
EP 0 413 076 B1 Description FIELD OF INVENTION 5      Present invention is
concerned with data coding for systems using partial-response signaling
with maxi- mum-likelihood sequence detection (PRML). Such a signaling and
detection scheme Is useful e.g. for magnetic or optic storage of data, and
for data transmission over cables. In particular, the invention is
concerned with data coding in PRML systems to shorten the time needed for
recognizing timing preambles that precede the data sequences to ensure
proper timing and gain acquisition In the receiver, and to achieve a more
reliable 10  distinction between arbitrary data sequences and the timing
preamble. BACKGROUND Rate 8/9 constrained codes for partial-response
class-IV signaling with maximum-likelihood sequence de- 15  tection (PRML)
have been designed to achieve proper operation of gain and timing control
loops and reduction of path-memory length of Viterbi detectors in PRML
receivers. In the presence of a precoder between partial- response class IV
(PR-IV) channel and rate 8/9 encoder, these two objectives are met by
restricting the max- imum run-length of O's, denoted by [err] in encoded
binary sequences [err] and limiting the maximum number of consecutive O's,
denoted by [err] In the two subsequences of [err] with even or odd time
indices. An example 20  of a system where [err] and [err] are both limited
by appropriate coding (eitherto4 and 4, orto 3 and 6, respectively) is
disclosed in U.S. Patent 4,707,681 to Eggenberger. It would be desirable to
have coding schemes which can accomplish a third task, i.e. to speed up the
start- up procedure of PRML receivers by shortening the minimum observation
length required to distinguish reliably encoded user data from the timing
preamble {1,1,1... 1,1} which in many systems is partof training sequences
25 preceding encoded data sequences [err]. OBJECTS OF THE INVENTION It is
an object of the invention to devise a coding scheme for PRML systems by
which the time required 30  for distinguishing timing preambles from coded
data sequences is reduced. It Is another object to provide a coding scheme
allowing to use shorter timing preambles. Afurther object of the invention
is a PRML coding scheme allowing the selection of code mappings which
enable simple implementation of encoders and decoders by logic gate arrays.
Another object of the invention is to provide a coding scheme for systems
using the PRML technique and 35  using a timing preamble of consecutive
ones which allows to maintain code constraints that are useful for the
proper operation of gain and timing control loops and for limiting the path
memory-length of Viterbi decoders in the receiver. SUMMARY OF THE INVENTION
40 These objects are achieved by an encoding method and by encoding
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
[err] of consecutive ones in the encoded data se- 



45  quence to 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 [err] in encoded sequences [err] the faster data
can be discriminated from the pre- amble. Since the timing preamble has to
be long enough to be reliablydetcted by PRML receivers during start- up,
smaller values of [err] allow shorter training sequences leading to faster
synchronization of PRML receivers. 50  The presented 8/9 codes, referred to
by the 3-tuple [err] 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 required 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 knowledge
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. 2    EP 0 413
076 B1 These and other advantages will become more apparent from the
following description of preferred em- bodiments of the invention with
reference to the drawings. LIST OF DRAWINGS 5 Fig.1 is a schematic
representation of the structure of stored data sequences which comprise a
timing pre- amble; Fig.2A is a block diagram representation of a system In
which present invention finds application; Fig.2B is a more detailed block
diagram of the encoder section of the system of Fig.2A; 10      Figs.3A, 3B
and 3C show for one specific code a pattern, in the matrix of all 9-bit
words, which indicates the preselection of all potential codewords; the
partitioning of the matrix of all possible 8-bit input words into nine
subsets, to facilitate assignment between coder input and output words; and
the assignment be- tween input and output subsets; Fig.4 shows for another
code the pattern, in the matrix of all 9-bit words, which indicates the
preselection 15      of all potential codewords; Figs.5A, 5B and 5C show
similar selections and assignments as in Figs.3A, 3B and 3C, for a further
code; Figs.6A and 6B are block diagrams of a finite-state encoder and of a
decoder for the implementation of the invention which is represented by the
selection and assignment matrices of Figs.5A, 5B and 5C. Tables 1 through 6
show the encoder logic and the decoder logic for three different
implementations of 20  the invention. 



DETAILED DESCRIPTION DATA FORMAT WITH PREAMBLES: 25 Fig.1 shows an example
of the structure of a data sequence when stored in a magnetic recording
medium (magnetic disk). As can be seen, each data record is stored
separately. The data section of each record is pre- ceded by a timing
preamble and a synchronizing pattern; these are necessary for initiating
the receiver to prop- erly read the recorded data. 30     It is important
that the timing preamble is correctly distinguished from the data. If the
data can comprise any arbitrary bit patterns, Including such which resemble
the used timing preamble (i.e. {1,1,1...... }), relatively long timing
preambles must be used and relatively much time is required for reliable
detection and discrimin- ation. To shorten this time, the present invention
suggests to add a constraint to the coded data sequences such 35  that bit
patterns corresponding to such a timing preamble will only occur in limited
length. This allows a faster distinction between the data and the preamble,
and as a consequence allows to use shorter timing preambles (which require
less storage space). BASIC MODEL: 40 Asystem in which present invention 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 atfrequencyf=0, a spectral maximum at a frequencythatdepends on
the particularrecording-system para- meters and an exponential decay at
higherfrequencies. Therefore, they are particularlywell 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 15 Is preceded by a precoder 13 whose
inputsequence Isthe encoded sequence [err] and whose output sequence [err]
is given by 50 [err] 55 where [err] denotes mod 2 addition and overbar
stands for negation. The input symbols of the PR-IV channel [err] [err]{+1,
-1} and the precoder-output symbols [err] are related to each other (as
shown by block 17) by the corre- spondence [err]- 1 where [err] have to be
interpreted as the real numbers 0 or 1. The ternary output sequence 3    EP
0 413 076 B1 of the PR-IV channel {ynj can then be written as 



[err] where (1)was used to obtain the relationship between [err] and [err]
Note thatthe all-zero sequence and the timing preamble (the all-one
sequence) at the input of the precoder result in the all-zero sequence and
{..., +2,+2,- 10  2,-2,+2,+2,-2,-2,...}, respectively, at the output of the
PR-IV channel. The run-length of O's in the output sequence [err] of the
PR-IV channel and in its two subsequences with even orodd time Indices have
to be limited in orderto aid the automatic gain control and timing
recovery, and reduce the length of path memory in the Viterbi detector.
This can be achieved by a method and apparatus as disclosed in U.S.Patent
4,707,681 to Eggenberger. The maximum run-length of channel outputs [err]
identical 15  to the timing preamble at the output of the PR-IV channel
{..., +2,+2,-2,-2,...} must also be reduced to permit reliable, fast
start-up of PRML receivers. These goals can be achieved efficiently by
present invention using a rate 8/9 encoder 11 followed by a precoder 13
that translates the desired run-length constraints originally defined at
the output of the PR-IV channel into simple run-length constraints [err] at
the output of the rate 8/9 encoder. 20      Precoding does not affect the
performance of data communication systems employing binary PR-IV sig-
naling and maximum-likelihood sequence-detection. However, the presence of
a precoder can lead to smaller run-length constraints at the output of the
PR-IV channel if encoders are restricted to a specific class. For example,
in the absence of a precoder, the class of rate 8/9 block encoders with
output block-size equal to 9 cannot produce channel-output sequences [err]
which have at most u=4 consecutive 0's and whose two sub- 25  sequences
with even or odd time indices have at most v--4 consecutive 0's. This can
be explained as follows. There are no more than 216 binary 9-tuples which
lead to PV-IV sequences [err] satisfying the constraints u=4 and v=4 when
they are transmitted over the PR-IV channel In any order. On the other
hand, when the PR-IV channel Is preceded by a precoder, there are 279
binary 9-tuples which can be juxtaposed in any order, and rate 819 block
codes with output block-size equal to 9 that give rise to channel-output
sequences constrained 30  by u=4 and v--4 can be constructed (of.
U.S.Patent 4,707,681 mentioned above). The input of the rate 8/9 encoder
[err] B, is an unconstrained binary sequence and the encoder output [err]
B, satisfies the following Boolean equations 35           [err] 40 10 50
where n is any integer, W denotes the Boolean OR operation and [err] stands
for the Boolean AND operation. Equation (3) limits the maximum run-length
of 0's in the encoder-output sequence to Go. Equation (4) does not allow
the maximum number of consecutive 0's in the two encoder-output
subsequences with even or odd time indices to exceed [err]. Finally,
equation (5) ensures thatthe maximum run-length of 1's in the
encoder-output sequence is not greater than [err]. In the following, the
encoder output will be designated as a [err]-con- 55  strained sequence. 4



