
che in einer beliebigen Codewortfolge auftreten kann, eine dritte vorgewéhlte Anzahl (G,) nicht iiber-
schreitet, welche ein Minimum darstellt, das in Verbindung mit der ersten vorgewéhiten Anzahl (G,)
55 und der zweiten vorgewidhiten Anzahl (1) mbglicherweise auftreten kann.

2. Verfahren nach Anspruch 1 zum Codieren von Daten, von welchen aus den unterteilten 8-Bit-Daten-
blécken 9-Bit-Codeworte gebildet werden, umfassend die folgenden Schritte:
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30 ) gen erfAlen: (V4 + YI)V(Y4 + Y5 + Y)X(Y47F Y6 + Ye + Y7) (V4 +

! Ya) i |Wun:jr gt ;vY: )e: g/yvg ISY;, @9{3‘33%%; Y7 (Y5H“mm"m“ MJfﬂLMlYe

dritten Subsatzes (0) von 35 noglichen Codeworten, die ornef zweite
Bedingung mitYl = Y2 = Ya = | unthrilogen und wel che Weiterhin die _
f oi genden | ogi schen_Bedi ngungen erfhllen:- ("4 + Y5 + Ye + Y7 + Y8)-(y7 + YO
+ YO = | ule=¥rp's+ v4 Y5. Ye +QaVedeYV7 + Y4. YS. YSeY7. YB=Q¥RhYq. YO =
0; 40 w.=7AYgwahl en eines Tejl - u%sa es, Jpestbhend aus 26 aktuellen
Codewor fen, i e’ deér zweiten Bedi (r?#"gvg'n "bh’?e&ﬁ%g"é%“’a)us dom =ttt Peen
Subsat z derwpigldyghen Codeworte, giiey, derwZill.gn Bedi hgung snterlbgen; -
Zugﬁdnen von Jo ei nem der 258 ntI’i chen 87Bi't -t enbl 8cke zf} j‘g"'e.llfjnem der
aktudl | en C¥deXorke der SubsatzeQwdper,.RHWon den nBgi chent,=q,+Q, +q,

8-Bi t-Datenhl *cken zwei fach zugeor dnet_werden und 45 zwar ei nem
Codewort, d¥&=detVrorsten Bedi ngufg=ft BrMoWe und ei nem Cod@weT,iQ.das, der
zwei t en Bedjpgyngyuntorfiogt; ung, - .ngl eﬁgd.er..Datenbl acke dadurch, daB

j eder Datenbnock durch das zugeo(radﬁé’f'e W &Ml 2t wi r &=%0h8k die
Auswahl der whadi /gt bn. Codeworte vpnylag,lbi igren Wrt des letzten Bits des
zul t zt ®rzougben Codewort os abhanét; so’ 7 *so daR far di etr’s"lgh'*'- *gebende
Fol ge von CleeWorWen die erste va,gavnai,tVAmeal] (GO die Vialqjsh, die
zwei tb vorgewahi to Anzahl (10) die Sechs let und die dritte vorgewahito
Anzahl (Gl) prEdaViser 1st. 7. Vo1Qs =dhe firds Mem Codi er en bi nargs T,Bad,on i n
Codeworte, wohet  di g, Vordi chtung unfaRL - Egpflngermtel zum Enpfangen

bi m rer”Dateﬁ'ﬁid%&‘Auftei lung dieesbr YodudXs Yt Bishcke, von de- fl5s

non’ j eder eiwge-guate gegebene AnzphlvKkwalwBiy ak~t, - Codiermttel, die
nmit don Enpffingermtteln verechaltet® sf%‘, ’éﬁ*#g’?é’ug n von Fol gen von
Code- wort eWn=e¥j €Y, LAnge, von depgevg.@les Codewortei he zwel bt gogebene
Anzahl g = k i 1 Bits uma*tk - die Folgen enthaltbn nicht mehr als elne
orate vor ge\ﬂaﬂﬁﬁt’vﬂnzahl (Go) aufBimBnWariaeWender Nul | en; 22 EP 0 413
076 6B13* w _y iy I . IMI1 |IIlIl - die Folgen unfassen zwei
Subf ol gen, vdn denén sine nur aus ungeraden Bitpositionen und die an- dere
nuraus ger agg=RBiiyYosi ti onen besteht, wobeijede der Subfol gen nicht nehrals
sine zwei bt vor- gew hite Anzahl (10) aufeinanderfol gender Nullen enthalt,

dadur ch gek#wwW¥i.etyget, dal 5 - die Folgen nichtnehrals eine
dri ttbvorge\cv/ahI%A_'r_]%ahl (G aufeinanderfoi gender Ei nsen enthaiten;
35

Patentanspriiche

1. Verfahren zum Codieren bin#rer Daten, die in Bl&cke unterteilt sind, von denen jeder eine erste gegebene
Anzahl k an Bits hat, in Codeworte, von denen jedes eine zweite gegebene Anzahl n = k + 1 Bits hat, mit
den Schritten: _

- Empfangen der bin&ren Daten;
45 - Erzeugen von Folgen von Codeworten fester LZnge, .
- Idle Folgen enthalten nicht mehr als eine erste vorgewahite Anzahl (G,) aufeinanderfolgender Nul-
en;
- die Folgen umfassen zwei Subfolgen, von denen eine nur aus ungeraden Bitpositionen und die
andere nur aus geraden Bitpositionen besteht, wobei jede der Subfolgen nicht mehr als eine zwei-
50 te vorgewdhite Anzahl () aufeinanderfolgender Nullen enthiilt;
dadurch gekennzeichnet, daR
- die Codeworte so ausgewdihit werden, daR die maximale Anzahl aufeinanderfolgender Einsen, wel-
che In einer beliebigen Codewortfolge auftreten kann, eine dritte vorgewshite Anzahl (G,) nicht Gber=——
schreitet, welche ein Minimum darstellt, das in Verbindung mit der ersten vorgewahiten Anzahl {Go)
&5 und der zweiten vorgewshiten Anzah! (l,) mdglicherweise auftreten kann.

2, Verfahren nach Anspruch 1 zum Codieren von Daten, von welchen aus den unterteiiten 8-Bit-Daten-
blcken 9-Bit-Codeworte gebildet werden, umfassend die folgenden Schritte:

20



- die dritte vorgewshite Anzahl (G) der M nimal wert | ndung
mt der gegebenen Konbi- nation deresa$omeior gewahl telrmm' "m ﬂ Lj
derzwel t en vorgewahl t en Anzahl (10) auftreten kmmn. 8.* VGrri-chl' ung rtach

Anspruch 7, da o FtenV@qulleM von
%ﬁﬁ?iﬂ]?@tp %) fei%ﬁé Us%ﬁ%&l %rodZmH '3z

8-Bit 10
X s bsa nd logl Bedin-
9-Bit- Ausgangs u deé‘rags |nere? sin

Iogl eches (& A a V. I Logem, g d,e l.. 4] kit i;onen

I npl egenti er Eﬁy n{d \?j@; leﬁ P aym#% +4\1¢) el]a ?‘ QQL(? 61;1 ‘E‘Blpxigt(+

PAX. -5% + P8 + SO X3v;++38 9(45 E50,)(Ys + Y5 + Y7 + Y)(Y2 + Y. +Ye +Yg) =1 Y3 =
P1-X3 + P7 +STumi SO Y4 = PI-X4 + P8-X4 + 82 + S8 YV = Pi Y8 = P3 + P4 + PsO
B3 X6 + S3-s Y7 = P2Yx6:¥s P8 X YeYeXB +YR)Y, Y RANN, + Y37 WY = 85. XS 20

YB = P4- (01X3 AuswWillen ein&s Téi-Sitpatzesipstaliend as2666ktuelied Sodé@orten A6 dem VeliSubsa24 - X|

+ P6- 10+ P. + Sdex@dglichenTedeworte; P.-V

. V2. VsV, .V, ./ Zuordnen von je eine® deme mﬁgﬁcheu 8-BityDatenbldcke-zude einen)(@r aktuellen Codeworte

PS. = X2. des Teil 9@‘2 2= PS+ P7 V3=Xl @2' x

p3 ', p, 322 -7Cod)qentdgr Dajenbldcke dadg(gh daf jeder ggteu\ygck-g@ch daggugeo;@ebx&odewort erset’t

PV. VP 2 P Witk o\ S4 -p2i+ PSSt VAXS2 GeXsuot

Pes- ( 0 dp fir die sich ergebende Folge von  Codeworten dlgerste I An zahl( gﬁp ist, d|e VS 7
X' X+ X +X§\q_e|t%«orgewéhlte Anzahi (l)) die iyghwtund die dritte vorgewahite zahl (G,) die +PS

Vs -)S X@; Xgertshren ndch Ankpruch’® zum Codierel Yon_Defeén, Vetrileichen aus den unterteilten 8-B|t-§1-ten- Pt +

PS VI (Xs piseked 9-Bit-Fodeworte gebildet werden, umfdssend b folgendén Sehritte: Ss.

