
EP 0 133 480 B1 Description Present invention is concerned with the
decoding of a binary symbol sequence [ERR] which appears at the output of a
channel in modified form. In particular the invention is concerned with
maximum-likelihood 5  sequence estimation (MLSE) decoding of such a
sequence which is received from communication channel or recording device
whose intersymbol interference is of a partial-response class described by
one of three polynomials 1 + d 1-d, or[err]. Major application areas are
PCM transmission and magnetic recording. Partial-response signaling allows
a better handling of intersymbol Interference and allows a more efficient
utilization of the bandwith of a given channel. In partial-response (PR)
systems a controlled amount 10  of intersymbol interference can be allowed.
As the intersymbol interference then is known, the receiver can take It
into account. PR signaling in communications allows transmissions at the
Nyquist rate, and provides an attractive trade-off between error
probability and the available spectrum. The partial-response systems
described by the polynomials 1 +d, 1-d, and 1-d2 are also called duobinary,
dicode, and class-IV, respectively. 15     Maximum-likelihood sequence
estimation, in particular the Viterbl algorithm, Is an effective tool In
receivers for improving the detection of symbol sequences in the presence
of intersymbol interference. It was described e.g. in the articles by G.D.
Forney "The Viterbi Algorithm", Proceedings of the IEEE, Vol. 61, No. 3,
March 1973, pp. 268-278, and by G. Ungerb6ck "Adaptive maximum-likelihood
receiver for carrier- modulated data-transmission systems", IEEE
Transactions on Communications, Vol. COM-22, No. 5, May 20  1974, pp.
624-636. These articles also show some basic form of MLSE receivers or
portions thereof. The utilization of MLSE or Viterbi Algorithm in
connection with partial-response signaling systems was already suggested by
a publication of H. Kobayashi "Application of probabilistic decoding to
digital magnetic recording systems", IBM Journal of Research and
Development, Vol. 15, No. 1, January 1971, pp. 64-74. 26     The problem of
maximum-likelihood sequence estimation can be stated as follows. Given a
received sequence [err], where n is an Integer time index, choose from
among all possible transmitted sequences [err] the one which is most likely
to cause [err] to be received, i.e. choose [err] to maximize[err]. The
symbols of [err] are not detected independently of one another, rather they
are detected "in context". Maximum likelihood sequence estimation can be
done efficiently using the Viterbi algorithm, a form of 30  dynamic
programming. The Viterbi algorithm maintains a set of "survivor" sequences
and a metric for each indicating the likelihood of that sequence. One
property of these metrics is that their absolute values can grow without
bound. It is assumed that the channel synchronously transmits or records a
sequence of binary symbols [err] [err] with n being an integer symbol time
index. The output signal is filtered and sampled so as 35  to obtain values
[err] with intersymbol interference of a partial-response class described
by one of the three polynomials 1 +d, 1-d, and [err]. A general description
of partial-response signaling is given by P. Kabal et al. in "Partial
Response Signaling", IEEE Transactions on Communications, Vol. COM-23, No.
9, September 1975, pp. 921-934. The meaning of the above polynomials is
that the output sample [err]is obtained by multiplying the input sample
[err] by the polynomial and adding noise. The symbol d is the delay
operator: 40  [err] For example, 1-d: [err] where [err] is the noise
sample. It is an object of present invention to devise a method and
apparatus for reliably decoding a signal representing a sequence of
time-discrete binary symbols received from a transmission channel or read
in a recording device, which allow to reduce the necessary circuitry to a
minimum and enable operation at high speed. it is a further object to
generate tentative decisions with a minimum delay with respect to the time
at 45  which the signal representing the symbol Is presented to the
receiver. The Invention for achieving the desired improvements is defined
in the claims. The foregoing objects are satisfied in that the Invention
uses only two survivor sequences, and only the difference between the two
metrics associated-with these survivor sequences is computed and stored. 