EP0413076B1 ENCODER INPUT AND OUTPUT: Fig.2B shows more detail of the
encoder section 11 of Fig.2A. The encoder proper 11 B which accepts 8- bit
input blocks X and furnishes 9-bit output codewords Y, is preceded by a
serial-to-parallel converter 11A 5   which converts the serial stream of
bits [err] into the input blocks X. At the output side of the encoder, a
parallel- to-serial converter 11 C converts the codewords Y into a serial
bit stream of bits [err]. ENCODERS AND DECODERS FOR SELECTED BLOCK CODES:
10      The encoderforan (n,k) block code with rate equal to k/n assigns to
every block of k inputsymbols a block of n output symbols. The motivation
for the use of (9,8) block codes as opposed to non-block codes is the sim-
plicity of the encoder/decoder hardware associated with block codes. The
nonlinear binary (9,8) block codes designed sofar were constructed with the
objective of minimizing the constraints [err] and [err] (cf. e.g.
U.S.Patent 4,707,681). In thefollowing, simple encoder/decoder realizations
of two optimum (9,8) block codes which min- 15  imize the parameter [err]
in addition to [err] and [err] are presented. In terms of the 3-tuple
[err], these codes are characterized by (4,6,5) and (4,4,9). The smallest
sum of constraints [err] achievable with a (9,8) block code is 15. This
minimum is only attained by (4,6,5) and (4,5,6) among all constraints
[err]. ENCODER/DECODER FOR (4,6,5) CODE: 20 An encoder/decoder realization
of the (4,6,5) code is described first. The encoder design starts by
select- ing all 9-tuples Y = [err]  which satisfy the following Boolean
equations [err] (6) 25                   [err] and either [err] or 30
where (6), (7) and (8a) are used to generate a list [err] of 283 codewords
and (6), (7) and (8b) another list L2 of 263 codewords. By discarding all
9-tuples Y which begin or end with more than two 0's or have a run of five
ormore 0's, equation (6) ensuresthatthe constraint [err]=4 is satisfied.
Equation (7) guarantees [err]= 6 by limiting the run-length of 0's within
[err] and [err] to three. Finally, equation (8a) ((8b)) ensures [err] = 5
by eliminating all Y which begin with more than two (three) 1's or end with
more than three (two) 1's or have a 35  run of six or more 1's. Note that
if Y = [err]then Y' = [err]. Hence the codewords in one list can be simply
obtained by reversing the codewords in the other list. The (4,6,5) block
code presented here comprises 256 codewords and was arbitrarily chosen to
be a subset of [err] as opposed to L2. The 263 po- tential codewords in
[err] will be illustrated as 263 specific locations marked [err] within the
16 x 32 array shown in Fig.3A, whose [err] location at the intersection
ofthe i-th row, i=0,1,...,15, and the j-th column, j=0,1,...,31, 40
corresponds to the 9-tuple [err] where [err] and [err] are the binary
representations of the decimal numbers i andj, respectively. Note thatthe
lefthalf of the above array corresponds to [err]=0 whereas 



the right half corresponds to [err]=1. The locations in [err](4,6,5) marked
"-" represent 9-tuples which are not al- lowed to be used as codewords in
the (4,6,5) block code presented here. There are numerous block codes that
can be derived from the array [err](4,6,5), and the codewords in each 45
code can be assigned to 256 8-bit bytes in 2561 ways. Thus, the number of
all encoder mappings associated with the array [err] (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 [err] is
divided into 9 pairwise disjoint sets [err] k=1,2,...,9. The elements of
the subset [err] will be illustrated as specific locations marked "k"
within the 16 x 16 array shown in Fig.3B, 50  whose (j)-th location at the
intersection of the i-th row, 1=0,1,...,15, and the j-th column,
j=0,1,...,15, corre- sponds to the byte X=([err]) where [err] and [err] are
the binary representations of the decimal numbers i and j, respectively.
Similarly, the elements of [err] k=1,2,...9, the images of [err] 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 55  of the i-th row, i=0,1,...,15, and the j-th column,
j=0,1,...,31, corresponds to the 9-tuple Y= [err] where [err] and [err] 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 [err] (4,6,5). The
seven 9-tuples in [err] which are not used as codewords in the (4,6,5)
block 5    EP 0 413 076 B1 code presented here correspond to locations
marked [err] In D (4,6,5). The partitions [err] and [err] are as follows:
the patterns of 1's in A (4,6,5) and in the right half of D (4,6,5) are the
same as the pattern of [err] in the right half of [err] (4,6,5). The
othersubsets [err], k=2,3,...,9, and their images under the encoder mapping
[err], k=2,3,...,9, are simultaneously chosen such that the number of logic
gates needed is as small as possible. Note that the 5   choice of
partitions [err] and [err] and of the one-to-one correspondences between
[err] and [err] does not follow any rules except for k=1. The encoder and
decoder logic of the (4,6,5) code is shown in Tables 1 and 2, respectively.
In the sequel, the overbar used in the tables denotes negation in the
Boolean algebra. Intermediate variables [err] i=1,2,...,7, forthe
encoderand [err] =1,2,...,9, forthe decoderwere used to reduce the number
of logic gates. For the same 10  purpose, superpartitions [err] i=1,2...,9,
for the encoder and [err] =1,2,...,6,   for the decoder were introduced as
the union of partitions. The decoder includes an optional errorflag Fwhich
is raised (i.e., F=1) when the decoder input is an illegal codeword.
MINIMUM VALUE OF CONSTRAINTS SUM: 15 In the following, o denotes the sum of
all three constraints, i.e., [err]  (9) 



The block codes presented so far achieve  o=15. To find out the smallest o
achievable with a (9,8) block code, the maximum
numberoffreelyconcatenatable 9-tuples, n,, was determined forall relevant
constraints. 20  The smallest o achievable with an encoder for a (9,8)
block 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) block code was
obtained by modifying the encoder/decoder 25  logic associated with one
block code given in U.S.Patent 4,707,681. The conditions for the selection
of output codewords are given by equation (6) and the following two equa-
tions: [err] (10) and either 30 or where (6), (10) and (11a) are used to
generate a list [err] of 259 codewords and (6), (12) and (11b) another list
L2 of 259 codewords. Equations (6) and (10) ensure [err]=4 and [err]=4,
whereas (11a) or (11b) guarantees [err]=9. 35  Note that the codewords in
[err] can be simply obtained by reversing the codewords in [err]. The
(4,4,9) block code presented here comprises 256 codewords and was
arbitrarily chosen to be a subset of [err]. The 259 codewords in [err] will
be again illustrated as locations marked [err] within a 16 x 32 array [err]
(4,4,9) shown in Fig.4. Tables 3 and 4 show encoder and decoder logic of
the (4,4,9) code including an optional error detection 40  flag F, which is
raised when the decoder Input Is an illegal codeword. Note that the
notation 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 codes, i.e., none of the constraints [err] and [err] can be decreased
further without relaxing another one. 45 FINITE-STATE ENCODERS: The block
encoders discussed in the previous section break the information sequence
into blocks and han- dle them independently. In the following, a further
encoder will be described which is a finite-state machine, 50  I.e. in this
encoderthe output is notonly 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: 55 The encoder for the (4,6,4) code
Is a finite-state machine where the encoder state is defined as the last
bitof the preceding codeword. Similar to the decoders discussed above, the
decoderassociated 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 6  



EP 0 413 076 B1 (4,6,4) code performs betterthan the block codes described
above, i.e., it achieves [err], and yet its encoder/decoder implementation
is almost as simple as the ones for block codes. In the following, the
(4,6,4) code and its encoder/decoser realization are described. A list L of
230 code- words is obtained by selecting all 9-tuples Y= [err] which
satisfy (6),(7) and 5              [err] (12) Conditions (6) and (7) ensure
[err]=4 and [err]=6, whereas (12) guarantees [err]=4. The codewords in L do
not begin with more than two 0's or 1's. However, if the last bit of the
preceding codeword, henceforth denoted Z, >        is known, the next
codeword may start with three or four 0's in the case Z=1 and three or four
1's in the case Z=0. There are 26 binary 9-tuples which begin with three
orfourO's and do not violate (7), (12) and a modified 10  version of (6)
with [err] replaced by [err] to allow the codewords to begin with three or
at most four O's. Similarly, there are 35 binary 9-tupls which begin with
three or four 1's and do not violate (6), (7) and a modified version of
(12) with [err] replaced by [err]  to allow the codewords to begin with
three or at most four 1's. The 230 codewords in L, the 26 codewords
following Z=1 and the 35 binary 9-tuples following Z=0 will be 15
Illustrated as specific locations marked [err] "1" and "0", respectively,
within the 16 x 32 array shown in Fig.5A, where the definition with respect
to the correspondence between an array location and a 9-tuple in Fig.3Aap-
plies. The pattern of _'s in L (4,6,4) represents all 9-tuples which cannot
be used as codewords. The space of 256 input bytes [err] is divided into 13
pairwise disjointsets [err] k=1,2,...,9,a,b,cd, where the subscript k is a
hex- adecimal number. 20      The elements of the subsets [err] k=1,
2,...,d, will be illustrated as specific locations marked "k" within the 16
x 16 array shown in Fig.5B where the definition with respect to the
correspondence between an array lo- cation and an 8-tuple in Fig.3B
applies. The 230 bytes in A(4,6,4) marked "k" k=1,2,...,9,a,b, are mapped
in- dependent of the encoder state Z Into the 230 binary 9-tuples in L
(4,6,4) marked [err] where the Images of Ak, k=1,2,...,b, are [err]
k=1,2,...,b. The remaining 26 bytes in A(4,6,4) marked "c" and d" are
mapped either into 25  the 26 codewords in L (4,6,4) marked "1" If Z=1 or
into 26 codewords chosen out of the 35 binary 9-tuples in L(4,6,4) marked
"0". The elements of [err] k=1,2,...,b, are illustrated as locations marked
"k" within the 16 x 32 array shown in Fig.5C, where the definition with
respect to the correspondence between an array location and a 9-tuple in
Fig.3C applies. The images of the 26 bytes in [err] k=c,d, depend on the
encoder state Z and are specified by 30 the locations marked "c" and d in
the above array. The pattern of __'s in D (4,6,4) represent all 9-tuples
which are not used as codewords and comprises the pattern of -'s in L
(4,6,4) in addition to 35-26=9 unused 9-tuples marked by "0" in L(4,6,4).
The (4,6,4) encoder/decoder structure is shown in Fig.6(6A and 6B). The
encoder logic 19 has, besides the eight inputs for bits [err] and the nine
outputs for bits [err] one extra input Z which is con- 35  nected through a
delay element 21 to the bit output [err]. The delay element represents a
time delay correspond- 



ing tothe period ofthe byte clock. Thus, an input bit blockX may be
converted to twodifferentoutputcodewords Y, depending on the last bit of
the previous output codeword. The decoder need not to be a finite-state
machine (sequential decoder). A normal block 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 Z is required, receiving
the last bit [err] of the previous codeword through a delay element 27. The
encoder and decoder logic is shown In Tables 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 [err] i=1,2,...,22,
for the encoder and [err] 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. 50 55 7    EP 0
413 076 B1 Table 1. (4,6,5) Encoder Logic. 5 VARIABLES
PARTITIONS                SUPERPARTITIONS [err] 25 ENCODER OUTPUT [err] 45
50 55    EP 0 413 076 B1 3 Table 2. (4,6,5) Decoder logic. 5   VARIABLES
PARTITIONS                  SUPERPARTITIONS [err] 25 DECODER OUTPUT [err] 