P, 4 Pg, P, = vZ2 /dsRanienines vollen Subsatzes (L), bedtehénd Blis 263 MogitRento8evoRter g deinisaz S uf
ei:ne zuf al | i gearstthgifichd® o-BI-WIEEV S QLY.L DY Wi SeriSubstiz GieFdigehdenn et Bedin-FO| ge
“eter Ausgangscogimgenekraitdi e er sbe vorgewahl be Anzahl (GO die Vier ist, die

zwei bs vor gepva e+ AQLeht Yo 30y, €ive +A%)(Ys + Y, B ReYd 8 )ulvg +dVser O 'H-t‘t7e+

vorgewsi hit Anzahl (Qd) die FtinfY)eet + ¥ + ¥WprFricht ung nach Anspruch 7,

dadur eh gekennzel chr¥t ¥ YdaBWs semaomem@om er¥eXx(Yz trYs\MaVdi Ofag=vion 8- Bi t

Ei ngangsdat enb¥m®ickenX = (XI, X2, ..., Xs) in 9-Bit-Aus ngsoodewor tey =

(Y., Y2, ..., Y9) unia¥z s Y3 D6iYs WX YEh F ¥ Yeder Yoot Ys¥¥es Bate- Array i st,

in wel chem di-cAyswahiensinesTejl-§ WWFE’#P@%?H“’M}?P b%'Ff‘e"k‘G“e" Subsalgj nq:

Y1:MXI+NF°'5@ ichen Codeyo + S + T, = M-X3

Nl -3 + R -+éugrdngpvon Je]eme[p der 2?3 nﬁglﬂenéltqpaﬁpg{gﬁq_zwglm der S'f‘.‘i“f“ q:od%rte + H
- M des Teil-Subsatzes; und
- Caodieren der Datenblcke dadurch daB jeder Datenblock durch das zugeordnete Codewort ersetzt
wird;
so daR fir die sich ergebende Folge von Codeworten die erste vorgew#ihite Anzahl (Gy) die Vier ist, die
zweite vorgewihlite Anzahl (lp) die Sechs ist und die dritte vorgewdhite Anzahl (G,) die Finf ist.

YV

&

4. Verfahren nach Anspruch 1 zum Codieren von Daten, von welchen aus den unterteilten 8-Bit-Daten-
blécken 9-Bit-Codeworte gebildet werden, umfassend die folgenden Schritte:
- Auswihlen eines vollen Subsatzes (L), bestehend aus 259 mbglichen Codeworten, aus dem Satz
LY 4 aller méglichen 9-Bit-Worte Y = (Y,, Y», ... , Yg) wobei der Subsatz die folgenden logischen Bedin-
gungen erfillt:
(Y1+Y2+Ys)(Yz+Ya"'Y4"'Ys"'Yo)(Ya+Y4+Y5+Y0+Y7)(Y4+Y5+Y0+Y7
Yo (Y7 + Yg+ Yg)= 1,
(Yo + Y3 + Yg)(Ys + Y7 + Yo)(Ya + Yy + Yg)(Yqs + Yo + Yg) = 1

Y -Yg-Y3-Y4'Y5-Y3 + Ys'Ya-YrYg-Yg =0;
- Auswihlen eines Teil-Subsatzes, bestehend aus 256 aktuelien Codeworten, aus dem vollen Subsatz
der miglichen Codeworte;
- Zuordnen von je einem der 256 méglichen 8-Bit-Datenbl&cke zu je einem der aktuellen Codeworte
50 des Teil-Subsatzes; und _
- Codieren der Datenblécke dadurch, daB jeder Datenblock durch das zugeordnete Codewort ersetzt
wird;
so daB fiir die sich ergebende Folge von Codeworten die erste vorgewahlte Anzahl (G,) die Vier ist, die
zweite vorgewahite Anzahl (Iy) die Vier ist und die dritte vorgewihite Anzahl (G,) die Neun ist.

45 und

5. Verfahren nach Anspruch 1 zum Codieren von Daten, von welchen aus den unterteilten 8-Bit-Daten-
blécken 9-Bit-Codeworte gebildet werden, umfassend die folgenden Schritte:
- Auswihlen eines vollen Subsatzes (L), bestehend aus 259 mdéglichen COdev_vorten. aus dem Satz
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'YO ='M2-X5 + N2-R7 + R2X8 + S2-(X4 + SI) Y7 M-XS +Nmmmmam"m"m+ T2
+ HXq Y8 = MeX7 + R2 +82+ T2 23 ppodiBofspal3 076 Bl l
112l 112il [T BD YO = MXB + N2XB + R2 + S2Xt + T2 4°H%r "t 5°M

-(XI+ V) -*( %$$ﬁw .‘;—Q&/WP?& Y+>&1>§) Mo Sobei do s?ﬁ)saé’dle%lgenden logischen Bedin-

H34-V..V, T
TV, .V, V, =X % + +Ya + Yy + Y5 + MY, V; X T4 +
MR MV, X i 47 VXA e T T T YT e (‘\(/‘Mnﬂ{(y’, My YT BT U X xs
F4 5 X, . SR ¥sdv; (V5 + MM v0+ Ye)(Y4 scy,de@ En Reakt i on auf
esne zufalli geuddol ge der Ei ngangadate | ocke fOr die sich ergebende Fol ge
der Ausgangscodeworte di e er aY VeV, SewayYs¥s W Yadhk ;GO die Vier ist, di
\zewiee vor gewahi Awswatilanceines TelShibsdizes, bésehenk eds 266uktutiied Codewbitan, ausdgaménlsusaﬁnzahl
(A) di e Neun Herméglithian Cgdeworteht ung nach Anspruch 7, dadurch gekennzei chnet,
daS sa# ei nen Bedinen wn jerainem\tar$e mdglichen$-Eit-Ddtenbiddke zuje einerfrder gktualjetiCadewdsteo c ken
X = (XI , X, .desTeil-Sybpatzey; B t - Ausgangscodeworte Y = (Y1, Y2, ... Y)
unfal t, wobel- 9%4‘9"1!](5’61 Ratenploekp dadyechy, dafle PP@W”’%@"@N@?Z"GW@W Codewort gnsetztg o
neun Ausg| ngé Wit Ber el tstel I en dercor&g‘élﬁr%baBlgl%s edes Aus an seode\/;%)r‘r%\%%é
besitzt und I nd,
daB sf% di ez’éﬂ'ﬁf""ﬁ“?%ctef nggbL (o} ungdiedrile W&g‘%ﬂgﬁﬁgﬁ Hieﬂ'ﬁ'd' Her neunte
El ngang (g7) va.fiatmemn 32’?95 A 350Ddtbr? Gn @aldﬁeyarsmga&m@h%m{en.( 21)
verbunden;  ${3cken o-Bit- eBiidal h, URirdas nﬁ% figahden Satrfte:AAr ray, 1 n wel chem
die fol genden. AQBRET gdf,,uggﬁgnenﬁg"&hgm_gm&é ert sind: Y1 = SrXi + P4-X4 +
P5- (X}, + R ) P4' X8 + P7-X4 + S-O(y =l (YR¥):. X3yt S62 Y2 = .-X2 + P.x2 +
PB-X6 + P7-R3 eined.ekéteh vdlelrSibsatdes (L) Isnstehend aus&SQ@dd“elEn%de’hoRﬁT w&eﬂid?age}(&n+ P7
* POV22 + Pi r OlogischerRBedingunger‘eriiléd: 35 S2 4 + P4 +
P6- RX4 + P6- {3 + YPHOYHYPHIYs\R X, 4 R1L YJYa++ B #- G ¥ P1Y;)-(Vi 2245 PgU\E Y6+ = S308
+ P3 + P6 + PX + P9 + PIS- X4 Y7= 3V #Y8+ W) =+650+ P13 Y8 = S X7 + P4-X6 +
S5 + &7 + Pi,0-4 40 (Y1 + Y3 + Y5 + Y7)(Ya + Yg + Y7 + Yo)-(Yo + Yy &Y £ YgY=X8 + SOX5 + P,
+ P7-Xe + Pi Aund
YiYarYs + YaYaYeYsYe + YoYeYeYeYs + YoYeYa¥YrYs + Yr Y Yy = 0;
- Auswéhlen eines zweiten Subsatzes (1), bestehend aus 26 aktuelien Codeworten, die einer ersten
Bedingung mit Y, = Y, = Y3 = 0 unterliegen und welche weiterhin die folgenden logischen Bedingun-
30 gen erfiillen:
(Yo * Ye)(Ya v Y5+ Yo)(Yg + Y5+ Yo+ V) (Yy # Y5+ Yg + Yy r Ye)(Y7 + Yg + Yg) =1,
(Yo + Y2)(Ys + Y7 + Yo)(Ys + Yo + Yp) = 1

Yi¢Y5YeY7.Ys + YYgYp= 0
35 - Auswahlen eines dritten Subsatzes (0) von 35 mdaglichen Codeworten, die einer zweiten Bedingung
mit Y, =Y, = Y3 = 1 unterliegen und welche weiterhin die folgenden logischen Bedingungen erfiillen:
(Yo + Y + Yo + Y7+ Yo){Y7 + Yg +Yp) =

und

und
YaYs + YoY5Ys + YoYsYe Y7 + YoYeYeYrYg + Y7-YgYg = 0;

1\/ 40 - Auswihlen eines Tell-Subsatzes, bestehend aus 26 aktuellen Codeworten, die der zweiten Bedin-
gung unterliegen, aus dem dritten Subsatz der méaglichen Codeworte, die der zweiten Bedingung
unterliegen;

- Zuordnen von je einem der 256 mdglichen 8-Bit-Datenbldcke zu je einem der aktuellen Codeworte
der Subsétze, wobel 26 von den m&glichen 8-Bit-DatenblScken zweifach zugeordnet werden und
45 zwar einem Codewort, das der ersten Bedingung unterliegt und einem Codewort, das der zweiten
Bedingung unterliegt; und
- Codieren der Datenbldcke dadurch, daB jeder Datenblock durch das zugeordnete Codewort ersetzt
wird, wobei die Auswahl der bedingten Codeworte von dem bindiren Wert des letzten Bits des zuletzt
erzeugten Codewortes abhangt;
80 so daR fiir die sich ergebende Folge von Codeworten die erste vorgewghite Anzahl (G,) die Vier ist, die
zweite vorgewdhlte Anzahl (l,) die Sechs ist und die dritte vorgewéhite Anzahl (G,) die Vier ist.