Simplicity and efficiency results because less computing and storage
resources are required to process the 50  one difference metric that would
have been required to process the two path metrics, and the difference
metric cannot grow without bound as the path metrics can. Reliability
results from the fact that the detected sequence is chosen by
maximum-likelihood sequence estimation. It is the one most likely to cause
the observed sequence of sampled values at the receiver. In the case of
[err] channel, interleaving and pipelining contribute to simplicity and
speed of operation. The difference metric provides a convenient 55  means
of generating tentative decisions with very little delay. A limiter
decision circuit can be used to facilitate the calculation of the
difference metric and the survivor sequences. The method steps include (a)
partitioning the sample values [err] into two separate sequences having
even and odd time indices n, respectively, If class-IV partial-response
[err] is being used. In this case, the 3    EP 0 133 480 B1 remaining steps
are applied to the even and odd sequences independently of each other. As
each sample [err] is received, the operations performed include (b)
recursively determining the new pair of survivor sequences and the new
difference metric, and (c) producing tentative decisions and final
decisions based on the stored survivor sequences and the sign of the
difference metric. 5     Embodiments of the invention are described in the
following with reference to the drawings. The drawings show: Fig. 1
schematic survey of a transmission/recording system which is the
environment for present invention, Fig. 2   impulse responses and
transmission spectra of channels and filters in the system of Fig. 1, 10
Fig. 3   a schematic representation of the separate handling of interleaved
sequences in the decoder, Fig. 4   trellis diagrams for consecutive states
of the survivor sequences in the decoder, Fig. 5   block diagram of a first
embodiment comprising circuitry for determining pairs of survivor metrics
for two interleaved dicode sequences, Fig. 6   block diagram of a second
embodiment comprising circuitry for determining survivor metric 15
differences in a whitened matched filter receiver, Fig. 7   block diagram
of a third embodiment comprising circuitry for determining survivor metric
differences in a matched filter receiver, Fig. 8   block diagram of a
limiter-decision unit for the circuitry of Figs. 6 and 7, Fig. 9   block
diagram of the shift register and selection circuitry for storage and
updating of survivor 20            sequences. GENERAL FACTS AND THEORETICAL
BACKGROUND Partial-response signaling Is a technique which enforces
spectral properties by allowing a controlled 25 amount of Intersymbol
interference. A survey of partial-response signaling is given in the above
mentioned article by P. Kabal et al. With maximum-likelihood sequence
estimation (MLSE), most partial-response schemes perform practically as
well as a system without intersymbol Interference, cf. the above-mentioned
article by H. Kobayashi: "Application of probabilistic decoding to digital
magnetic recording sys- tems".Hence, no penalty has to be paid for the
benefit of spectrum shaping, except for the higher 30  complexity of the
MLSE decoding hardware which performs the Viterbi decoding process.
Partial-response "class-lV" (PR-IV) signaling leads to spectral nulls at DC
and at half of the signaling rate. PR-IV Is therefore well suited for
channels with baseband-like characteristics, which do not transmit DC.
Magnetic recording channels are of this type and PR-IV is therefore
regarded as a promising technique to achieve higher storage density in
digital magnetic recording systems. 35    In the following, first the
theory of MLSE for PR-IV signaling Is reviewed. 



In the next section, two types of MLSE receivers with identical performance
are discussed, called the whitened-matched filter (WMF) version and the
matched filter (MF) version. They differ in the receiver filters used
before sampling the received signal at signaling rate, and in the
computation of survivor metrics in the Viterbi decoding process. 40    In
another section explaining basic invention features, it is shown that PR-IV
sequences can be viewed as two "dicode" sequences which are interleaved,
and that each dicode sequence can be decoded independently. For binary
systems, as in saturation recording, the state-transition diagram of each
dicode scheme exhibits then only two states. Instead of two survivor
metrics it is possible to compute only one difference survivor metric. 46
In a further section, embodiments are disclosed which are digital
implementations of Viterbi decoders utilizing pipelined handling of
Interleaved PR-IV sequences, some of them using difference survivor
metrics. Simplicity and capability for operation at high speed is achieved
by decoding the two dicode sequences in an interleaved and pipelined
fashion. A dicode decoder is the same as the partial-response class-IV
decoder with the interleaving and pipelining removed. A duobinary decoder
is similar to a dicode decoder 50  with the signs of certain quantities
changed. The discussion focuses on the partial-response class-IV decoder.