ERROR DETECTION FLAG 50            [err]    EP 0 413 076 B1 Table 3.
(4.4.9) Encoder Logic. 5 VARIABLES
PARTITIONS [err] ENCODER OUTPUT 25 [err] 45 50 65 10    EP 0 413 076 B1
Table 4. (4,4,9) Decoder Logic. 5 VARIABLES
PARTITIONS [err] 26   DECODER OUTPUT [err] ERROR DETECTION FLAG 45 [err] 5D
55    EP 0 413 076 B1 5    Table 5. (4,6,4) Encoder Logic. VARIABLES
PARTITIONS                                      SUPERPARTITIONS 



[err] ENCODER OUTPUT [err] 50 12    EP 0 413 076 B1 Table 6. (4,6.4)
Decoder Logic 5 VARIABLES                   PARTITIONS
SUPERPARTITIONS [err] DECODER OUTPUT [err] ERROR DETECTION FLAG [err] 13
EP 0 413 076 B1 Claims 5   1.  Method for encoding binary data being
partitioned into blocks each having a first given number k of bits, into
codewords each having a second given number n = k+ 1 of bits, said method
comprising the steps of: - receiving the binary data; - producing sequences
of fixed-length codewords, 10           - said sequences having no more
than a first preselected number [err] of consecutive zeros therein; - said
sequences comprising two subsequences, one consisting only of odd bit
positions, and an- other consisting only of even bit positions, each of
said subsequences having no more than a sec- ond preselected number [err]
of consecutive zeros therein; characterized in that 15        - codewords
are selected such that the maximum number of consecutive ones which can
occur in any codeword sequence does not exceed a third preselected number
(G1) which is a minimum possible in connection with the given combination
of first preselected number [err] and second preselected number [err]. 20
2. Amethod according to Claim 1, forencoding datafrom which by partitioning
8-bitdata blocks were formed, 



into 9-bit codewords, comprising the steps of: - selecting from the set of
all possible 9-bit words Y= [err] a full subset [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 partial
subset, one of the 256  possible 8-bit so          data blocks; and - for
encoding, replacing each data block by the assigned codeword; such thatfor
the resulting sequence of codewords, said first preselected number [err] is
four, said second preselected number [err] is six, and said third
preselected number [err] is five. 3. Amethod according to Claim 1,
forencoding data from which bypartitioning 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= [err] a full subset [err] of 263 potential
codewords satisfying the logic conditions 40                       [err]
and - 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 [err] is four, said second preselected number [err] is
six, and said third preselected number [err] is five. 50   4.  Amethod
according to Claim 1, forencodingdatafromwhich by partitioning 8-bitdata
blocks were formed, into 9-bit codewords, comprising the steps of: -
selecting from the set of all possible 9-bit words Y= [err] a full subset
[err] of 259 potential codewords satisfying the logic conditions 55
[err] and - selecting from the full subset of potential codewords, a
partial subset of 256 actual codewords; 14    EP 0 413 076 B1 - assigning
to each one of the actual codewords of the partial subset, one of the 256
possible 8-bit 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 [err] is four, said second 



5       preselected number [err] is four, and said third preselected number
[err] is nine. 5. Amethod according to Claim 1,forencoding datafromwhich by
partitioning 8-bitdata blocks were formed, into 9-bit codewords, comprising
the steps of: - selecting from the set of all possible 9-bit word Y= [err]
a full subset [err] of 259 potential co- 10          dewords satisfying the
logic conditions [err] and 15        - 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 blocks; and - for encoding, replacing each data block by the
assigned codeword; such that for the resulting sequence of codewords, said
first preselected number [err] is four, said second 20      preselected
number [err] is four, and said third preselected number [err] is nine. 6.
Amethod according to Claim 1, forenooding data from which by partitioning a
sequence of 8-bit data block was formed, into a sequence of 9-bit
codewords, comprising the steps of: - selecting from the set of all
possible 9-bit words Y= [err] 25         - a first full subset (L) of 230
actual codewords satisfying the logic conditions [err] and 30        - a
second subset (1) of 26 actual first conditional codewords with  [err]
satisfying the logic conditions [err] and 35 - a third subset (0) of 35
potential second conditional codewords with [err] satisfying the logic
conditions [err] and - selecting 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- 45
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 [err] is four, said second preselected number
[err] is six, and said third preselected number [err] is four. 50  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 [err]
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-    EP 0 413 076 B1 selected number [err] of consecutive zeros therein;
characterized by - said sequences further having no more than a third
preselected number [err] of consecutive ones therein; - said third
preselected number [err] having the minimum value possible in connection
with the given 5           combination of first preselected number [err]
and second preselected number [err]. 8. Apparatus according to Claim 7,
comprising an encoder for converting 8-bit input data blocks X= [err] into
9-bit output codewords Y= [err] said encoder being a logic gate array
imple- menting the logic relations with               [err] 20 40
such that In response to an arbitrary sequence of input data blocks, for
the resulting sequence of output codewords said first preselected number
[err] Is four, said second preselected number [err] Is six, and said third
preselected number [err] Is five. 9. Apparatus according to Claim 7,
comprising an encoder for converting 8-bit input data blocks 45      X=
[err] into 9-bit output codewords Y= [err], said encoder being a logic gate
array imple- menting the logic relations with                    [err] 16
EP 0 413 076 B1 [err] 15 such that in response to an arbitrary sequence of
input data blocks, for the resulting sequence of output codewords said
first preselected number [err] is four, said second preselected number
[err] is four, and said third preselected number [err] is nine. 



20 10. Apparatus according to Claim 7, comprising an encoder for converting
a sequence of 8-bit input data blocks X= [err] Into 9-bit output codewords
Y= [err] 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
logic gate array implementing the logic relations [err] with [err] 55 and
17    EP 0 413 076 B1 [err] such that in response to an arbitrary sequence
of input data blocks, for the resulting sequence of output codewords said
first preselected number [err] is four, said second preselected number
[err] is six, 20       and said third preselected number [err] is four. 11.
Decoder apparatus for converting 9-bit input codewords [err] generated by
encoder apparatus according to Claim 8, into 8-bit output data blocks
[err], said decoder apparatus comprising a logic gate array implementing
the logic relations [err] with 35 55 12. Decoderapparatus forconverting
9-bit inputcodewords [err] generated by encoder apparatus according to
Claim 9, into 8-bit output data blocks  [err], said decoder apparatus
comprising a logic gate array Implementing the logic relations [err]
EP0413076B1 [err] 13. Decoderapparatus forconverting 9-bit input codewords
[err] generated by encoder apparatus 



according to Claim 10, into 8-bit output data blocks [err] said decoder
apparatus comprising a logic gate array implementing the logic relations
[err] with 40 45 50 55    EP 0 413 076 B1 [err] 35 PatentansprOche 40 1.
Verfahren zum Codieren binaer Datn, die in Blocke untrteiltaind, von denen
jedersine erate ggebene Anzahl k an Bits hat, in Codeworte, von denen jades
sine zwelte gegebene Anzahl n = k + 1 Bits hat, mit den Schritten: -
Empiangen der binaren Daten; 45         - Erzougen von Folgen von
Codeworten foster i.ngo, - die Folgen enthalten nicht mehr alslne erste
vorgewihlteAnzahl (Go) aufeinanderfolgender Nul- Ion; - die Folgen umfassen
zwei Subfolgen, von denn mine nur aus ungeraden Bitpositionen und die
andere nuraus geraden Bitpositionen besteht, wobeijedederSubfolgen
nichtmehrals oine zwei- 50            tb vorgewahite Anzahl (10)
aufeinanderfolgender Nullen enthfilt; dadurch gekennzeichnet, dag - die
Codewortb so ausgewihit werden, daB die maximale Anzahl
aufeinanderfoigender Einsen, wel- che in siner beliobigen Codewortfolge
auftreten kann, sine dritte vorgwfihite Anzahl (GI) nicht Oiber- schreitet,
welche ein Minimum darstellt, das in Verbindung mit der ersten vorgewihiten
Anzahl (Go) 55          und der zweiten vorgewihlten Anzahl (la)
m8glicherweise auftreten kann. 2. Verfahren nach Anspruch I zum Codieren
von Daten, von weichen aus den unterteilten 8-Bit-Daten- blacken
9-Bit-Codeworte gebildet werden, umfassend die folgenden Schritte: 20    EP
0 413 076 B1 



[err] 35 PatentansprOche 1. Verfahren zum Codberen binArer Daten, die in
Bl8cke unterteiltaind, von denen jedereine erste gegebene Anzahl k an Bits
hat, in Codeworte, von denen jades sine zweite gegebene Anzahl n = k + I
Bits hat, mit den Schritten: - Empfangen der binaren Daten; 45         -
Erzeugen von Folgen von Codeworten fester LAnge, - die Folgen enthalten
nioht mehr als eine erste vorgewahIte Anzahl (Go aufeinanderfolgender Nul-
len; - die Folgen umfassen zwei Subfolgen, von denen esne nur aus ungeraden
Bitpositionen und die andere nuraus geraden Bltpositionen besteht,
wobeijedederSubfolgen nichtmehrals elne zwei- 50             te vorgewihite
Anzahl (I.) aufelnanderfolgender Nullen enthalt; dadurch gekennzeichnet,
daBl - die Codeworte so ausgewihitwerden, dal die maximale Anzahl
aufelnanderfolgender Elneen, wel- che in elner bellebigen Codewortfolge
auftraten kann, eine drittevorgewthite Anzahl (GI) nicht Oberv- schreitet,
welche ein Minimum darstelit, das In Verbindung mit der ersten vorgewahiten
Anzahl (GO) 55           und der zwelten vorgewihiten Anzahl (lo
m8glicherweise auftreten kann. 2.  Verfahren nach Anspruch I zum Codieren
von Daten, von welchen aus den unterteilbtn 8-Bit-Daten- bl8cken
9-Bit-Codeworte gebildet werden, umfassend die folgenden Schritte: 20    EP
0 413 076 B1                             1111   K 111II li1ij  l lII IIK I!
,         *  ~~~C   L   M   S* - Auswahlen sines vollen Subsatzes (L1),
bestohend aus 263 moglichen Codeworten, 8Us dem Satz aller moglichen
9-Bit-Worte Y = (YV, Y2,..., Y9) wobei der Subsatz die folgenden logischen
Bedin- gungen erftlit: (YI + Y2 + Y3)-(Y2 + Y3 + Y4 + Y6 + Y)Y +  4      4
Y6 4 YO + Y7)(Y4 + Y5 + YO + Y7 + 5
Y8)(Y7 + YS + Y,) = 1, (Y1 + Y3 + Y6 + Y7)(YS + Y6 + Y7 + Y9)-(Y2 + Y4 + Ye
+ Y8) = I und Y1-Y2-Y3 + YrY3-Y4Y6-Y8Y7 + Y3sY4Y6YY7 Y8 + YrY7rYVY  = 0; -
Auswahlen einesTeil-Subsatzes, bestehend aus 256 aktuellen Codeworton, aus
dern vollen Subsatz 10          der mogllchen Codeworte; - Zuordnen von je
elnem der 256 moglichen 8-Bit-Datenblocke zu Jo elnem der aktuellen
Codeworte des TeilSubsatzes und 