7. Vomichtung zum Codieren bin&rer Daten in Codeworte, wobei die Vorrichtung umfaRt:
- Empfé&ngermittel zum Empfangen bindrer Daten und zur Aufteflung dieser Daten in Bldcke, von de-
55 nen jeder eine erste gegebene Anzahl k an Bits umfait;
- Codiermittel, die mit den Empféngermitteln verschaltet sind, zum Erzeugen von Folgen von Code-
waorten faster Lange, von denen jedes Codewort sine zweite gegebene Anzahl n = k + 1 Bits umfalt;
- die Folgen enthalten nicht mehr als eine erste vorgewahite Anzahl (G,) aufeinanderfolgender Nullen;
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Ei ngangsdat enbl &oke fOr di e sich ergebende F-dge der Ausgan fscoddwort e*di e

erate vorgew hl E \éh%nhe‘?n g Eﬁf&ﬂﬁ{?&,@ gﬁg:méﬁil 11
ngsco 2,

(10) die Sechs de';:}:n J AL fn B
Decodi ervor ri chigyBiite Arlaniy H%e#&&n rﬁhl lor eworten Y =
nnet, dag  dI €ervorri tung nach Anspruch 8

...y Y9), die vONn €aiféh defdsnnibR
erzougl wur den, did foigdn Béﬁm&#ﬂgam%@mmkﬁamﬂMinand&?olgenderEmseXbmthéf@n bei
di e Decodi er vardis diith vidigowahits Ah£28i () A& Midimalwertiét) ddlin Vérbihdikg mit der Y&jebeneiKdibe

f ol genden | ogi sicidefeisténvoigewiniteh Anghl (G Btk deCiwiiteh ivargewaiten Anzahi }) adftrégénviGnm.
LAYl + T2 X2= Q4-YTr8c+ T-Y2+ T2 50

QY+  +Q8- 2Vorrichung\raciy Anspriich {3 dadprch-gelenazeicimet, defsieeinen gdierarzyrWandlung yop ¢-Bit 70)
+ Q4(We + \\Gfingangsdatenblockeny (X Xar3 , Xgpin 8-Bitdusgangeppsiewvari Y =) Yaycz , Yo) unpfaliigvobel
Qi-Yi + QB ifer Godigrenyis lagiachps Gatehomay lfoln weigheysla ploapdes agiechien Gpnidianen (fpjementipty 7+

sind: - *
891.%3 &r;n5t 25  EP 0 413 076 @1"‘;%?,,*%:%,{ 'P"::‘(;gjs:x‘lm) YgI | % Ill +1(i‘]§\/\lri '
i L M S wa=y. 218 P4X3+P+‘Ssz QY =Y.
T.-Q ¥Q@ W v,.Y, v4 v W"g*é’s -QT -Q +Q j>
W-Y, . *, QM Ay s T. & +T. 10 Wy.y
QaW e- WM - TS@ 28+, bk Py + PeXg + Sy Xs
Y7 =Py Xg + P3:(X5 + Xg:Xg) + Py Xy + S3-Xg + S5:X5
. 20 Ye = Py(X1:Xs + Xp) + Pe-XyXs + PgXy + 8¢ Xy + 87 %5
U Yo =P2Xs + PgXg + PyX + PeXs X7 + Py + 8¢Xs
- mit
25 Py =V, e VaeVyo Voo VgV, S, =P, + P =¥,
V=X + X+ X, | Pe=F e Xy e X Ky + %) S;=P,+P,
Vy=X e Rz o Xs - Py=PyeXpe XKoo Xy + X)) . S;=P+S§,;
% .V,=X,+X,+X, P,mPB, P, e eV, V, S,=P;+Ps+8§,
V,mBgeXg Xy Xy Py=V, oV, Sy = Py + P, + P,
. Vy=Xe 4+ X+ X5 4+ X% Pe=V, -V, . §,=P+P
Vo= KoK Ko Xy e 0 + X0) P,=V,eV,+ X, S, =P, +P,
Vy == (Xg + Xg) Vs _ Pl-vz‘vc'xs . | S, =P, +P, )
W Py=V,+(P;F Py - Sy= P, + S,

so daB in keaktion auf eine zufillige Folge der Eingangsdatenbldcke fiir die sich ergebende Folge der
Ausgangscodeworte die erste vorgewahite Anzahl (G,) die Vier ist, die zweite vorgew#hite Anzahl (I,) die
45 Sechs ist und die dritte vorgewdhite Anzahl (G,) die Finf ist.

9. Vorrichtung nach Anspruch 7, dadurch gekennzeichnet, daB sie einen Codierer zur Wandiung von 8-Bit
Eingangsdatenbldcken X =(X; , X, ... , Xg) in 9-Bit-Ausgangscodeworte Y =(Y,, Yy, ..., Yp) umfaft, wobei
der Codierer ein logisches Gate-Array ist, in welchem die folgenden logischen Funktionen implementiert
sind:

® Y, = M1-X1 + N1'X1 +Ri+8: X+ T+ H
Y2= M1'X2+ R1 +S1 +T1 +H

Ya =M;-Xs + Ny-Xg + Ry + 8¢-X, + Ty +H

= MyXg+ Ni-Xo + Ry- X + S1-(Xs + Sg) + H
55 ' Ys =M

Yc- Mp-Xg + Nz X7 + szs"'sz(xt"'sﬂ

=MzXs + No-Xs + Ry + 82 X5 + T, + HX,
Ys=MxX;+Rp+ S+ T,

23
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AN o et £ i

2. V\S .Y, 2m 12, Deoodi ervorr| chtung ZUur V\andl ung

Bit-Ei ngangscodeworten Y = (Yl ei ner Oo-

ervoni cht ung nach Anspruch Zxﬁ rf'z)\(ﬂﬁlﬂdg X’i 25\‘%‘% Ausgangsdat enbl &cke

= (XI, X2, ., Xs), wo- bel d| e Deoodl ervorr| chtung sin | ogl aches

Gat e- Array unf aSt in wel chemdie fol genden | ogi schen Funk- tionen

I npl engptiert aind: X = MY, N-Y, T, + HY9 25

X2 =MY2 + N74 + R+ T1 Xs3 ¥, . Y4 + R-V4 + T, +

S1-Y3 Xs = MYs + R2Y. + T2 SWY? LM(?%X&’%TEQY’:—Y%

Xz VY8 + YZFi7esXa XXy 1+ H X8= MR- Y9 + MeWg-w-¥2 + Hnit 35 W

Y. X, Y3y xaxexeX M=Y +Ws W W Y4

NW, e T * NATYm¥e M WLOYTY, .Y, Te=Va-Vs

R aM . W.Wg=X,.V, al xV¥r,. . 40 -t s WA W T

. T14Z1. W. ’?4J4_Wy s~."4. V. * Wedhe Vi, S,%U,Mé"'vx\%%sﬁ/

sM 1y, .v~os R Vay, | Yt-74 + W= KA W W - Y R, 7 WR,+YS- V. .

Y. W = Y$ v, ¥, + Y'y2 ' Y 50 13 .Ji)e.codl ervorrichtung zur_Wandl ung von

9-Bit- Efngangsoodeworten Y = (YR=¥2VeeXe v die H‘"ét‘he?‘r o- _

d| ervorri chyug+x@ch Anspruch 1Q:§ﬁz.gu wurden, in - ' a%gsdatenbi ocke
= (X1, X2, ..., X8), wo- bei die Debdo |ervorr|chtund eln' gi sches

Gate Away unf aSt, in welchemdie fol genden | ogi schen Funk- tionen

i mpl emgptiertg, “§£l§£ﬂ R;%%:rnrau ne zuféi der date ar dieSi :ergafr @l'olg-glh
+Qf Yr\r;\%p d{asérs 63;&1 Ariliaﬁ?é Vier 1 Site gqe% ’ hl(ig)ﬁ72
N~OrwW o+ diad Angéhl (Gfdid/Netnidt. VY4 + Q) 0.Y2 +
Q/\NY 2-Y4 + Q13Ye
10. Vomchtung nach Anspruch 7, dadurch gekennzeichnet, daR sle einen Codierer zur Wandiung von 8-Bit
25 Eingangsdatenbldcken X = (Xy , Xy, ... , Xg) in 9-Bit-Ausgangscodeworte Y = (Y4, Yo, ... , Yg) umfafit,
: wobei der Codierer ein sequentieller Codierer (Figur 6A) ist, der neun Ausgénge zum Bereitstellen
der neun Bits jedes Ausgangscodewortes besitzt und ebenfalls neun Eingénge, von denen acht so ver-
schaltet sind, daR sie die acht Bits eines Eingangsdatenblockes empfangen und der neunte Eingang (Z)
ist mit dem neunten Ausgang {iber ein Verz8gerungselement (21) verbunden;
30 der Codierer ist ein logisches Gate-Array, in welchem die folgenden logischen Funktionen implementiert
sind:

W
we
Qs-
9-
di
X =

= 82 X1 + PyXy + Pg:(Xq + X3) + Pg-Xg + Pr-Xy + Sg-X5 + PyoXs + Sg-Z
Y2 = 83X, + Pg:Xp + Pg:Xg + Pr-Xs + S5-Vay + PioXy + SeZ
=82X3 + Py + PgVyz + Pg:Xg + Py + PgViy + PyoXs + Py X5 + S¢-Z
35 Y4 SZZ"'PA-*PSZ"'PGXS"'PW"'P" Voo + PizXy + PiaZ
Ys P1 + P122 + P132
Yo = SgX5 + P3 + Ps + Py-Xg + Py + PyaX,
Y7=85Xg + Sg + Pg + S5+ Py3
Yg=8¢Xy +PsXs + S5+ S7 + P10 Xs
L\J 40 ; Yo = 84:Xs + Sg-Xs + Pg + Pr-Xg + Pyo-Xe
m