The changes necessary for the dicode and duobinary cases are given at the
end of each section. Survey of Transmission System: 66     Fig. 1 is a
schematic representation of a transmission system in which present
invention finds application. A sequence of binary values [err]istransmitted
at rate 1/T through a channel 11. White noise w(t) Is added during
transmission. x(t) is the resulting continuous input signal of the
receiver. 4    EP 0 133 480 B1 It should be noted that channel 11 can also
be a magnetic recording device, that the white noise w(t)is added during
recording and reading, and that x(t) is the output signal of a magnetic
reading transducer. Signal x(t) Is applied to a receiver filter 13. For the
present case, this may be either a Whitened Matched Filter WMF, or a
Matched Filter MF, as will be explained later. 5     The filter output Is a
continuous signal y(t) or z(t), depending on the type of filter. The filter
output signal Is sampled at regular intervals T by sampling means 15. The
result is a sequence of time-discrete samples [err] respectively. These
samples are furnished to a Viterbi decoder 17 in which they are used in a
maximum likelihood sequence estimation (MLSE) process to obtain binary
output values [err] with a given delay. Viterbi decoder 10  17 essentially
comprises a section 19 for survivor metric determination and tentative
selection of binary output values, and a section 20 for storage and
updating of survivor sequences which allows final selection of the binary
output values. Present invention is concerned with the means for MLSE
decoding contained in Viterbi decoder 17. In the sequel, some theorectical
explanations will be given prior to the detailed description of the 15
invention and the selected embodiments. PR-IV Signaling: As shown in Fig.
1, PR-IV signaling results from sending a data sequence [err] at the rate
1/T through a 20  channel whose response to an isolated input [err] is
given by 25         [err] [err] In the frequency domain, this corresponds
to the channel transfer characteristics 30 



otherwise.                                     (2) 35 At the output of the
channel the received signal becomes 40         [err]
(3) 46     where w(t) is assumed to be additive wide-band white noise. The
above description of a PR-IV transmission system applies as well to a
magnetic recording system where in the case of saturation recording the
data amplitudes are binary: [err]= 1. Only a modest amount of equalization
is required to shape the actual read signal Into the form described by
(1)and (3). In practice this equalization can be regarded as being combined
with the further filtering required prior to signal sampling and detection.
so     The function h(t) is shown in Fig. 2(a). The transmission
characteristic of the channel is depicted in Fig. 2(c). TWO MLSE RECEIVER
VERSIONS 55     Two receiver versions for PR-IV signals are described. They
are equivalent In that both perform true maximum-likelyhood sequence
estimation (MLSE). As mentioned above already, they differ in the receiver
filters used. The whitened-matched-filter (WMF) version. is more commonly
known. In the particular case of the 5    EP 0133 480 B1 signal being given
by (3), the WMF to be used as a receiver filter is just an ideal low-pass
filter with cut-off frequency 1/2T. its transmission characteristic Is
shown In Fig. 2(d). The output of this filter is given by 5         [err] k
10 where h(t) was defined by (1) and has a shape as shown in Fig. 2(a), and
r(t) denotes white noise band- limited to 1/2T. For the matched-filter (MF)
version, the receiver filter is matched to the channel characteristic given
by (2) i.e., it has a characteristic as shown in Fig. 2(c). Thus, if
causality is ignored, the receiver filter exhibits the transfer function 15
[err]      otherwise. 20 The overall response of the channel and MF to an
isolated input [err]= + 1 is then given by 26 [err] 30    and the signal
observed at the output of the MF becomes [err] The noise p(t) is
band-limited to 1/2T and correlated. The function s(t) is shown in Fig.
2(b). 40     Sampling the outputs of the WMF and the MF at times nT, leads,
respectively, to the sampled signals [err] 45 The last equality In (9)
expresses the fact that the MF output samples could also be obtained by
digital filtering of the WMF output signals. In the WMF case, the noise
samples [err] are uncorrelated. The most-likely transmitted sequence
[err]is 50  the binary sequence [err]  1 which minimizes [err] 55
(10) 



[err] designates here an undetermined value. It may be either + 1 or -1.