- Codieren der Datenbl8cke dadurch, daBJeder Datenblock durch das
zugeordnete Codewort ersetzt wird; 16      so daB fOr die sich ergebende
Folge von Codeworten die erste vorgewahite Anzahl (Go) die Vier ist, die
zweite vorgewahlte Anzahl (ia) die Sechs ist und die dritte vorgewahite
Anzahl (GI) die FOnf !st. 3. Verfahren nach Anspruch I zum Codleren von
Daten, von welchen aus den unterteilten 8-Bit-Daten- biocken
9-Bit-Codeworte gebildet werden, umfassend die folgenden Schritte: 20
- Auswahlen sines vollen Subsatzes (L2), bestehend aus 263 moglichen
Codeworten, aus dem Satz aller moglichen 9-Bit-Worte Y = (YI, Y2, ..., Y')
wobel der Subsatz die folgenden logischen Bedin- gungen erftlilt (YV  + Y2
+ Y3)-(y2 + Y3 + Y4 + Y  + YO)(Y3 + Y4 + Y + Ye + Y7) (4 + Ye + YO + Y7 +
Ya)-(Yi + Ye + Ye) = I, 25                  (Y1 + Y  + Y+Y7).(Y4 + Ys + Y7
+ Y)(Y2 + Y4 + YB + Y8) = 1 und Y1Vy2 y3-Y4 + Y2-Y3aY4-Y5Ye.Yy7 + Ya3Y4 Y6
Y8eY7 Y8 + Y7.Y8 Y = 0; - Auswahlen eines TelI-Subsatzes, bestehend aus 256
aktuellen Codeworten, aus dem vollen Subsatz der moglichen Codeworte; so
- Zuordnen von je elnem der 256 moglichen 8-Bit-Datenbl8cke zu Je einem der
aktuellen Codeworte des Tell-Subsatzes; und - Codieren der Datenbiocke
dadurch, dalBjeder Datenblock durch das zugeordnete Codewort ersetzt wird;
so dae fur die sich ergebende Folge von Codeworten die erset vorgewhite
Anzahl (Go) die Vier let, die 35      zwelte vorgewahit Anzahl (bo) die
Sechs let und die drittb vorgewshite Anzahl (G1) die Funf ist. 4. Verfahren
nach Anspruch I zum Codieren von Daten, von welchen aus den unterteilten
8-Bit-Daten- blockon 9-Bit-Codeworte gebildet warden, umfassend die
folgenden Schritte: - Auswlhlen sines vollen Subsatzes (L1), bestehend aus
259 moglichen Codeworten, aus dem Satz aller moglichen 9-Bit-Worte Y = (Y.,
Y2, ... , Y9) wobol der Subsatz die folgenden logischen Bedin- gungen
erfOllt: (YI + Y2 + Y3){(y2 + Y8+ Y4 + Y5 + YS)-(Y3 + Y4 + Y4 + Ye + Y7). 4
+ Y8 + Ye + Y7 + YS4Y7 + Y8 + Y9) = 1, (Y1 + YJ + Y6)(Y6 + Y7 + YV)(Y2 + Y4
+ Y).Y4 + Ye + Ya) = I Ff5         und Yi-y2.Y3-y4.Y5.6 + y6-Y8-Y7'Y8-Y9 =
0; - Auswahlen sines Tell-Subeatzes, bestehend aus 256 aktuellen
Codeworten, ausudem vollen Subsatz der moglichen Codeworte; - Zuordnen von
ja oinem der 256 moglichen 8-Bit-Datenblocke zu je einem der aktuellen
Codeworte 50          des Teil-Subsatzes; und - Codleren der Datenblocke
dadurch, daB jeder Datenblock durch das zugeordnote Codewort ersetzt wird; 



so daB fOr die sich ergebende Folge von Codeworton die erste vorgewahlte
Anzahl (GO) die Vier Ist, die zwelbt vorgewahit Anzahl (10) die Mer let und
die dritte vorgewahito Anzahl (G1) die Neun ist. 5. Verfahren nach Anspruch
I zum Codleren von Daten, von welchen aus den unterteilten 8-Bit-Daten-
blocken 9-Bit-Codeworte gebildet werden, umfassend die folgenden Schritte:
- Auswahlen sines vollen Subsatzes (12), bestehend aus 259 m~glichen
Codeworten, aus dem Satz 21    EP 0 413 076 B111             1 !c1111 11111
lR    i aller moglichen 9-Bit-Worte Y = (YI, Y2, ...,Y,) wobei der Subsatz
die folgenden logiachen Bedin- gungen erffllti (Yi + Y2 + YS)(y2 + Y3 + Y4
+ Y5 + YG)(Y3 + Y4 + Y6 + Ye + Y7).(Y4 + Y5 + YS + Y7 + Y,).(Y7 + Ye + Y) =
1, 5                     (Y1 + Y3 + YG(YS + Y7 + Y9)(Y2 + Y4 + YO)XY4 + YO
* Y8) = I und Y1Yy'3-Y4rY6 + Y4 Y6 YeV7Y8yy9 = 0; - Auswahlen
einesTeil-Subsatzes, bestohond aus 256 aktuellen Codeworten, aus dem vollen
Subsatz der moglichen Codeworte; 10        - Zuordnen von Jo elnem der 258
m8glichen 8-Bit-Datonblocke zu jo einem der alctuellen Codeworte des
Teil-Subsatzes; und - Codleren der Datenbl6cke dadurch, daB jeder
Datenblock dutch das zugeordnetb Codewort ersetzt wird; so daB fOr die sich
ergebende Folge von Codeworten die erste vorgewahit Anzahl (Go) die Vier
lst, die 15      zwelte vorgewAhlte Anzahl (10) die Vier lit und die dritte
vorgewahit Anzahl (GI) die Noun ist. 6. Verfahren nach Anspruch I zum
Codioren von Datbn, von welchen aus den untertoilten 8-Bit-Daten- blcken
9-Bit-Codeworte gebildet werden, umfassend die folgenden Schritte: -
Auswahlon aus dam Satz aller m8glichen 9-Bit-Worto 20
Y = (YI, Y2, --, YO) - eines ersten vollen Subsatzes (L), bestehend aus 230
aktuellen Codeworten, welche die folgenden logischen Bodingungen orf illon:
lVI + Y2 + Y3)-y2 +Y Y3+4 + Y6 + YO)(Y3 + Y4 + YV  + Ye + Y7).(Y4 + YS + Y6
+ Y7 + YO).(Y7 + Y8 + YO) = I, 2a                  (VY + YS + Y6 + Y7)(ya +
Y5 + Y7 + Y)(Y2 + Y4 + YO + Y8 = i und Y1.Y2Y3 + Y2YaY4 Y6Ye +
Y,.Y4yY6.Y,.Y7 + Y4 YYeVY7 YS + Y7- Yr YV = 0; - Auswfhlen eines zweiten
Subsatzes (1), bestehend aus 26 aktuellon Codeworten, die lner ersten
Bedingung mit Y1 = Y2 = Ya = 0 untbrliegen und woiche welterhin die
folgenden logischen Bedingun- 



30          gen erfOllen: (V4 + YJ)V(Y4 + Y5 + Y)X(Y4 + Y6 + Ye + Y7) (V4 +
Y.    + YV  + Y7 + Y.).(Y7 + YS + Y9) =, (Y6 + Y7).(Y5 + Y7 + Y9)-(Y4 + Ye
+ Ya) = I und Y4.yV .e.Y7.Y8 + Y7,Y8.Y9 = 0 35        - Auswahlen oines
dritten Subsatzes (0) von 35 moglichen Codeworten, die oiner zweiten
Bedingung mitY1 = Y2 = Ya = I untbrilogen und welche weiterhin die
foigenden logischen Bedingungen erfhllen: ('4 + Y5 + Ye + Y7 + Y8)-(y7 + YO
+ YO) = I und Y4-Y6 + Y4 Y5.Ye + Y4.YaYeYV7 + Y4.YS.YSeY7.Y8 + Y7.Yg.Y9 =
0; 40        - Auswahlen eines Teil-Subsatzes, bestbhend aus 26 aktuellen
Codeworten, die der zweiten Bedin- gung unterliegen, aus dom dritten
Subsatz der m5glichen Codeworte, die der zwelten Bedingung unterlbgen; -
Zuordnen von Jo einem der 258 m8glichen 8-Bit-Datenbl8cke zu jo elnem der
aktudllen Codeworte der Subsatze, wobei 26 von den m8gichen
8-Bit-Datenbl*cken zweifach zugeordnet werden und 45          zwar einem
Codewort, das der orsten Bedingung untorilogt und einem Codewort, das der
zweiten Bedingung untorfiogt; und - Codieren der Datenblacke dadurch, daB
jeder Datenbnock durch das zugeordnete Codewort ersetzt wird, wobei die
Auswahl der bedingtbn Codeworte von dam bingren Wort des letzten Bits des
zultzt orzougben Codewortos abhangt; so      so daR far die sich ergebende
Folge von Codeworten die erste vorgewahlt Anzahl (GO) die Vier ist, die
zweitb vorgewahito Anzahl (10) die Sechs let und die dritte vorgewahito
Anzahl (G1) die Vier lst. 7.  Vorrichtung zum Codieren binarer Daton in
Codeworte, wobel die Vordichtung umfaRt - Empflngermitel zum Empfangen
binarer Daten und zurAufteilung dieser Daten in Biocke, von de- fl5s
non jeder eine erate gegebene Anzahl k an Bits umfal~t; - Codiermittel, die
mit don Empffingermitteln verechaltet sind, zum Erzeugen von Folgen von
Code- worten fester LAnge, von denen jedes Codeworteine zwelbt gogebene
Anzahl n = k i 1 Bits umna*tk - die Folgen enthaltbn nicht mehr als elne
orate vorgewahlbt Anzahl (Go) aufeinanderfotgender Nullen; 22    EP 0 413
076 6B13*                    I    IM I1  llll - die Folgen umfassen zwei
Subfolgen, von denen sine nur aus ungeraden Bitpositionen und die an- dere
nuraus geraden Bitpositionen besteht, wobeijede der Subfolgen nicht mehrals
sine zweibt vor- gewihite Anzahl (l0) aufeinanderfolgender Nullen enthalt,
dadurch gekennzeichnet, dal 5         - die Folgen nichtmehrals eine
drittbvorgewahleAnzahl (G) aufeinanderfoigender Einsen enthaiten; 