'EP 0'413 076 Bl [2iillir 1 11X *
~~~~~~~~ C L M SX6=TV +@Msoredy-Y6 Q4 Y4 + T M“ﬂym&lmuw |
Ts-Y7 + T +4 Qya + Q10j-g . 9 + QL3 X7+= T.YS + TS 4 MyG. "R/ IR0 Tr0-w0

+Ts + QYL + Qve 5 nt 10 W =Y *y 20y

1Y*sT-t| Q WL0*Y, W w2*Y2 o

r,=Q.Tt 5 v,ef\x,= ys * Y4 VXXl 2 W Y W (W T.

W + WI | Vg-y."y4 : ‘ QY=WIY. W. e Ve=Va+X,

TA=Q #Q WMPMHR * W\ Ve=%+V, Q¢ B-s *VA ' &4' Y2 *yloyYy

T5 -T1Qn + Q0 W =% . i, \rg _ = Wy, a

m-iw WAFLTI G Q=Y wiVEARN e + M KD« (Vie + X9 VauTaVTS+QU 26
=.Y2. Y WmKTRoX FoWT.D *22.5Y4A+FWL) w,, [V -

Q Y5 W ey Y92, ty] 33}'9-%" va 4Y. Ve U VamXagesR . _

Wt~ s Xy e Xy o Xy — ~ VamVeeV, ~ I s ByMexa%VE W W

_W +r, 46 ,Reyendlcatlons 1. Procede do codage do donnees binaires
part agees en®blocs ayant chacurfa™=3¥eni er nonbro donne k We=%Ki#%:Xson nots
do codos ayaevoigaun un socond, ngppye donne do n = k ' 1 bits, lodit

procede conpre._nant |os etapes sui'vaht os: 50 - reception des
donned¥ bi n¥rTEs% - producti on \e=Gewgyences do nots do codes do | ongueur
fixe, - lesdites sequonces n'ayant pes plus d' un prem er nonbre

presel ectionne (GO do zeros conse- cuWsfa a |'interiur do cello-cl; -

| esdi t os sequonces conprenant doux sequences, |'une consistent uni quonont -

en posgjtiong,go ss bits inpaires, ot |'autre consistent uniquenent on
'gg,sitions do bits palres, chacune desdites sA- quences n'ayant peas-plus

‘un second nonbre presel ectionnA (10) do zeros consecutifs a |'inte- riour
do cel |l o-Clg,=0gruGEeLI SRV, fGp 27 EP 0 483=076rBl
111121111 fudl 1 301011 1111 - ‘
25 Pr=V oV, PymVigeVy S,=5,+PF;+P,
Py=V; eV, P,.-V,-V.-V,,-I—V,,-V,,-?. S;=85,+P,+P,
Po=V, oV,  Pa=V,. Y , S,=8S,+P,
% Py=V; .V, Pra=Vie(Vn Vi + Vo Vy) Ss= Py + Py
P.=V‘,-v..v, Py = ,.--\7, Sy Py + Py
P,=V,-V,. ' 87=P.+P'
35 . _
S'=P,+P. ’ -
l\_j 40 so daB in Reaktion auf eine zuféllige Folge der Eingangsdatenbl&cke fiir die sich ergebende Folge der

Ausgangscodeworte die erste vorgewahite Anzahl (G,) die Vier ist, die zweite vorgew#hite Anzahl (lp) die
Sechs Ist und die dritte vorgewiihlte Anzahl (G;) die Vier ist.

11. Decodiervorrichtung zur Wandlung von 9-Bit-Eingangscodeworten Y = (Y4, Ys, ..., Yg), die von einer Co-
45 diervorrichtung nach Anspruch 8 erzeugt wurden, in 8-Bit AusgangsdatenblGcke X = (X4, Xz, ... , Xg), wo-
bei die Decodiervorrichtung ein logisches Gate-Array umfat, in welchem die folgenden logischen Funk-
tionen implementiert sind: :
X1 =QsYy + QYo+ ToY 4+ T,
X2 =QeYaYo + Ty Y2+ T,
50 K= QrYz+ Qo+ Qe Yo + QW + T,
Xe=QeYet Qp + QY7 + QY + QoY + TeY>
Xs = Qz (Y7 + Vo) + Qa:(Wp + Wo) + Qu(Yy +Y5) + TaYg + ToYy
Xe = (Qz + Ts)Y7 + Qa¥p + Qu.Y; + QeW7 + QpYg + Qp'Y7
X7 = QW3 + QaWy + QY + Qg (Y + Wo) + QY7 + TsYp
55 " Xg = QyWs + (Qs + Ty)- Yo + QpY; + QeWr + Qp'Y7
m
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- de's nots de codes sont selectionnes de tells sorts que _ 1R (g M
de ceux qui sont conse- cutifs quep psstozespr odui re dans. “mmﬂglgmm“m :
nots de codes n'excede pas un trol sibnme nonbre presel ect G )w quil est
un m ni nrum possi bl e on connexi on avec |a conbi nai son donnes du pre- mer
nonbre preselectiine (G et du second nonbre pr6s6l ectionne (10). 5 2.
Procede sal on ™M =r'eVendi cation 1, pj &uFY¥coder des donneed At it
desquel | es par ypgr e des blocs de doppbgs A 8 bits ont JAMfo , en.
nots de codes ﬁQ%?tgs, conpr enant Ig)g %g%es sui vant bs: ng/*:’e*&éﬁmgéﬁ partir
de | a serle deweirs-Yees nots possi bl eg=a0nbits Y = (VI, T¥20,+q,4,q,Y§) d' une
sous- serie conplets.(LI) de 263 nots de codes potentiels satisfaei sant aux
\condi ti ons | ogi"yTes" 0 (Re=We ¥ v3) . (Y2+ Y3TBEW5+ Y6). (Y3+
YAV+ Y5+ Y+ Y7 Q¥4.¥ Y5 Y6+ Y7+ Y8) YT +wY8 + Y9) =1 (Lot Y3 & Y5 +
Y7). (Y8 + VS Y7 F’lvﬁg. (Y2+ Y4 + YV +°“Yg$' Y1 et Yl.Y2.Y3T’+Q'+X'+a-'

Y2.Y3. Y4. Y5. YO WR¥%-%3. Y4. Y5. Y6. Y7. YR, =WEWY7. Y8. YO =0; ,15=0Q,+Q+0Qr
selection A partir_de_|la sous-serie conplte.de nots de codes potentiiols,

d' une sous-s~ri'@Dpaftrelle de 256 motY=de-¥o'des reds; - assignation A
chacun_des not sydey,cedes reels de |a gQug-geile partlelle, de |'un des 256
bl ocs e donnees A’8 Dbits possibles; et - pour |e codage, renplacement de
chaque bl oc de Werineds par | e not de qede-aev,gni,; de tells sorts- 20

guo pour | a sequence resultanto de nots de codes, ledit prem er nonbre
presel ectionne (GO eat de quatre, ledit second nonbre presel ecti onnA (10)

est de, Siqs, DabodieRrrchtutgz0! Wandiikg VoR BBk EinBingsbidwohdrd &, Y1), Yotie ViR eifidred: 3
(ProocdA sel QiiroRicktGiGREH ASiruchd of zeugdPRHierOR 8Bit AGK3angdMRNABIESRe R =DA%, L., X,), wo-
“esquel | es D dieDdesdReRrdREndYimisdiacktd Gafe-Array umfait/ 1N W&éher did fdijehdenfuglschh Punk-
formes, en noden ifitententSsing O bits, conprenant |es etapes suivantss: -
selection A partir de |la serie dg#m+HNga, #ofsHB 9 bits possibles YV=(YI,
Y2, .2,Y 9) d une sous-serie comf=tM-Y;LNZY,+dR +A63 nots de codes potentiels
satisfal esant aux conditions | ogKgeMeYs#¥¥s ¥B #1¥%) . (Y2+ Y3+ Y4 + YVS+

Y). (Y3 +Y4 + Y5+ Y+ Y7). (Y4 + YOu=WN ¥R YN+ &Vy+ Y8+ Y9)=I 3D

(Y1 + Y3( + Y51+ Y7).(Y3V+ Y5+ XF-MzYy+ R TyA 52 Y8)=1, et YI.Y2.Y3.Y4 +
Y2.Y3. Y4.Y5.Y6. Y7 + Y3.Y4.Y5.Y6. Ye~MX7yN:¥gt MFH Q; - selection A partir de
la sod&-sedrie de nots de codes XpoMe¥etNa¥%e*Ra+dntHsous-rie partiol l e de 256
nots de codes rMels; 35 _ XosMaYaafe et B*thacun des nots de codes
rMel s de | a™ous-serie partielle, de |I'un des 258 bl ocs de donnees A 8 bits
. possi bles; et - pour |e codage, renplacenent de cheque bl oc de donnees par

| s not,_de coge=35syghe; de telle sorts guq, pour |a sequence resultants de
not s (t% code?,a" Ié?i”t g’pr eni er nombre %Y?g‘é’T tionnt (GO "&TYdVquatre,

ledit secondwemrg, presel ectionne (NQmegl de six, et ledif .k olsiAnme
nombre presel ecti onne : TR

Wy=mYyeYeeY, . . R‘-ﬁ,.vv’.\ﬂ7 &ng’wg'Wg

. s 40 — e —

b Wo=W,e¥, Ti=M,sW,-Y,-R, . Te=M, e W, R,
W,sY.oY.o?' - - s'gﬁ,-Yon‘cY, S,-R-Y,-'Y_,'-_Y,

Wym Yoo Yo Vot W, o (Tpe ¥+ W

P - HuM,eW,.Y |
Wy =Yoo Y+ W 4T, e Y, s Vo Y, P MWt

w3=Y.+W= +V‘CY=;Y‘-Y=