The most likely sequence [err]) for a 6    EP 0133 480 B1 given sequence of
received samples (Yk) is the one which when substituted for the [err] in
equation (10) yields the minimum sum 5
[err] The squared terms of the right-hand side of (10) are identical for
all sequences [err]. Hence minimization of (10) is equivalent to maximizing
the cost function 10 k 15 For the MF case an equivalent cost function is
obtained by replacing in the term [err] of (11) the index k by k + 2, which
does not change the result of the summation. Replacing then from (9) [err]
leads to 20 [err] k 25 In the sequel, the following notation is used for
the cost function: 30
(13) [err] where the auxiliary function [err]is defined as 35 [err] 40
[err]                         (15) The sequence which maximizes J is
determined by the Viterbi decoding alogrithm. 45 BASIS OF INVENTION
Interleaving of Sub-Sequences (Dicode. Sequences): so     The cost function
J can be rewritten as [err] Hence its maximization can be carried out
separately for JE with respect to [er]r k even), and for JO 7    EP 0 133
480 B1 with respect to [err] odd). As illustrated in Fig. 3, this point of
view corresponds to treating PR-IV sequences characterized by the
polynomial [err] where d refers to a delay T, as two Independent
interleaved "dicode" partial-response sequences with polynomial 1-d, where
d refers to a delay of 2T. (For an explanation of dicode sequences 6  cf.
above-mentioned article by P. Kabal et al.: "Partial-response signaling").
A Viterbi decoder operating In an interleaved fashion on the two dicode
schemes requires for each scheme only two states. Viterbi Decoding of
Interleaved Dicode Sequences: 10     The Viterbi algorithm is now developed
as it applies to one of the two interleaved dicode systems. 



Hence, in the following derivation indices are either even or odd. A
general description of the Viterbi algorithm is given In the
above-mentioned article by G. Forney: "The Viterbi algorithm", and In a
publication by J.F. Hayes: "The Viterbi algorithm applied to digital data
transmission", Communication Society Magazine, Vol. 13. March 1975, pp.
15-20. 15     The Viterbi algorithm for one dicode system Is Illustrated in
Fig. 4. It determines in a two-state trellis diagram the sequence [err]
which maximizes JE or JO as given by (13). This Is accomplished by
recursively computing for each time n two "survivor metrics" 20 [err] 25
which represent the maximum cost up to time n, for an hypothesized last
symbol [err]   +1 and -1, respectively. The optimum sequences resulting
from (17) are called the "survivor sequences", denoted by 30       [err]
The survivor metrics and associated survivor sequences are extended by the
recursion 36 40 [err] 45 where [err] is the value of [err]which maximizes
the right-hand side of (19). The recursion of survivor metrics for the WMF
and MF version are explicitely given below. WMF version: 50 [err] [err] 55
MF version: [err] 8    EP 0133 480 B1 [err] Using Difference of Survivor
Metrics: 6     The Viterbi decoding process for binary dicode sequences can
be significantly simplified by consider- ing not the pairs of explicit
survivor metrics but only the difference between the survivor metrics,
i.e., [err] 10 From Fig. 4, it can be seen that four possible extensions of
the survivor sequences are to be considered: 15       (a) [err] [err] (26)
[err] [err] The corresponding path selections are indicated on the right.
Considering the above four cases, and observing (21) - (25), allows the
determination of the following 3o recursions for the difference survivor
metrics: WMF Version: 



35                    [err] 0 0 40 MF version: 45 [err] [err] 55     The
conditions in the above recursions reveal that extension (d) can never
occur. The non-occurence of this extension can be seen In Fig. 4. The
theoretical background for the dicode (1-d) and the duobinary (1 + d)
systems is similar to that given in equations (1)-(28). The following
summarizes the differences and gives the final results. The equations
corresponding to (27) and (28) are directed to the dicode and 9    EP O 133
480 B1 duobinary cases. The processing of samples from a dicode channel is
the same as the processing of the even (or odd) subsequence described for
partial-response class-IV. The dicode versions of equations (8) through
(28) are obtained by changing all occurrences of time Indices n + 2, k + 2,
n-2, and k-2, n + 1, k +1, n-1, and k-1, 5  respectively. Splitting into
even and odd subsequences as described by equation (16) Is omitted. The
recursions for the survivor metrics corresponding to equations (27) and
(28) are: WMF Dicode Version: 10                  [err]
(a) DJ   = 15                [err] ME Dicode Version: 20
[err] 25     The duobinary versions of equations (8) through (28) can be
obtained from the dicode versions by changing the signs of certain terms.