- die dritte vorgewshite Anzahl (GI) der Minimalwert let, der in Verbindung
mit der gegebenen Kombi- nation dererSten vorgewahlten Anzahl (GO) und
derzwelten vorgewahlten Anzahl (10) auftreten kmnn. 8. Vorrichtung nach
Anspruch 7, dadurch gekennzeichnet, da saleinen Codierer zur Wandlung von
8-Bit 10      EingangsdatenblocienX= (X1, X2, ..., X8) in
9-Bit-AusgangsoodeworteY= (Y1, Y2, ... ,Y9) umfagt, wobeI der Codierer sin
logleches Gate-Array ist, in welchem die foigenden logischen Funiktionen
implementiert sind: Yl = P3X1 + P4.X8 4 P 4+ S1 + S,.X1 Y2 = P3-X3 +
P4X.-5% + P8 + SO X2 + S9 X4 15                                       Y3 =
P1-X3 + P7 +ST7+ SO Y4 = PI-X4 + P8-X4 + 82 + S8 YV = Pi Y8 = P3 + P4 + PsO
P8`X6 + S3-s Y7 = P2.X6 + P3,(X5 + X6 Y8) + P4X4 + S3-X. + S5.XS 20
YB = P4-(01X3 + VW + PS.X7-Xg + PS-X4 + S4-X7 + 8A YO = PT6 + P3XS + P4-XI
+ P6- + P. + S4X8 mit 25                                         P.-V
.V2.VsV,.V,.V,            S,=PS + P,=V, VI = X1 + X  + XS
PS. =  X2.  - X4 * (XI +X2)    S2= PS+ P7 V3=Xl@X2'xs
p3 ', p,3Z2 -7  XI t+ X2       S3 -PI + S2 VS =Xs   X.  Xs Xg.       )
PV.VP    2  P .Vs  V2          S4 -P2i+ PS   St .~ VAXsa oeXswot -  XIea
PeS- VI (   id                             S, -gPwIhts      (oP 36      Vsz
x: X+ X. +Xs+ XT               PS CVt.                    .    S. -Pi +PS
Vs -)S Xo;Xs Xs - Xs  f  Xr)       Pa _ V2 V234                   ST - Pt +
PS VI  (Xs + XI) . V's                PS. VI: . V, - Xs              Ss.
P,4 Ps P,= v2 @(P. +p                 St s Pt + S, so dse in Reaiction suf
eine zufallige Fdlge der Eingangodatenblocke fujr die sich ergebencle Folge
der Ausgangscodeworbe die ersbe vorgewahlbe Anzahl (GO) die Vier ist, die
zweibs vorgewahlbe Anzahl (10) die 45       Seche lst und die dritte
vorgewsihit Anzahl (GI) die Ftinf ist. 9.  Vorrichtung nach Anspruch 7,
dadurch gekennzelchnet, daBl se oinen Codierer zur Wandiung von 8-Bit
Eingangsdatenbl6ckenX = (XI, X2, ..., Xs) in 9-Bit-AusgangsoodeworteY =
(Y., Y2, ..., Y9) umfalt, wobei der Codierer sin logisches Gate-Array ist,
in welchem die folgenden logischen Funictionen implementbert so      sind:
Y1 = MI-XI + NI-X + RI + S-X4 + T + H Y2 = Ml-X2 + R + S,+ T,+H YJ = MI-X3
+ NI-X3 + R. + S,-X4 + T. + H Y4 = Ml-X4 + N.X2 + R1-X4 + S1-(( I S2) + H
YV = M 



YO = M2-X5 + N2-R7 + R2X8 + S2-(X4 + SI) Y7  M2-XS + N2-X + R2 + S2* & + T2
+ H-Xq Y8 = M2X7 + R2 +82+ T2 23    EP 0 413 076 B1               I I!III
IlI1l II1iI llIlI B DI Y9 = MrXB + N2XB + R2 + S2Xt + T2 4 H-Xr mit 5 M
-(XI+ V) -*(X?+ VI) .+)(X + X, +X-X,) VI X,  X3 X, X, X.
H-34-V..V, TV2VX,.X,.X,.XV T a
TV,.V, V,=X,*Vz                      M,=M I V,-X,-T,
M2-M+V6.X i'4? V4aX4.VX                      N,=MiV,.X,.- 15    Vs-% Xf Xs
F4         X,  ,  sR Vs4 - X. += .V* XsM V 20      so daB in Reaktion auf
esne zufallige Folge der Eingangadatenblocke fOr die sich ergebende Folge
der Ausgangscodeworte die erate vorgewahite Anzahl (GO) die Vier ist, di
zwee vorgewahite Anzahl (4o) die Vier let und die dritte vorgewahlte Anzahl
(GI) die Neun let. 10. Vonrichtung nach Anspruch 7, dadurch gekennzeichnet,
daS sal einen Codierer zur Wandlung von 8-Bit 25       Eingangsdatenblocken
X = (XI , X, ... , Xa) in 9-Bit-Ausgangscodeworte Y = (Y1, Y2, ... , Y)
umfalt, wobel der Codierer ein sequentleller Codierer (Figur 6A) let, der
neun Ausginge zum Bereitstellen der neun Bits jedes Ausgangseodewortes
besitzt und ebenfalls neun Einginge, von denen acht so ver- schaltet sind,
daB sle die acht Bits eines Eingangsdatenblockes empfangen und der neunte
Elngang (Z) ist mit dam neunten Ausgang fiber ein Verzogerungselement (21)
verbunden; 30      der Codierer let ein logisches Gate-Array, in welchem
die folgenden logischen Funktionen Implementiert sind: Y1 = SrXi + P4-X4 +
P5-(X1 + RJ )  P4'X8 + P7-X4 + S-0(  I P10-X3 + S62 Y2 = .-X2 + P.x2 +
PB-X6 + P7-R3 . 8.V21 4 P10-X4 + SsZ Y3 = 28X3 *F P4 4 P6-V12 + PB-X6 + P7
+ P9V22 + Pir0-3 + Pi    8 * SwZ 35                       Y4 = S2 4 + P4 +
P6-RX4 + P6-X6 + PI0 + PIr-V22 4 P12-X4 + Pir-Z Y= P1  Pi2Z+ PgWZ Y6 = S308
+ P3 + P6 + PX + P9 + PIS-X4 Y7= S3-X.+ 8+ P, +SO+ P13 Y8 = S X7 + P4-X6 +
S5 + S7 + Pi,0-4 40                                 Y9 = S4-X8 + SOX5 + P,
+ P7-Xe + Pi A 



mit 45 50 55 24    EP 0 4013 076 B131 11111] I111111111 111111 [err]
S,=P3+P3 40      so dalB in Reaktion auf eine zufallige Folge der
Eingangsdatenbl&oke fOr die sich ergebende Fdge der Ausgangscodeworte die
erate vorgewihIte Anzahl (Go) die Vier let die zweite vorgewihite Anzahl
(10) die Sechs ist und die dritte vorgewihite Anzahl (Gl) die Vier ist. 11.
Decodiervorrichtung zur Wandlung von 9-Bit-Elngangscodeworten Y = (YV, Y2,
..., Y9), die von einer Co- 45       diervorrichtung nach Anspruch 8
erzougt wurden, In 8-Bit Ausgangsdatenblacle X = (XI, X2, ... , X), wo- bei
die Decodiervorrichtung ein logisches Gate-Array umrfat, In welchem die
folgenden logischen Funk- tionen implementiert sind: XI = QsYI + Q4Y9+
Tr-YI + T2 X2= Q4-YTr8c+ T-Y2+ T2 50                                     -
QrY+   +Q3-2 + Q4-W7+T2 X4= Q-Y4 2+02 c4-77 +8Y4+ Q.Y8+ TBY2 X6= Q2(Y7+ 70)
+ Q4(Wa + WS) + Q4-(Y1 + Y2) + T3 Y6 + T6-Y, XB6=(Q2+ T3)-Y7 + Q3-Y8 +
Q4-Yi + QB W7 + Q8-YB + Q9-Y7 X7= Q2rW8+ Q3-W9 + Q4Yi + Q(Y8s+ W7) + QrY7+
T4+Y8 55                             X8= Q2W9+ (Q3 + To)-Y9, Q4*Y, + QSW7.+
Q9.Y7 mit 25    EP 0 413 076 B1                    I |     || B 11| 111 I|
i||| *      L   M   S * w,=Y. .1                         QY     .= Y.
T.-Q. +Qz W3 Y,.Y,                         q,=W,.wI,;-Q T -Q, +Q, j>
W.-Y,.*,                           Q4-W2.W.           T.  Qs + T . 10 W,y.y
QaW-e-W4                      TsQ.+Q.+,I 