13. Decodiervorrichtung zur Wandlung von 8-Bit-Eingangscodeworten Y = (Y4, Yz, ..., Y3), die von einer Co-
diervorrichtung nach Anspruch 10 erzeugt wurden, in 8-Bit Ausgangsdatenbldcke X = (X4, X, ... , Xg), Wwo-
bei die Decodiervorrichtung ein logisches Gate-Array umfagt, in welchem die folgenden logischen Funk-
tionen implementiert sind:

55 X1 =TaYy + Ty + QeY Wy + QY + Qg
X2=(Ta+ Qg) Yo+ Ty
X3 =Ty'Ya + Tg + QgWyq + QY2 + QgWs + QuoYs
Xe = (T3 + Q) Yg + QY + Q- Yy + QpWo + Qi Y2 + Qyy-Y2- Yy + QoY
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40 (Gl) est de cing. 4. Procedd solon |la revendi gglid '

coder des donnees A partir desquekpesspéBpartage des bl OCHM‘{I@MQFWIHI
bits ont ete fornmes, on nots de codes A 9 bitts, conprenant ke elap s
sul vantes: - selection A pagtl. . ¥ ) \ ee nots A9 bits
possibles Y=(YI, Y2, ..., Y§§a=&ﬁ§ﬁfz§qﬂ§v§§$§é§7§:§? conplte (LI) de
259 nots de codes potbntiols sati s fTsa.Lng,vpnd‘l tions |logiques (Yl + Y2+
Y3). (Y2 + Y3+ Y4l Y5+ Y6).(Y3+ YT+ ﬁh&?&cﬂ-ﬂr + Y5+ Y6+ Y7 + Y8). (Y7 +
Y8 + ) = Imi( Y1 + Y3+ Y5).(VY5+ Y7+ Y9).(Y2+ Y4 + YV)=1, et
YI.Y2.Y3.Y4.Y5.Y8 + Y5.Y6. Y7.Y8+ Y7.Y8.Y9 =0; - selection A partirde
lasous-seri ede nots de codes potsntlels, d uno sous-serie partielle de 256

\wts do codes rMels; - assignation A chacun des nots de codes rMels de |l a
sous-seri eypagtielte, de |'un des 256 bl ocs de donnees A 8 bits possi bl es;
et 5810 -U"pbut | e codage, TehprWcenent de chaque bl Of, =f; 1 4QNNeos par

| e not de wpe®.agsigne; do tellg sprige.quo pour | a _sequence resultanto de
mots de codes, ledit premer no%rs‘g" p\gé'g@I'Gt:'tv\"bﬁWe"’@CD) eht=Qje Qguat r e,

| edit secoffd=YhoMbre-pr~sbl ecti oahbw ¥ w, 6wt .wle quatre, et_ledit troisiene
nonbre pregelgcs, tionne (Gl) est de neuf. 8" EP 0 413 BTortT B1!j 111 111
I 11" 19T *R'5. Proced sel onRd=¥sr Bv®ad¥cati on. 1, pour £ glesqdonnées

. 4 a 1

a partir des«ffel) es par partageque;ﬁ _QI QS de donn6es A 8 bits ont ete
formbs, en nots de codes a 9 bit's, Cohpréfant |es etapes Bmivasbs, -

sel ection ¥ebr¥hr de |a s6rie ala¥,owsF,co 501 %)9 bits possibles Y=(Y1,
Y2, . . Yv9|%=§|'.§ne sous-sefie conplteb ( L23 te 59 nots dE=HdEe potentils
satisfal sant dux® condi tions | odtqibs Yo ¥y Wi (Y1 +Y23q,( Y2+Y3+Y4 +
NEY6) . (YIMYrY6+YT) . (YA+Y5 & \O+ YTo+ &L (Y7 + Y8+ YO) T T ov3 o+
Y5). (Y5 + Y7 + Y9)..(Y2 + Y4 + ?%)'X?‘YX’“#“YE’# %¥8) = 1, YI.%33q4. Y5 +

. Y4.Y5. Y6. W= %8Ys+ Y7.Y8.Y9 = 0;q,,.¥,.v,.w.” s6leotion a partirde la

sous- e6ri qge gogs de codes potentiels, d une sous-serle p&t‘ﬂ!é‘lq’ de 256
mots de cod®s 'r'del¥ - assi gnatRonTATeTaqlp viewgot s de codes reels de la
sous-seriexpakiielle, de I'un des 256 bLocs de donnbes A 8 bits possibles;
et - pour |Is codage, renplacene t'&éwerﬁqﬂe"faﬁ‘dc“ﬂeYﬁonnGes par- I's not de
code assi gMb=wWda-eil. sorts 19 =¥,. W gue pour | a s6équencoe resultante
de not®® de codes, ledit prenier honbré pr6s6lectionn6é (GO est de quatre,
| edit secofer™dorere pres6l ecti ompeY+W-Qsw, de quatre, et ledit trolsibne

nonbre pr 6§'§L¢§;Y‘

35 wls = Y: 'i’ Y, .
w" = w“ + Y.
W =W, +?‘
w ®

45 Revendications

1. Procédé de codage de données binaires partagées en blocs ayant chacun un premier nombre donné k
de bits, en mots de codes ayant chacun un second nombre donné de n =k + 1 bits, ledit procédé compre-
nant les étapes suivantes:

50 - réception des données binaires;
- production de séquences de mots de codes de longueur fixe,
- lesdites séquences n"ayant pas plus d'un premier nombre présslectionné (G0) de zéros consé-
cutifs & l'intérieur de celles-ci;
- lesdites séquences comprenant deux séquences, l'une consistant uniquement en positions de
&5 bits impaires, et I'autre consistant uniquement en positions de bits paires, chacune desdites sé-
quences n'ayant pas plus d'un second nombre présélectionné (10) de zéros consécutifs a l'inté-
rieur de celle-ci;
caractérisé en ce que
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tionn6 (G) est de neuf. 6. Procdde selon |a revendicatio :
des donn6es A partir desquol |l es pgpoptsdrege des bl ocs de Em,"'mnmmmn '
8 bits ont 6te fornbes, en nots de codes A & bits, conprenant “les G'taﬁes '
suivantes: - sGg QJ‘ood éné .&%eé&:&@&n%q&%ﬁo%?elrﬁ& }donise-
possi bl es Y=(Yl, se,p Ehnbt

berals dd'hn

codes potentlel 2 +
53952 ;é%)o tﬂh‘ﬁ%m ésib%ﬁ nﬂﬂétdﬂuﬁé

Y3 + Y4 + Y5 oleY2
Y8 : Y, )+: 1 > né/éOi*eth’ éétonﬂl:m réf@eéae 3 ) Y5 Y8 i +

Y9) . ( Y2 +2. Y4Prdoé¥6selon‘tﬁ}vendl&atlom1 péﬂr oddirdﬁﬂ ddnn%% éﬁﬂ'h’dhsh(ﬁlléé@aﬂpame\ﬁs bides ¥6. Y7
+ Y4.Y5. Y6. YdoniéEss & 8 Wifs ori§été/Prmésn. mots fecodee @ @ bitiss conpramant s IéBP(SZB)IIVﬂilEs:ZG nots de
Sades condi t i onraélection % eartindelarstrierGe-tOys lesmats pagsibles s 9 bitsY TR Y2t 4.0 dUinegpusie s
30 s(émcompléte (L1) de 263 mots de codes potentiels satisfaisant aux conditions logiques

+4Y5) . % Y4+Y5+Y6) . (YY¢+Y?5‘+Y?BQ!2/7)"’3(fYA#YE#YM#Y%YQ‘YYﬁWW Y5 +(8(5 + Y7).(Y5
+ Y7 + Y9). (Y4+Y6+Y81) 0; - une

trol sienme sous-serie (§Y7HE %S LY ORI Siof s @é«@d&és?v@&ﬁ@h?onnel s

potentiels &ec 36 YY e tion

m e ks %"%‘3‘3%% el S e -
t -

K ﬁ‘;"gf',;g%“ Pl %ﬁ%“%ﬁ‘&%@aﬂﬂﬁﬁﬂ F“S“n*’%%?‘*s %"? e
assi gnati on A_GRaGd\ded mpkdcem d§dﬂ bl%n“%@”ﬁf&%de%&lgn@%e&ell%rtdes

256 bl gcs de d%@@&?la@éq&aﬁbb FeBuItBALS 86 Mot fo codeeIBditpromfib AdMbreprédbIedidnrdeas) estae €S A

8 bits possibl Gfuatf, & se8sh néHfPSprédsREIsAN6AI)Ebt dy bt R ISRk oMBId Présslectionné
cehdi t bonnel et@f estezmgond mot de code conditionnel; et - pour |e codage,

renpl acement _de chaque bl oc de donnees par |e not de code assign6, |a
sel ect i on3-4 Procéds selon la rgyendigatipn1, a@rmwsé@m@% Portindgsquetins parrarpgedies blecsdea | eur
bi nai ra du odeppfieep 8Bt aatAthfomes. andets dg nanﬂee PRS suiAntes: sorte que
pour |a sequencf.g"’?“"%ﬁ"gﬁ?@sd@’q?ﬂ?“s&é"\‘)ﬁe(? §'tsl’°é€!?' ﬁ%rﬂpﬁgf‘?“"s‘“m
pr~shl ecti onné ’? % 8};@3% g’d gﬁ?&fg i onne (10)
est de six, 1t L{Y g (YFI Y%E 8e quatre.
50 7. Apparell pour cogﬁ ‘gegrsd,l +rw %& vIoks % cpdes, ledit
appar e®l conpr gpant: es noyens” cept eur's ar recev0| 'es donnees