For example, (8) and (9) become: [err] [err] 30 The recursions for the
difference survivor metrics for duobinary are: 35     WMF Duobinary
Version:                                                      (27b) 40
[err] ME Duobinary  Version: (a) [err] [err] EMBODIMENTS OF MLSE DECODERS
55 In the following section, embodiments of the Viterbi decoder or MLSE
decoder 17 which incorporate the invention are described. As shown
generally In Fig. 1, the Viterbi decoder consists of a first section 19 for
determining survivor metrics and for obtaining intermediate and tentative
values for the receiver output 10  



EP 0133 480 B1 signal, and a second section 21 for storing and updating the
survivor sequences furnished by section 19, and for making the final
selection of output values. Three embodiments are disclosed for Section 19,
in connection with Figs. 5, 6, and 7. A suitable implementation of a
limiter-decision.circuit used in the second and third embodiment will be
disclosed with 5  reference to Fig. 8. Finally, one Implementation of
section 21 Is explained and shown in Fig. 9. Each of these embodiments is
described first for the partial-response class-IV channel. The
modifications necessary to convert them to dicode and duobinary are
described at the end. It should be noted that the digital circuitry
discussed in the following generates binary output quantities which assume
either value 0 or 1, and are therefore designated as [err]. In the previous
discussion. 10 the signal elements were amplitudes which assume either
value + 1 or -1, and they were designated as "an" or [err]. The transition
from one form to the other is formally given below In equations (29) and
(30). First Embodiment - Circuitry for Determining Two Survivor Metrics: 15
In Fig. 5, an embodiment of section 19 of the Viterbi decoder is shown
which determines two survivor metrics for the two states of the decoder,
and which furnishes intermediate values [err] and a tentative output value
[err]for further handling in section 21. This circuitry is suited for both,
the WMF case and the MF case and implements the function given in equation
(19). 20    It comprises V unit 25 which computes for an applied input
value [err] the value of auxiliary function [err] according to either
equation (14) or (15). Values [err]which are assumed received amplitude
values, can both be + 1 as well as -1 so that V unit 25 for each input
value furnishes four output values which are stored in clocked registers
27, 29, 31, and 33. These [err] values can be considered metric increments
because they have to be added to the survivor metrics previously
accumulated. 26     Four adders 35, 37, 39, and 41 are provided for adding
the contents of registers 27 ... 33, i.e. the four previously stored values
of [err] and two previously determined metric values [err] as required by
equation (19). The results are stored in clocked registers 43, 45, 47, and
49 respectively. For determining the maximum value for each pair of
register contents, two subtractors 51 and 53 are provided. They determine
the sign bit of the difference of the respective pair of values, and
furnish these as binary values b [err] and 30 [err] to two flipflop
circuits 55 and 57. Previously stored contents of these two flipflops
represent the two intermediate values [err] which are furnished on lines 59
and 61 as output values of section 19. The formal relationship between
decoded values [err]   and the actual binary output values [err] is as
follows: 35 [err]
(29) [err] With the aid of multiplexers or gating circuits 63 and 65, the
sign bits available at the outputs of subtractors 51 and 53 select the
maximum of each pair of values stored in registers 43/45 and 47/49, 45
respectively and furnish the resulting two values as metric values [err]to
clocked registers 67 and 69. The previously stored values in these
registers[err]are on one hand furnished to adders 35...41 as was previously
mentioned. On the other hand, they are furnished to a subtractor 71 which
on its output delivers the sign bit of the difference [err]. This sign bit
is complemented in inverter cirucit 73 and the result is transferred as
binary value [err] to flipflop circuit 75. The previously stored so
contents of this flipflop represents the tentative decoder output value
[err] which is furnished on line 79 as the third output value of section
19. The formal relationship between survivor metrics [err] and the
tentative binary output values [err] is as 



follows: 55    EP 0133 480 B1 (30) [err]  otherwise. It should be noted
that the survivor metrics are not normalized but are allowed to wrap around
the 10  maximum values In their two's complement representation. With a
sufficient word length, the add and subtract operations will still produce
correct results. At the bottom of Fig. 5, boxes with Indices are shown