W, Y T   Y.                           Ws. WT  s YQ W,=Y,.Y 4_ .5 15  ~
we = Y? * Y,                      O. - W,  Y Ws-Y.eY.
Qs-W2.Ws .y, 2m   12. Deoodiervorrichtung zur Wandlung von
9-Bit-Eingangscodeworten Y = (Y1, '4, ... ,Y0) die von einer Co-
diervomichtung nach Anspruch 9 erzeugt wurden, In 8-Bit Ausgangsdatenbl&cke
X = (XI, X2, ..., Xs), wo- bel die Deoodlervorrichtung sin loglaches
Gate-Array umfaSt, in welchem die folgenden logischen Funk- tionen
implementiert aind: XI = M-Y,  N,-Y, T, + H-Y9 25
X2 = M-Y2 + N-74 + R, + T1 Xs3Ml-Y3 I N1-Y3+T,+ H-Y7 X4 M1-Y4 + R-V4 + T, +
S1-Y3 Xs = M2Ys + R2Y. + T2  Sy2Y7 + H = M2Y7 + N2Y7 + T2 + H 30
X7= M2Y8 + N2?.7 +   + T2 + H X8= M2-Y9 + NrYg + T2 + H mit 35        W,
Y. Y, Y3                        M,= Y. + W's WZ  WI Y4
N=WV, 72                      Nam =wY. .M, W1OYTY,.Y,
R,aM, .W,.W7                   R2al3,W3.Wo ,, 40           Wa.W.*Y,
.T14Z1.W,.?4J4 W y,s~.'4.V.*                       S,aU, s'4.77Vs
sM-1y, .v~ov W,_ Y,.  Yt-74 + W.  (V3      W) W, -Y' *Y + W4 +Y$-V..
Y. W, = Y$ + W, +  Y"y2 ' Y 50 13  Decodiervorrichtung zur Wandlung von
9-Bit-Eingangsoodeworten Y = (Yi, Y2, ..., Y,), die von elner o-
diervorrichtung nach Anspruch 10 erzeugtwurden, in -BitAusgangsdatenbiocke
X = (X1, X2, ..., X8), wo- bei die Deoodiervorrichtung ein logisches
Gate-Away umfaSt, in welchem die folgenden logischen Funk- tionen
implementiert sind: 55                                  Xi = TVY1 + T4
+QrYrW+ QI    Y 7-+ X2 = (T, + 06)-Y2 + T4 X3 = T3rY3 + T4 + Q0rWii + Qr72
+ Q9rW, + QiO-Y, X4 = (T3 + Q12)-Y4  Q4'y + QrVY4 + Q,*W9 + Qio.Y2 +
QwVY2-Y4 + Q13Ye 26    