bi naires et pour | eey s {PREL v Y1 V3B.Y7 L VBYE VB N6 YF PES Yyale Dhem er nombre
donne de k bi tSsaect.on@smmmems-e@ﬂamsdmauamémﬁwunwea&nsm; G45EmotPOUr
produire des segdiésdaseisde nots de co- des ‘de | ongueur fixe
conprepant  chaGiighatish AR des'mé)aaa:od&m dé3a Sousséfib harlibiieSde F'un des 256 blocs de

données & 8 bits possibles; et

- pourle codage, remplacement de chaque bloc de données par le mot de code assigné; de telle sorte
que pour la séquence résultante de mots de codes, ledit premier nombre présélectionné {G0) est de

quatre, ledit second nombre présélectionné (10) est de six, et ledit troisiéme nombre présélectionné
L 40 {G1) est ds cinq.

4. Procédé selon la revendication 1, pour coder des données & partir desquelles par partage des blocs de
données a 8 bits ont été formés, en mots de codes & 9 bits, comprenant les étapes suivantes:
- sélection & partir de la série de tous les mots a 9 bits possibles Y=(Y1, Y2, ..., Y9) d'une sous-série
compléte (L1) de 259 mots de codes potentiels satisfaisant aux conditions logiques
(Y1+Y2+Y3).(Y2+Y3+Y4+Y5+YB).(Y3+Y4+Y5E+YE+YT).(Y4+Y5+ Y6 +
Y7 +Y8B)(Y7 +Y8+Y9)=1
(Y1+Y3+Y5)(YS+Y7+YO).(Y2+Y4+Y6)=1,
et
Y1.Y2.Y3.Y4.Y5.Y8 + Y5.Y6.Y7.Y8 + Y7.Y8.YO = 0;
- sélection & partir de la sous-série de mots de codes potentiels, d'une sous-série partielle de 256 mots
de codes réels;
- assignation & chacun des mots de codes réels de la sous-série partielle, de I'un des 256 blocs de
données 2 8 bits possibles; et
- pourle codage, remplacement de chaque bloc de données par le mot de code assigné; de telle sorte
que pour la séquence résultante de mots de codes, ledit premier nombre présélectionné {(G0) est de
quatre, ledit second nombre présélectionné (10) est de quatre, et ledit troisidme nombre présélec-
tionné (G1) est de neuf.



. leddites eaquences n'ayant pas plus d un prem er nonb!] IJ ﬂmﬂnmﬂm
(G0 de zeros consecutifs dans ceiabemsm | esdites se t

deux sequences, |'une consistant uni quement ten positions de bIItS "29 *EP 0
413 076 | M
St i npal resc? ﬁﬁe selon Ereﬁ\:endmtlcln1 J :l;:dé]rldel Jlonu é rtnrdes uellez}Egép ;S ogsa+er es.
chacune des 'teéecﬁ fr861aS mae,tme@,ﬁ ys.t ssmesecm Gr2N0) @unesous—séne
pres6l ect i onne cinidbhe (4 o6 266 IRots B A PotshtidisAatlstaleBiit 8 BhitioRIogidiied €S-

caracterl s6 en ceyfv9z = YBReSH YEEYSLYSL V6 HIYAY VBN YEHY NSRS 4P| us d' un
troi si bnme nonbre pres6l ectl onn6 (Y4 yaler7ue +5r9) =1 consé6cutife a

| “interieur de celles- ol Ys+HYSI(YE b YV R ODRYDHE4 AVE)ITYL+ Y6 €Xd)act | onn6 (G )
b.y/ant I'a val ouet m ni mum possi bl e en connexi on avec |a conbi nai son donnee du
prem er nonbre pr6s6l ecti oOYHR.Y33@)Y5aH.Y4.Y5. T8k YTofeliee Opr es6l ecti onn6 (10).
10 8.10 Appar et bélentbrorpattindealaspussbriedematsde fodes patntials: d'une sous-sétirtattiellege 296 mots
convertir des Keemlesmelsidonn6es d' entr6e A 8 bits X (X, 1 X2 ..., X8) en
nmots de codes- @esigsafiop Pé‘h‘&"'!)deﬁméﬁ dy cedeg véels dyja sous-sérierpprtiefle dp fundgei@i@iblochémt  un
reseau de port deMPeRH 8°sﬁ'B’P’! &t en oeuvre les relations |ogiques Y1 =
P3XI Ef PAX3 + ﬁsl"esgdas a“r'?"meptaq bloods dongéegparie mot do ﬁ%@%ﬁgmﬁ
X3+ P7+9¢gpou M;a\é"
P8 X6S+S3. X5 Y?“a‘“’ S?Q ?T%Bﬁ% B)‘@ﬁ“kﬂ%q‘%? RHgdidpoisipme sambre présélec-
Y8 = P4. (X . ) gst Ry + P3. X4+ S4.X7 + S7.X5 Y9 = P2.5+ P3.X3 +

P4. X1 + Rg. Mdé Qgﬁﬁ la%ﬁ%aﬁdﬁelc ik coibriés dokmses & partir desquelles par partage des blocs de
Pl VL /2. V3. cdésdon &/bite oS 6t winotd de codes & 9 bits, compiéRantibs diepes duvantes
\P2=PI . X3. X4. ( Xsaection & pafiit db¥a s61ié d¥ usiaswicts X8 bits possibles Y=(Y1, Y2, . Y9) d'une sous-série
PS=P1. X2. X4. ( Xtonfldte (L) dB230MdtSde dlise¢mteXfieleatisdisant aux conditions Iogiques
P4=P| . P2. P3. VI . VAY1 *+ Y2 + Y3).(Y2 + @=L+ 3+ E).(f30 Y4 + Y5 V-0PR -G HHTE +
P5=V1. V7 S5E=PE+HPEXNT NIB=B) X4, X5. X6. ( X2+X7) P6=V1. V7
S6=P14F2 V7=( X6+X8) . VA(Y1+Y3+Y5+Y7).(Y3 +Y5+ YPFYYPIY2/BYHEY6 + Y8) = 1,
S7=P2+P3 et
Y1.Y2.Y3 + Y2.Y3.Y4.Y5.Y6 + Y3.Y4.Y5.Y6.Y7 + Y4.Y5.Y6.Y7.Y8 + Y7.Y8.YO = 0;
- une seconde sous-série (1) de 26 mots de codes conditionnels avec Y1=Y2=Y3=0, satisfaisant les
conditions logiques
30 (Y4 +Y5).(Y4 + Y5 + Y6). (Y4+Y5+Y6+Y7) (Y4+Y5+Y6+Y7 +Y8).(YT+YB+Y9) =1,
(Y5 +YT7).(YS+ YT +YO).(YA + Y6 +Y8) =1,
et
Y4.Y5.Y6.Y7.Y8 + Y7.YB.Y9 = 0;
- une troisitme sous-série (0) de 35 seconds mots de codes conditionnels potentiels avec
35 Y1=Y2=Y3=1, satisfaisant les conditions logiques
(YA+Y5+Y6+Y7+Y8).(YT+YB+YQ)=1,
et :
Y4.Y5 + Y4.Y5.Y6 + Y4.Y5.YS.Y7 + Y4.Y5.YB.Y7.Y8 + Y7.Y8.Y8 = 0;

- sélection a partir de la troisidme sous-série de secondsmots de codes conditionnels potentiels d’'une
sous-série partiefle de 26 mots de codes conditionnels réels;

- assignation & chacun des mots de codes réels des sous-séries, de I'un des 256 blocs de données
& 8 bits possibles, avec 26 desdits blocs de données & 8 bits possibles étant assignés chacun 2 un
premier mot de code conditionnel et & un second mot de code conditionnel; et

- pour le codage, remplacement de chaque bloc de données par [e mot de code assigné, la sélection

45 des mots de codes conditionnels dépendant de la valeur binaire du dernier bit du mot de code généré

au préalable;

de telle sorte que pour la séquence résultante de mots de codes, ledit premier nombre présélectionné
(G0) est de quatre, ledit second nombre présélectlonné (10) est de six, et ledit troisidme nombre pré-
sélectionné (G1) est de quatre.

7. Apparsil pour coder des données binaires en mots de codes, ledit apparell comprenant:

- des moyens récepteurs pour recevoir les données binaires et pour les partager en blocs comprenant
chacun un premier nombre donné de k bits;

- des moyens codeurs, couplés aux moyens récepteurs, pour produire des séquences de mots de co-

55 des de longueur fixe comprenant chacune un second nombre donné de n = k+1 bits;

- lesdites séquences n"ayant pas plus d’un premier nombre présélectionné (G0) de zéros consécutifs
dans celles-ci;

- lesdites séquences comprenant deux séquences, I'une consistant uniquement en positions de bits



spgéxgnf:s:rzrs%)l traire de bl ocssg epxg?]:aség(:;;‘;glnﬁozgrtSoﬂﬂmmmamﬁl'm,mr

resultante de nots de codes de sortle ledit prem er nonbre cprfL56r"ec§|o='nn

(GO estde quajre, .| efid .8%9 e GS bilsDRAS, chddihe §33dited’
pai au spa: acune it ncés
ledit trolsib r& ﬁ;ggﬁus%ué)g §Ia£ nngﬁ(;) écu hé%@? %q l On
| a revendi cati convertl r ocs

donnees d' entJ geyidy ssq n&e% arﬁél.oeﬁ% as plusJ@trﬁsrbﬂ‘%ﬁbrd‘ﬁréﬁé?&%nﬂﬁaﬁﬁéﬁﬁse a9
bits % = (Y, Jehsscutifs a Matsrieus aQh ,tes_gpcr eur etant un rsseau de portes | ogi ques
mettant. en O&UIéﬂi&rdléﬁnernﬁhﬂ% biasSieclionsd @15avantfa valelminkndm Plssidib &n Bhnekioaved 1aX4+
T1 + H Y2 = M tofmbhksdndommiée -t prémier ndibre’préssidbtionnd (G let b sécbnd{fombid présélektiyiné—
M{X4+N1X2+R1.X(Iﬂ)51. (X+S2)+H Y5 = MY= M. X5 + N2. M + R2X5+ S2. (i + $41) 60
Y7 = M2. X5+ N2. X5+ R2+ S2. X+T2+ H. X3 Y8 = MX7 + R2 + S2+T2 Y9 = M. X8+

N2. X840 RB. + Agparei{selon Iy yevendigation 7gcpmprenant wycodeur pour sqnvextir dassblocs dexdpnnées d'entrée

ME( X2+V5) . ( RBDIBX =054 X35+ 38) 9}(7‘20‘5\}’3 oodes o, soptie-85bitRY’ (Y1, ¥B. ... Y0). ledt codeur étant

H=X2. V5. V4 YBEReRUS portes loglques mertant o1 deues e cept ongipaiates T2=V3. V5 V4- 4V.

V2 ML=i ?+V. fr’(isp X \Z% g;ﬁf@ \5=XI +X3

N =V. V5. X4.fH N2=W/6. X5 1 3. X3, % 8.X RL=M i V5. X2

R24- M®/6. X7 S1=M V-5. X2 8%3'{,1 43P Ll e sorte qu' en réponse a

une séquenco arbitraire de bl ocs d enf onnees pour | a sequence 15
resultanto de nots de codes deysar ; normbr e pros6l ecti onne
(GO) est de quatre, Iedlhgep&yaﬁgﬁgﬁggg) ;'2332{5@%5%0) eat de quatre,
gﬂ}t troi si bme nonbig Ppsaike s kRPEXTEDP30AL si&7Re#ixs10. Apparel |

sel on la revendication 7, yganpLenpsks +1Pa.X0ERSXEXTAME +&IXgEr t i r une squencoe
W€ bl ocs deag@n- nees d entree A 8 bits X = (X, X2, ..., X8) on nots de
codes de sortie a 9 bits Y = (Y1, Y2, ..., Y9); ao | edit codeur
etant un COQ‘i”S{ §kgg§§t|el (f 1gur AL vqeg% §g §5‘P€€IV{ ournir

| oes meuf bifs _é_e_r_h.a_g e mot de codeé de sorti'e: neu rees, huht
d' entre ol e¥25&dn&2c&Rnect ees pourPFxRbAH} X4 déﬂﬁeﬁﬁf) bﬁ?spé*ﬁﬁ bl 0o de

donnees d' efyBe@8+x24ik8s Nouvi erre endyae (). xat.aRiGRBNECE8epR+EH NEUVi ene

sortie V4=X5.X6.X7.X8 P4=P1.P2.P3.V1.V2  S4=P2+P3+S3
30 V5=X2+X4+X5+X7 P5=V1.V?7 S5=P6+P2+P3
V6=X3.X4.X5.X6. (X2+X7) P6=V1.V7 S6=P1+P2
V7=(X6+X8) .V4 P7=V2.V3.X5 S7=P2+P3
- P8=V2. (P7+P8) S8=P7+81

de telle sorte qu'en réponse & une séquence arbitraire de blocs d’entrée de données, pour la séquence
résultante de mots de codes de sortie ledit premier nombre présélectionné (G0) estde quatre, ledit second
nombre présélectionné (10) est de six, et ledit troisiéme nombre présélectionné (G1) est de cing.

L
e “ 9. Appareil selon la revendication 7, comprenant un codeur pour convertir des blocs de données d'entrée
a 8 bits X = (X1, X2, ..., X8) en mots de codes de sortie & 9 bits Y = (Y1, Y2, ..., Y9), ledit codeur étant
un réseau de portes logiques mettant en oeuvrs les relations logiques
= MIXT+NIX1+R1+81+X4+T1+H
Y2 = MI+X2+R1+8S1+T1+H

4
Y3 = MIX3+N1X3+R1+S1X4+T1+H
Y4 = M1.X4 + N1.X2 + R1.X4 + 81 (X5+SZ)+H
Y6 =M .
Y8 = M2.X5 + N2.X7 + R2.X5 + S2.(X4 + S1)
5 Y7 = M2.X5 + N2.X5 + R2 + 52.X5 + T2 + H.X3
Y8 = M2X7 +R2 +82 + T2
Y9 = M2.X8 + N2.X8 + R2 + 82.X5 + T2 + H.X1
avec
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plar T“intbrmedialre d un tidnent A retard (21); ledit code ummm&“ﬁwlwml
réseau de portes | ogiques nettant epolforgsi! es rel ations
S2X31 + P4X4+ P5. (X1 1 3)+ P6X6 4 P7X1 + 85X515 P10. 38+ S6. 82( X2 +

P5. X2 + PO N+ P7. X3+ S5.V21 + P10X4 + S6! Y3 S2X3 + P4+ P5. V12 + P6. X6+ P7
+ P9. Vff+ Pl OFp&S#1 2534 .35. 2 Y4 = S2. X4 + P4+ P5X4+ P6X5+ PI O+ PII.V22 +

P123X4 + P13Z ﬁ@xﬂv Jx%&e il:§+§5$£2 37 v1 V3.V - Y68=

3. X+ P3+ P5 + PT. xa+ )xz Y= 8230 V5" P+ 55 + P13 Y8 = S4. X7+
P5. X5+ 85 + S72 ﬁd%’"’ﬂ(@m 34. st—géx§5+V#>5+ P7. X8+ P1i.0- avoc 35 40 45 50
55 31 EP Gr3khsts QB Bl T1=V1.V6 1lpddvPyvs | 11 1J1J11111
1111212 111 | Xl +X2 : V17=V2+X4
VRZX1+X3 - vadxd Q%o L ave  M1sHYUBIRa M2ZIMVG XS TR e+ X7+ X8

V1 =(VS+v9). (BRF¥IAN3 5) . (VI 1O+ 4NIVIDIGIXAVA \H25H. ¥O. 58 V12=V2. V4

V20=- X210 ( X3+ g =ptosm®. X7. X8 V1a3¥s. V8 .x2 R2=M.V6.X7 V21=X4+X3. X5
10 VB=X5+X7 V14=V12. Vi3 — —\/22=X4+X3. X5
V7=V6+X2+4X4  V15=V8. V12 V8=x3. Xp1=M-V5.X2 /) c8e7MN5.XT et
P1=V7.V11.V14  P8=V19. V4. V20 S1=P1+P2 P2=V14. VI | P9=Vl 9. V20

S2=S1+ P3 +P8  s-taig sertemgu’en réponse & une spquancgarhilpire/derbiags J'enjrée)dadonpéps pourdp sqauenpe >
résultante de mots de codes de sortie ledit premier nombre présélectionné (G0) estde quatre, ledit second

nombre présélectionné (10) est de quatre, et ledit troisidme nombre présélectionné (G1) est de neuf

10. Appareil selon [a revendication 7, comprenant un codeur pour convertir une séquence de blocs de don-
nées d'entrée a 8 bits X = (X1, X2, ..., X8) en mots de codes de sortie & 9 bits Y = (Y1, Y2, ..., Y9);
20 ledit codeur étant un codeur séquentiel (figure 6A) ayant neuf sorties pour fournir les neuf bits de
L/ chaque mot de code de sortie; et ayant neuf entrées, huit d'entre elles étant connectées pour recevoir
i les huit bits d’'un bloc de données d’entrée, etla neuvidme entrée (Z) étant connectée & la neuvidme sortie
par I'intermédiaire d’un élément & retard (21);
ledit codeur comprenant un réseau de portes logiques mettant en oeuvre les relations logiques
25 Y1 =82.X1 + P4.X4 + P5.(X1 + X3) + P6.X6 + P7.X1 + S5.X5 + P10.X3 + 86.Z
Y2 = 82.X2 + P5.X2 + P6.X6 + P7.X3 + S5.V21 + P10.X4 + S6.Z
Y3 = §2.X3 + P4 + P5.V12 + P6.X6 + P7 + PO.V22 + P10.X3 + P11.X5 + S6.Z
Y4 =82.X4 + P4 + P5.X4 + P6.X5 + P10 + P11.V22 + P12.X4 + P13.2
Y5=P1+P12.Z+P13.Z
30 Y6 = S3.X5 + P3 + P5 + P7.X6 + P3 + P13.X4
Y7 =83.X6 + S8 +P6 + S5+ P13
Y8 = S4.X7 + P5.X5 + S5 + S7 + P10.X5
Y9 = S4.X8 + S8.X5 + P5 + P7.X8 + P10.X6
avec
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‘Pa=vis. v3 P11=V4. VT3 S4=S3+Pl 3 P5=
P12=V13. (V17. V6+V18. vl 0} 26 EP 0413 076 BA _[ lm |
S5=P9+P| | P6=V17. V6. V3 P13=Vl 6. V9 3