EP 0 413 076 B1                     |1iillll  ll  ll X  X                 *
~~~~~~~~C   L  M   S X6 = TVY, + T2.Y, + T7-Y6 Q4 Y4 + TWY, + Q13 Xe =
Ts-Y7 + T +4 Q.ya +    Q 10j-g . 9 + Q13 X7 = T.YS + TS + Q10-.V X = To-Y9
+ Ts + Q.Y1 + Qrve 5       mit 10    Wj=Y'*y2%y*
1Y*sT-t|Q w10*Y, W-w2*Y2
r,=QI.Tt 5    sV, = ys * Y4         q~~~.2 W, Y . +  W.- (.W             T.
W. +i W.l I Ws-y.'y4                     Q0Y=WYIY.W,.W2
T4=Q.+Qt WsinY~.y2 *Ws                 Qe B~s *Wa '&4'Y2 * t5+Y,
T5 -T1Qn + 20 W. = Y. . i,          Qt              =       WX * Y.,  a.
W. -iW.           1- Q, Qs=YrwiCzW.VY4.y1.-W                .TsUTS+QU 26
WI.=.Y2.*Y W4                  QW -.VT.' *?2.5Y4+FW1) w,, rY:+ Y.
Q _Ys *Wt * i"*Y:Y+i?2.*Yl   3y -2   W, 4 Y. Ve               Q2O -   * =
w~~~~~~~~~~4 +  ~ ~ ~ ~    ~      ~      ~      r    s   3 N...w.w. Wr W,
_W, + r, 46 Revendlcatlons 1. Procede do codage do donnees binaires
partagees en blocs ayant chacun un premier nombro donne k do bits, on mots
do codos ayant chacun un socond nombre donne do n = k ' 1 bits, lodit
procede compre- nant los etapes suivantos: 50         - reception des
donnees binaires; - production do sequences do mots do codes do longueur
fixe, - lesdites sequonces n'ayant pes plus d'un premier nombre
preselectionne (GO) do zeros conse- cuWSfa  a l'interiur do cello-cl; -
lesditos sequonces comprenant doux sequences, I'une consistent uniquomont
en positions do ss bits impaires, ot l'autre consistent uniquement on
positions do bits palres, chacune desdites sA- quences n'ayant peas plus
d'un second nombre preselectionnA (I0) do zeros consecutifs a l'inte- riour
do cello-cl; caracterise on ce quo 27    EP 0 413 076 BI
11111111 fu1l 1 JllII 1111 



- des mots de codes sont selectionnes de tells sorts que le nombre maximum
de ceux qui sont conse- cutifs qui peutse produire dans touts sequence de
mots de codes n'excede pas un trolsibme nombre preselectionne (GI) qui est
un minimum possible on connexion avec la combinaison donnes du pre- mier
nombre preselectionne (GO) et du second nombre pr6s6lectionne (10). 5 2.
Procede salon la revendication 1, pjour coder des donnees A partir
desquelles par pertage des blocs de donn6es A 8 bits ont 4M formes, en.
mots de codes A 9 bits, comprenant les teapes suivantbs: selection A partir
de la serle de tous les mots possibles a 9 bits Y = (YI, Y2, ..., Y9) d'une
sous- serie complets (LI) de 263 mots de codes potentiels satisfaeisant aux
conditions logiques 10             (YI + Y2+ Y3).(Y2+ Y3+ Y4+ Y5+ Y6).(Y3+
Y4V+ Y5+ Y+ Y7).(Y4 + Y5 Y6+ Y7+ Y8).(Y7 + Y8 + Y9) = I (YI + Y3 + Y5 +
Y7).(Y3 + VS  Y7 + YV9.(Y2+ Y4 + YV + Y8) = 1 et Y1.Y2.Y3 +
Y2.Y3.Y4.Y5.Y6.Y7 + Y3.Y4.Y5.Y6.Y7.YB + Y8.Y7.Y8.Y9 =0; ,5        -
selection A partir de la sous-serie complte de mots de codes potentiols,
d'une sous-s~rie partielle de 256 mots de codes reds; - assignation A
chacun des mots de codes reels de la sous-seile partlelle, de l'un des 256
blocs de donnees A 8 bits possibles; et - pour le codage, remplacement de
chaque bloc de donnees par le mot de code assigni; de tells sorts 20
quo pour la sequence resultanto de mots de codes, ledit premier nombre
preselectionne (GO) eat de quatre, ledit second nombre preselectionnA (10)
est de six, et led it trolsibme nombre preselectionne (G1) est de cinq. 3.
ProocdA selon la revendication I, pour ooder des donnees a partir
desquelles par partage des blocs de 25      donnees A 8 bits ont Ate
formes, en mots de codes A 9 bits, comprenant les etapes suivantss: -
selection A partir de la serie de tous lee mots A 9 bits possibles YV=(YI,
Y2, ...,Y 9) d'une sous-serie complte (1-2) de 263 mots de codes potentiels
satisfalesant aux conditions logiques (YI+ Y2 +Y3).(Y2+ Y3+ Y4 + YVS+
Y).(Y3 +Y4 + Y5+ Y+ Y7).(Y4 + Y5+ Y8+ Y7 + YV).(Y7+ Y8+ Y9)=I 3D
(Y1 + Y3( + Y5I+ Y7).(Y3V+ Y5+ Y7+ Y).(Y2+ Y4+ Y6+ Y8)=1, et YI.Y2.Y3.Y4 +
Y2.Y3.Y4.Y5.Y6.Y7 + Y3.Y4.Y5.Y6.Y7.YB+ Y7.Y8.Y9= 0; - selection A partir de
la sous-sedrie de mots de codes potentisle, d'une sous-rie partiolle de 256
mots de codes rMels; 35        - assignation A chacun des mots de codes
rMels de la sous-serie partielle, de l'un des 258 blocs de donnees A 8 bits
possibles; et - pour le codage, remplacement de cheque bloc de donnees par
Is mot de code assigne; de telle sorts quo pour la sequence resultants de
mots de codes, ledit premier nombre preselectionnt (GO) est de quatre,
ledit second nombre preselectionne (10) est de six, et ledit trolsiAme
nombre preselectionne 



40          (G1) est de cinq. 4.  Procedd solon la revendication 1, pour
coder des donnees A partir desquelles par partage des blocs de donnees A 8
bits ont ete formes, on mots de codes A 9 bits, comprenant le etapes
sulvantes: - selection A partir de la serie de tous lee mots A 9 bits
possibles Y=(YI, Y2, ..., Y9) d'une sous-serie 45          complte (LI) de
259 mots de codes potbntiols satisfalsant aux conditions logiques (YI + Y2+
Y3).(Y2 + Y3+ Y4I Y5+ Y6).(Y3+ Y4+ Y5+ YB+ Y7).(Y4 + Y5+ Y6+ Y7 + Y8).(Y7 +
Y8 + Y9) = I (Y1 + Y3+ Y5).(Y5+ 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-seriede mots de codes potsntlels, d'uno sous-serie partielle de 256
mots do codes rMels; - assignation A chacun des mots de codes rMels de la
sous-serie partielle, de l'un des 256 blocs de donnees A 8 bits possibles;
et 58        - pour le codage, remplacement de chaque bloc de donneos par
le mot de code assigne; do tells sorte quo pour la sequence resultanto de
mots de codes, ledit premier nombre preseloctionne (GO) est de quatre,
ledit second nombre pr~sblectionnb (10) eat de quatre, et ledit troisieme
nombre preselec- tionne (G1) est de neuf. 28    EP 0 413 076i1 !B1!j111 111
I  lI   If 1l R 5. Proced selon la revendication 1, pour coder des donn6es
a partir desquelles par partage des blocs de donn6es A 8 bits ont ete
form6s, en mots de codes a 9 bits, comprenant les etapes suivantbs: -
selection A partir de la s6rie de tous lee mots 3 9 bits possibles Y=(Y1,
Y2, ..., Y9) d'une sous-sefie complteb (L2) de 259 mots de codes potentils
satisfalsant aux conditions logiques 5              (YI +Y2+Y3).(Y2+Y3+Y4 +
Y5+Y6).(Y3+Y4+Y5+Y6+Y7).(Y4+Y5 + Y6+ Y7 + Y8).(Y7 + Y8 + Y9) = I (YI + Y3 +
Y5).(Y5 + Y7 + Y9).(Y2 + Y4 + Y6).(Y4 + YB + Y8) = 1, YI.Y2.Y3.Y4.Y5 +
.Y4.Y5.Y6.Y7.Y8 + Y7.Y8.Y9 = 0; 10        - s6leotion a partirde la
sous-s6riede mots de codes potentiels, d'une sous-serle partlelb de 256
mots de codes reels; - assignation A chacun des mots de codes reels de la
sous-serie partielle, de l'un des 256 blocs de donn6es A 8 bits possibles;
et - pour Is codage, remplacement de chaque bloc de donn6es par Is mot de
code assign6; de teil. sorts 15          que pour la s6quencoe resultante
de mots de codes, ledit premier nombre pr6s6lectionn6 (GO) est de quatre,
ledit second nombre pres6lectionn6 (10) ost de quatre, et ledit trolsibme
nombre pr6s6lec- 



tionn6 (GI) est de neuf. 6. Procdde selon la revendication 1, pour coder
des donn6es A partir desquolles par partage des blocs de 20      donn6es A
8 bits ont 6te form6es, en mots de codes A 9 bits, comprenant les 6tapes
suivantes: - s6lection A partir de la s6rie de tous les mots A 9 bits
possibles Y=(YI, Y2, ..., Y9) d'une sous-serie complte (L) de 230 mots de
codes potentiels satisfaisant aux conditions logiques (YI + Y2 + Y3).(Y2 +
Y3 + Y4 + Y5 + Y6).(Y3 + Y4 + Y5 + Y6V+ Y7).(Y4 + Y5V+ Y6e+ Y7 + Y8).(Y7 +
Y8 + Y9) = 1 25                    (YI + Y3 + Y5 + Y7).(Y3 + Y5 + Y7 +
Y9).(Y2 + Y4 + Y6 + Y8) = 1, et YI.Y2.Y3 + Y2.Y3.Y4.Y5.Y6 + Y3.Y4.Y5.Y6.Y7
+ Y4.Y5.Y6.Y7.Y8 + Y7.Y8.Y9 = 0; - une seconds sous-s6rie (1) de 26 mots de
codes conditionnels avec Y1=Y2=Y3=O, satisfaisant les conditions logiques
30          (Y4
+4Y5).(Y4+Y5+Y6).(Y4+Y5+Y6+Y7).(Y4+Y5+Y6+Y7+Y8).(Y7+Y8+Y9)=1, (Y5 + Y7).(Y5
+ Y7 + Y9).(Y4 + Y6 + Y8) = 1, et Y4.Y5.Y6.Y7.Y8 + Y7.Y8.Y9 = 0; - une
trolsieme sous-serie (0) de 35 seconds mots de codes conditionnels
potentiels avec 36          YI=Y2=Y3=1, satisfaisant lee conditions
logiques (Y4 + Y5V+ Y6 + Y7V+ Y8)).(7 + Y8 + YB) = 1, et Y4.Y5 + Y4.Y5.Y6 +
Y4.Y5.Y6.Y7 + Y4.Y5.Y6.Y7.Y8 + Y7.Y8.Y9 = 0; - s6lection A partir de la
troisieme sous-s6rie de secondsmots de codes conditionnels potentiels d'une
40          sous-s6rie partielle de 26 mots de codes conditionnols r6els; -
assignation A chacun des mots de codes rMsal des sous-serles, de l'un des
256 blocs de donn6es a 8 bits possibles, avec 26 desdits blocs de donnees A
8 bits possibles etant assignes chacun A un premler mot de code
conditbonnel et A un second mot de code conditionnel; et - pour le codage,
remplacement de chaque bloc de donnees par le mot de code assign6, la
selection 4S          des mots de codes conditionnels d6pendantde la valeur
binaire du dernier bitdu motde code genere au prdalable; de telle sorte que
pour la sequence r~sultante de mot de codes, ledit promiernombre
pr~shlectionn6 (GO) est de quatre, ledit second nombre preselectionne (10)
est de six, et ledit troisibme nombre pre- selectionne (GI) est de quatre.
50 7. Appareil pour coder des donnese binaires en mots de codes, ledit
apparell comprenant: - des moyens recepteurs pour recevoir les donnees