~

S7=P6+P7 S8=P3+P8 so de tollQ_sorto qu'en r6ponse une sequence arbltralre-
de bl ocs de WbPRELE2 d' entVe=X5 . 8ur | a saquencoireyzsihtante de nots de code
de sortie | eghpdypres er qﬂﬂzjg?ﬁ;eSGIoctlonnG igﬁ%g % de quatro, lodit
second nonbrg.p selectlonn6 10) eat _de ski t r obi ene nonbre

pr 6s6l gct | onke- %éf Qﬁ¥9)3HX¥EV8A§paréVﬂdeebdeur pour -convertir

dos nots deo code d' entree a9 bItS Y = (Y, Y819=%3,v19) 096n6res par un

appareil co L"fej{—?ﬁﬁ V€ atlon 8, on blocs.de dopnn6es de sortie A 8
its X = (deﬁtl X8‘§ T dlt apparei | de¥8A5&? - EB83pkthant un reseau de

portos | ogi qUReXereX1 ¥R SHGONVS | 0s rel ati ous1ExaiysEs X1 = QB. Y1 + 04Y9

"LV TS vieviz.s Q4. Y8. YO + TI.VY2 +
+ T2 X4 _‘(ﬁz\?i“’%%zh 04 + 7 + CB.YA +

T2 X3 = QL.

. Y8 + T6. 87%%@?‘? 15’9‘5%1 18, (V8 + WB) + 04 + (YL + Y2) + T3.Y6 +

T5 Y7 X6 = (=237 . Y7 m@aﬁ?jm@zt YL + 6. W + B.Y6 + Q. Y7 45
SQV\B+@8V\9+Q4Y1 (Y8 + W) + Q0.Y7 + T4.Y8 X8 = Q. W8 + (03 +

T4 Y % Y7 avoc 50 55 32 EP 0 413 076

51111111111151111‘171 Y. 4 fl3GV\M~V4 VB0 @yB1+P2 Tl =Q +Q W2=Y4. Y5

Q= V\S P2 TEAQO 6 pg-mw_;vya Y6 @-g@%% T3= Q1+Q5+Q7 Wi=Y1. Y3

H=ve 7 VB=Y1 . @7 QE=\P +Q We=Y1.Y5  QB=WL.W
T6= Q5+296+Q7 P e v Fo VLyH17+y3e Vb
v S3=S1+P44P12
- P4=V15.V3 P11=V4.V3 S4=S3+P13
P5=V5.715 P12=V13.(V17.V6+V18.V10)}
25 S5=P9+P11
A e ——— om—
P6=V17.V6.V3 P13=V16.V9 S6=P12+P13
P7=V7.V14 S7=P6+P7
“ S8=P3+P8

de telle sorte qu'en réponse une séquence arbitraire de blocs de données d’entrée, pour la séquence ré-
suitante de mots de code de sortie ledit premier nombre présélectionné (G0) est de quatre, ledit second
nombre présélectionné (10) est de six, et ledit troisidme nombre présélectionné (G1) est de quatre.

11. Appareil décodeur pour convertir des mots de code d’entrée a 9 bits Y = (Y1, Y2, ..., Y9) générés par un
appareil codeur selon la revendication 8, en blocs de données de sortie & 8 bits X = (X1, X2, ..., X8), ledit
appareil décodeur comprenant un réseau de portes logiques mettant en ceuvre les relations logiques

X1=Q3.Y1T + Q4Y9 + T1.Y1 + T2
-'\/ 40 X2=0Q4.Y8.YO + T1.Y2 + T2
~ . X3=Q1.Y3+Q2 + Q3.Y2 + Q4. W7 + T2
X4=Q1.Y4+Q2 + Q4 + Y7 + Q8.Y4 + Q9.Y8 + T6.Y2
X5 = Q2.(Y7 + Y9) + Q3.(W8 + W) + Q4 + (Y1 +Y2) + T3.Y6 + T5.Y7

X6 =(Q2 + T3).Y7 + Q3.Y8 + Q4.Y1 + Q6.W7 + QB.Y6 + Q9.Y7

45 X7 = Q2.W8 + Q3.W9 + Q4.Y1.Q6.(Y8 + W7) + Q9.Y7 + T4.Y8
X8=Q2.W3 +(Q3 + T4).Y? + Q4.Y1 + QB.W7 + QO.Y7

55
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"WBSY7.YS  QB=VB. Y3 WB=Y7.Y9  QO=VR+WB+Yl 15 12. odeur pour
convertir des nots de codes d' entercesidofseEn ts Y = (YI m l ﬂﬂmmf
par un appareil codeur selon |a revendi.catben 9, en bIo

sortie a 8 bits X = (XI, X2, ..., X8), ledit appareil .d6codeur corrpr onant
un réseau de18v4i¥5 I@giwes TRigaRz on oeuvre les rolations |ogiques Xl =
M.Yl +NI. X2= M. Y2+

|

M ST+ R ‘lf"z?(%l ﬁf—‘ Y&%?l%sm T23QNHABKRI M Y4 + RRI+Ti + SI.- X5 =

MR. Y64 R2. m—mz ¥6 SOIEML WIKE TIMDIVEsHR. Y7 + T2 + H 25

X7 = M2. Y8wdyf. 55 + Ho%8 .= M2 YO+ N2.Y9 + T2+ H avec W=Y!..Y2 Y3
ML=Y5+WB ._-NQF&S ’vé” =3F 5% NL=MP1. Y2 N2=MR. Y8
\WE=Y7. Y8. YOI =Y RIER1L. QA=W W =- BARG+QBB QM =\\3. Y6 T1=ML. . W.. W
T2=- M. VB. RP65B1.¥5 OEwidwds. Y@= Q5+9s+leyl - Y2 . Y1. Y3  S2=-M2. Y8. Y7.Y9

W5=Y6 10Y2 W H—Ml W2Y8 WI=Y4. Y6+WA+Y6. Y8. Y7 . Yg
W= Y6+V\2+Y46-¢2 %/11 3 ﬁ%él&sa o%l d6codeur pour convertir des m)ts de codes

d' entr6e AWBHNTsYS& Q{=W5.Y®2 ..., Y9) ghn6r6s par un apparoil codeur
sel on |a reyengh opd | Py b+l Wyl ocs de donnbes de sortie A 8 bits X = (XI,
X2, ..., X8), ledt apparell codeur conprenant un r6seau de portes
I ogl q es\’Fekpant"Jf_l oeuvrenl,ee rel att I &1& ues ifls 1 Y2 rés Y3 .
T4 1 | éu reven S (e s

. W Ie\& k??ion
@.VW + QO = +N1 ‘%’ - .

. +
T6. Yl ,5+ QL3 SD X2 = I\;1Y2+N DE S{-%lT8+ Qs Y3+ Q7. Y6+
QLo Y8+- QL3 X7 = T9.Y8 + T8 + Qida MYIBR1.¥9+ YPs yFS + OB. Y1 + Q7. YO avec 55
\\33 X4.= M1.Y4 +R1.YZ + T1 + 8173
X5=M2Y6+R2Y6 + T2+ 82.Y7 +H
X6 =M2.YT + N2.Y7 + T2+ H
25 X7=M2Y8+N2Y6+R2+T2+H
: X8 =M2.YS + N2.YS + T2 + H
avec '

Wl=Y1l.Y2.Y3 M1=Y5+W5 M2=Y5+W6

® w2=W1.74 N1=Mi.YZ  N2=MZ.Y8
W3=Y7.Y8.Y9 R1=M1.W1,W7 R2=M2.W3.W8
W4=W3.Y6 T1=M1.W1.W7 T2=M2.W3.R2
3 W5=Y4.Y8.¥8  S1=M1.¥Y2.Y1.¥Y3 S2=M¥2.Y8.Y7.Y9
W6=Y6.Y2.Y4+W4 . (V2.F2+W2) =M1.W2.Y8
W7=Y4.Y6+W44Y6.¥8.Y7.Y9
@ W8=Y6+W2+¥4.Y2.Y¥1.¥3

18. Appareil décodeur pour convertir des mots de codes d’'entrée 2 9 bits Y = (Y1, Y2, ..., Y9) générés par
un appareil codeur selon la revendication 10, en blocs de données de sortie & 8 bits X = (X1, X2, ..., X8),
ledit appareil décodeur comprenant un réseau de portes logiques mettant en osuvre les relations Ioglques

45 X1=T3.Y1 + T4 + Q5.Y1.W11 + Q7.Y1 + Q9
X2=(T3+QB).Y2+T4
X3 =T3.Y3 + T4 + Q5.W11 + Q7.Y2 + QO.W5 + Q10.Y1
X4 = (T3 +Q12).Y4 + Q4.Y1 + Q5.Y4 + QO.WO + Q10.Y2 + Q11.Y2.Y4 + Q13.Y8

X5=T5Y6+T2Y9 +T7.Y8 + Q6.Y4 + T6.Y1 + Q13

50 X6 =T5.Y7 + T8 + Q8.Y3 + Q7.Y6 + Q10.Y9 +Q13
X7 =T9.Y8 + T8 + Q10.Y9
X8 =TO.YO + T8 +Q8.Y1 + Q7.Y9
avec '



t ~~~c L MW=Yl.Y2.Y3 Q=Y5.W T1=QLl+Q@ W= ' |
Q@=W O. Y6+W6. (Y8. WL2+V6. Y8) T2=Qapquedred. Y7 @:ﬁ‘ﬁ]mm“mﬂ “ ||||
T3=T1+T2 W=Y3. Y4 Q=Y5. Y2. WM. W8 1Q T TR s
T4=Q4+QL1+QL3 Wb=Y2. =\W2. Y7. Wi W3 T5=T1+Q4+Ql2 W6=Y4. B

QB=Y5. 8. (YA.YQ.\%ﬁﬁiﬁV@%-é%zé§$@5PW@7:Y7.?G=Q1+Q€W:WQ;Y4Y7.W13 T7=6+QLO
W8=Y8. W QB=V\w A5 b1 W. Wip ZERr1 Q3 vEa-wdR1Y8.. W32+ws . ¥BFV. Y4. Y8. VB 25 |

T9=T5+QL3 WLO=YI.Y2. W QLO- Y5. Y6. Y7. (Y3. Y4+ Q)Q3\_{_\ég:Y2+Y3
QL1-YG. WB. (Y1.Y2. Y3+YL1. Y3.Y4) WL2- W I_+YI _&2- Y5 W WL3=Y6. YO

QL3=Y5. WL2+Y5. WL \MI=HKA-WE WL5-QAFWEZ YS5W3.Wa. W12 W 6=WL4+Y8 WL7=WL+Y4 40

46 50 34 T3=T1+T2
- Wa=Y¥3.Y4 Q4=Y5.Y2.W4.W3
10 T4=04+Q11+Q13
w5=¥2.¥3 ‘Q5=W2.¥7.Wa.W13
T5=T1+Q4+Q12
- W6=Y4.W3 Q6=Y5.W8.(Y4.7Y2.Y3+Y1.W9)
T6=Q9+Q11
W7=Y7.Y6 Q7=W2.Y4Y7.Wi3
T7=Q5+Q10
, 2 W8=Y8.W7 Q8=W2.W12.¥8.W7.W5
N~ T8=Q3+Q5
W9=¥2.Y3 Q9=W2.Y4.Y8.W3
25 . TY=T5+Q13

W10=Y1.Y2.W4 Q10=Y5.Y6.Y7.(V¥3.Y4+W10)
W1l=Y2+¥3 011=Y5.We.(¥1.Y2.Y3+Y1.Y3.Y4)
W12=W11+Y1l Q12=Y5.Wi

30 — — po—
W13=Y6.Y9 Q13=Y5.W12+Y5 . Wi
W14=Y4+Y6
W15=Y3+Y7

3 W16=W14+Y8
W17=W1+Y4

o
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