binaires et pour lee partager en blocs comprenant chacun un premier nombre
donne de k bits; - des moyens codeurs, couples aux moyens recepteurs, pour
produire des sequences de mots de co- S6          des de longueur fixe
comprenant chacune un second nombre donne de n = k+1 bits; 



- lesdites eaquences n'ayant pas plus d'un premier nombre pr~selectionn6
(GO) de zeros consecutifs dans celles-ci; - lesdites sequenoes comprenant
deux sequences, I'une consistant uniquement en positions de bits 29    EP 0
413 076 B1                  ||| ||| || || ||| W           *  ~~~~C   L  M
S* impalres, et l'autre consistant uniquement en positions de bits paires,
chacune desdites sequences nWayant pas plus d'un second nombre
pres6lectionne (10) de zeros cons6cutifs A l'interieur de celles- ci;
caracterls6 en ce quo - lesdites sequences n'ayant en outre pas plus d'un
troisibme nombre pres6lectlonn6 (GI) de uns s           cons6cutife a
l'interieur de celles-cl; - led it troisibme nombre pres6lectionn6 (GI)
ayant la valour minimum possible en connexion avec la combinaison donnee du
premier nombre pr6s6lectionne (GO) et Io second nombre pres6lectionn6 (10).
10  8. Appareil selon Ia revendication 7, comprenant un codeur pour
convertir des blocs de donn6es d'entr6e A 8 bits X   (X,1 X2 ..., X8) en
mots de codes de sortie a 9 bits Y = (YI, Y2, ... Y9) ledlt codeur tmant un
reseau de portes logiques mettant en oeuvre les relations logiques Y1 =
P3XI + P4X3 + P8  S1 +S6.XI Y2 = P3.X3+ P4.X5.X6 + P8 4 88.X2 + S3.X4 15
Y3 = PiX3+ P7+ S7+ S8 Y4 = PI1X4+ P3.X4+ S2 +S8 Y5 = P Y6 = P3+P4+PB
P8.X6S+S3.X5 Y7 = P2.X6+ P3.(X5+X6.XB)+ P4.X4+ S3.XB+ S5.X5 20
Y8 = P4.(XI.X3 + X2) + P6.X7.X8 + P3.X4+ S4.X7 + S7.X5 Y9 = P2.5+ P3.X3 +
P4.X1 + P5.X5X7+ P3+ S4.X8 avec Vl=Xl+X24X3
Pl=V1.V2.V3.V4.V5.V6  S1=P5+P6=Vl 25           _ V2=X1.X2.X3
P2=Pl.X3.X4.(Xl+X2)   S2=P5+P7 V3=X5+X7+X8
P3=P1.X2.X4.(X1+X3)   S3=P1+S2 V4=X5.X6.X7.X8
P4=Pl.P2.P3.Vl.V2            S4=P2+P3+S3 SO      V5=X2+X4+X5+X7
P5=V1.V7                     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+PS)                S8=P7+S1 de tfole sorte qu'en reponse A une
s6quencoe arbitraire de blocs d'entr6e de donnoes, pour la sdquence
resultante de mots de codes de sortie ledit premier nombre prfs6lectionn6
(GO) estde quatre, ledit second nombre pr6s6lectionn6 (10) eat de six, et
ledit trolsibme nombre pr6s6lectionn6 (GI) est de cinq. 9. Apparell selon
la revendication 7, comprenant un codeur pour convertir des blocs do
donnees d'entree A 8 bits X =(XI,X2, ...,X8) en mots de codes de sortie a 9
bits Y = (YI, Y2, ...,Y9), ledit codeur etant un rsseau de portes logiques
mettant.en oeuvre les relations loglques Y1 = MI.XI+ NI.XI+ RI + S1 + X4+
T1 + H Y2 = MI+X2+RI+SI+TI+H Y3 = MI.X3+ NI.X3+ R1 + S1.X4+ TI + H Y4 =
M1X4+N1X2+R1.X4+S1.(X+S2)+H Y5 = M Y= M2.X5 + N2.M   + R2X5+ S2.(i+ S41) 60
Y7 = M2.X5+ N2.X5+ R2+ S2.X+T2+ H.X3 Y8 = M2X7 + R2 + S2+T2 Y9 = M2.X8+
N2.X8+ R2 + S2.X5 + T2 + H.XI avec 55 30    Vl=Xl.X2.X3.X4.XS
M=(X2+V5).(X7+V6).(X4+X5+X2.X7).V1.V3.V4 V2=X5.X6.X7.X8
H=X2.V5.V4 V3=X4.V2                    Tl=Vl.V6           T2=V3.V5 V4-4V.
V2                  M1=i?+V5. X4.fT1 M2=M+V6.X5.T2.H V5=Xl+X3
Nl=V. V5.X4.fH  N2=WV6.X5 10      V6=X5+X6                    R1=M.iV5.X2
R24-M.V6.X7 S1=M.V-5.X2        82--l.v-5.x7 de tolle sorte qu'en r6ponse a
une s6quenco arbitraire de blocs d'entree de donnees, pour la sequence 15
resultanto de mots de codes de sortie ledit premier nombre pros6lectionne
(GO) est de quatre, ledit second nombre pres6lectionne (10) eat de quatre,
et ledit troisibme nombre pr~sdlectionn6 (GI) est de neuf 10. Apparell
selon la revendication 7, comprenant un codeur pour convertir une squencoe
de blocs de don- nees d'entree A 8 bits X = (XI, X2, ..., X8) on mots de
codes de sortie a 9 bits Y = (Y1, Y2, ..., Y9); ao           ledit codeur
etant un codeur siquentiel (f igure 6A) ayant neuf sorties pour fournir
loes neuf bits de chaque mot de code de sortie; et ayant neuf entrees, huht
d'entre oles otant connectees pour recovoir les huff bits d'un bloo de
donnees d'entr6e, etla nouvieme entree (Z) etantconnectoe a la neuvieme
sortie 



par l'intbrmedialre d'un tidment A retard (21); ledit codeur comprenant un
r6seau de portes logiques mettant on oouvre les relations logiques Y1V
S2X31 + P4X4+ P5.(X1 I 3)+ P6X6 4 P7X1 + 85X515 P10.38+ S6.2 Y2 = 82(X2 +
P5.X2 + PO.N+ P7.X3+ S5.V21 + P10X4 + S6! Y3  S2X3 + P4+ P5.V12 + P6.X6+ P7
+ P9.Vff+ PIO.X3+ PI1iX5 + S6.2 Y4 = S2.X4 + P4+ P5X4+ P6X5+ PI0+ PII.V22 +
P123X4 + P13Z Y5= PI + P12.Z I P13.2 30                             Y68=
3.X+ P3+ P5 + P7.X6+ P3 + P13.X4 Y7 = S3.X6 + S8 + P6+ S5 + P13 Y8 = S4.X7+
P5.X5+ S5 + S7  PIO.X5 Y9= S4.X8+ S8X5 + P5+ P7.X8+ P1i.o- avoc 35 40 45 50
55 31    EP 0 413 07B B1                   !1! 11 Dl   !  !1 1JlJ11111
ll11111 III II il Vl=Xl+X2          V9=X5.X6                     V17=V2+X4
V2=V1+X3          V10-=X7+V9                    V18=VZ.X4 V3=X6+X7+X8
V1l=(VS+v9).(52i+Va+i5).(Vl1O+i4) V19=V3 .Vi V4=X1.X2.x3   V12=V2.V4
V20=-X2.(X3+f4) V5=X6.X7.X8   V13=V3.V5                        V21=X4+X3.X5
10      V6=X5+X7           V14=V12.V13                  V22=X4+X3.X5
V7=V6+X2+X4   V15=V8.V12 V8=X3.X4          V16=V4.V13 15      et
P1=V7.V11.V14   P8=V19.V4.V20    S1=P1+P2 P2=V14.Vll           P9=Vl9.V20
S2=S1+P3+P8 P3=V5.V15            P10=V3.V1.V17+V1a.VlO.Xa 20 S3=Sl+P4+P12 



P4=V15.V3            P11=V4.VT3            S4=S3+Pl3 P5=V5.Vi5
P12=V13.(V17.V6+V18.vlo} 26
S5=P9+Pll P6=V17.V6.V3    P13=Vl6.V9                 S6=P12+P13 P7=V7.V14
S7=P6+P7 S8=P3+P8 so de tollo sorto qu'en r6ponse une sequence arbitraire
de blocs de donneos d'entree, pour la saquence re- sultante de mots de code
de sortie ledit premier nombre pres6loctionn6 (GO) eat de quatro, lodit
second nombre preselectionn6 (10) eat de ski, et ledit trobieme nombre
pr6s6lectlonne (GI) eat de quatre. 35 11. Appareil decodeur pour convertir
dos mots deo code d'entree a 9 bits Y = (YI,Y2, ..., Y9) g6n6res par un
appareil codeur selon la revendication 8, on blocs de donn6es de sortie A 8
bits X = (XI, X2, ..., X8), ledit appareil decodour comprenant un reseau de
portos logiques mettant en oeuvre los relations logiques X1 = Q3.Y1 + 04Y9
+ T1.Y1 + T2 40                                     X2 = Q4.Y8.Y9 + TI.Y2 +
T2 X3 = Q1.Y3 + Q2 + 03.Y2 + Q4.W7 + T2 X4 = Q1.Y4 + 02 + 04 + 7 + Q8.Y4 +
Q9.Y8 + T6.Y2 X5 = Q2.(Y7 + Y) + Q3.(W8 + W9) + 04 + (Y1 + Y2) + T3.Y6 +
T5.Y7 X6 = (Q2 + T3).Y7 + Q3.1 + Q4.Y1 + Q6.W7 + Q8.Y6 + Q9.Y7 45
X7 = Q2.W8 + Q3.W9 + Q4.Y1.Q6.(Y8 + W7) + Q9.Y7 + T4.Y8 X8 = Q2.W3 + (03 +
T4).Y9 + Q4.YI + Q6.W7 + Q9.Y7 avoc 50 55 32    EP 0 413 076
B11111111111111111111 jj  1!0 W1-Y4.Y5   Q1=Y5    Tl=Ql+Q2 W2=Y4. Y5
Q2=W1.WS    T2=Q7+QS+Q9 6      W3=Y3.Y6   Q3=W1.W3    T3=Q1+Q5+Q7 W4=Y1.Y3
Q4=W2.W3    T4=Q8+T3 W5=Y1.Y5   Q5=W2.W4    T5=Q6+Q8+Q9 W6=Y1.Y5   Q6=W1.W4
T6=Q5+Q6+Q7 '10- W7=Y8+Y9   Q7=W6 .W5 . Y4 



WS=Y7.YS   Q8=W5.Y3 W9=Y7.Y9   Q9=W2+W5+Yl 15 12. Apparoil d6codeur pour
convertir des mots de codes d'entr6e A 9 bits Y = (YI, Y2,..., Y3) gen6r6s
par un appareil codeur selon la revendicatbon 9, en blocs de donnees de
sortie a 8 bits X = (XI, X2, ..., X8), ledit appareil d6codeur compronant
un r6seau de portes loglques mettant on oeuvre les rolations logiques XI=
MI.YI +NI.YI + TI H.Y9 20                                   X2= MI.Y2+
M.ST+ RI +TI X3= MI.Y+ NI.Y3+TI + H.Y7 X4= MI.Y4 + RR.I+Ti + SI.- X5 =
M2.Y6+ R2.?Y+ T2 + S2.Y71 H X6 = M2.Y7+ N2.Y7 + T2 + H 25
X7 = M2.Y8+ N2.4  + R2 + T2 + H X8 = M2.Y9+ N2.Y9 + T2+ H avec Wl=Y!..Y2.Y3
M1=Y5+W5           M2=Y5+W6 30 W2=W1.Y4           N1=M?1.Y2       N2=M2.Y8
W3=Y7.Y8.Y9    R1=M1.W1.W7 R2=-M2.W3 .W8 W4=W3.Y6           T1=M1..W1.W7
T2=-M2.W3.R2 35      W5=Y4.Y8. Y9    Sl-MlI.Y2 .Y1.Y3   S2=-M2.Y8.Y7.Y9
W6=Y6.Y2 .Y4+W4. (Y2.VT4+W2)    H-M1 .W2.Y8 W7=Y4.Y6+W4+Y6.Y8.Y7 .Yg
W8=Y6+W2+Y4.Y2.Y1.Y3 13. Apparoil d6codeur pour convertir des mots de codes
d'entr6e A 9 bits Y = (YI, Y2, ..., Y9) ghn6r6s par un apparoil codeur
selon Ia revendication 10, en blocs de donnbes de sortie A 8 bits X = (XI,
X2, ..., X8), ledit apparell d6codeur comprenant un r6seau de portes
logiques mettant en oeuvre les relations loglques 45
XI = T3.YI + T4 + Q5.Y1.WII + Q7.Y1+ Q9 X2 = (T3 + Q5).Y2 + T4 X3 = T3.Y3 +
T4 1 Q5.WII + Q7.V2 + Q9.W5 + QI0.YI X4 =(3 + Q12).Y4 + Q4.YI + Q5.f4+
Q9.W9 + QIO.Y2 + QII.Y2.Y4 + Q13.Y6 X5 = T5.Y6 + T2.Y9 + T7.Y8 + Q8.Y4 +
T6.YI + Q13 SD                           X6=T5.Y71T8+ Q6.Y3+ Q7.Y6+
Q1O.Y9+-Q13 X7 = T9.Y8 + T8 + Q10.Y9 X8= T9.Y9 + TS + Q6.Y1 + Q7.Y9 avec 55
33 



t ~~~c    L    M W1=Yl.Y2.Y3  Ql=Y5.Wl      T1=Q1+Q2 W2=Y5.W1
Q2=WlO.Y6+W6.(Y8.W12+W5.Y8) T2=Q3+Q8 W3=Y6.Y7     Q3=W2.Y8.W3.W4.W12
T3=T1+T2 W4=Y3.Y4     Q4=Y5.Y2.W4.W3 10
T4=Q4+Q11+Q13 W5=Y2.Y3     Q5=W2.Y7.W4.W13 T5=T1+Q4+Q12 W6=Y4.W3
Q6=Y5.W8. (Y4.Y2.Y3+YI.W9) T6=Q9+Qll W7=Y7.Y6     Q7=W2.Y4Y7.W13 T7=Q5+Q1O
W8=Y8.W7     Q8=W2.W12.Y8.W7.W5 T8=Q3+Q5 W9=Y2.Y3     Q9=W2.Y4.Y8.W3 25
T9=T5+Q13 W1O=Yl.Y2.W4 Q10-Y5.Y6.Y7.(Y3.Y4+W1O) Wll=Y2+Y3
Q11-Y5.W8.(Y1.Y2.Y3+Y1.Y3.Y4) W12-Wll+Yl   Q12--Y5.W1 W13=Y6.Y9
Q13=Y5.W12+Y5.W1 W14=Y4+Y6 W15=Y3+Y7 35           W16=W14+Y8 W17=W1+Y4 40
46 50 34    