which Illustrate the fact that the circuitry has separate stages. Each of
the double vertical lines Indicates where the circuitry comprises storage
units that separate stages. At any time, each section contains only values
either with even Indices or with odd Indices. is  At each clock time, the
whole contents is shifted from one stage to the next for further
processing, but no mixing between odd and even Indexed values occurs. This
shows that in the whole cirucitry, two sub-sequences with odd and even
indices, respectively, are handled completely separately as Indicated In
Fig. 3, but In an interleaved and pipelined manner. Nevertheless, the
sequence of input values and the sequence of output values are continuous,
i.e. they 20  need not be expressly separated into two sub-sequences
because this splitting occurs automatically within the circuit of Fig. 4
due to the separation of stages by clocked storage units, and due to
suitable feedback between stages. Second Embodiment - Circuitry Determining
Difference Survivor Metric for WMF Version: 25 Fig. 6 shows an embodiment
of section 19 of the Viterbi decoder which does not explicitly determine
the two survivor metrics but only their difference. This second embodiment
is suited for the WMF (whitened matched filter) version of the receiver
i.e. the version producing receiver samples [err] (equation 8). The
circuitry implements equation (27). 30     The quantity shown next to each
line in Fig. 6 indicates the number of bits transferred on that line In
parallel. In the absence of noise, the samples [err] can assume three
possible values, i.e. levels -2, 0, +2 (see equation 8). Thus, if the range
[err] should be covered, and intervals between adjacent levels are divided
Into [err] sublevels, L + 2 bits are required to represent [err] in a two's
complement representation. For soft decoding, the value for L should be
chosen between 2 and 4. 35     An important portion of the circuitry of
Fig. 6 is the limiter-decision unit 81. With the aid of this unit,
intermediate values [err] and [err](as defined in equation 29) are obtained
with shorter processing delay. Limiter-decision unit 81 generates from an
input sample [err] an output sample Qk and intermediate values b k and
[err] in accordance with the following rule: 40  (a)  [err] (b)   [err] (c)
[err] Limiter-decision unit 81 can be implemented either as a read-only
store (ROS), as a programmable 45  logic array (PLA), or by discrete logic.
An example is shown In Fig. 8 and will be explained later. Referring again
to Fig. 6, an input value [err] is stored in clocked register 83 and also
furnished to one input of subtractor 85. The other input of subtractor 85
receives a previously obtained survivor metric difference value [err] which
is stored in clocked register 87. The output of subtractor 85 is sample
[err] which indicates in which of three regions the difference falls, i.e.
whether the first, second, or third condition 50  of equations (27) and
(31) applies. The output value [err] of limiter-decision unit 81 is stored
in a clocked register 89. Contents of registers 83 and 89 are added in
adder 91 to obtain a new survivor metric 



difference value [err] in accordance with equation (27), which is then
stored. in register 87. Limiter-decision unit 81 also furnishes the two
binary intermediate values [err] which are stored in flipflop 93 and 95,
respectively. Previously stored binary intermediate values [err] are 55
available on output lines 59a and 61 a, which also constitute two of the
outputs of the whole circuitry of Fig. 6 One output line of adder 91, i.e.
the one carrying the sign bit, is connected to an inverter 97 which
complements the sign of [err]. This complement is the tentative output
value [err] which is stored in flipflop 12    EP 0 133 480 B1 99. The
previously stored tentative output value [err] is available on line 79a
which constitutes the third output of the whole circuitry. Similar as for
Fig. 5, also at the bottom of Fig. 6 boxes with Indices are shown. These
boxes Indicating separate stages and intermediate clocked storage units
also Illustrate the interleaved and pipelined handling 5  of two sequences
of alternating samples. A comparison between Fig. 5 and Fig. 6 reveals that
less stages are required for the circuitry of Fig. 6, thus it has less
delay and needs less hardware. Third Embodiment - Circuitry Determining
Difference Survivor Metrics for MF Version: 10     A third embodiment of
section 19 of the Viterbl decoder is illustrated in Fig. 7. It also
directly determines the survivor metric difference value [err]. The third
embodiment is suited for the MF (matched filter) version of the receiver,
I.e. it operates with receiver samples [err] as defined in equation (9),
and It implements equation (28). In the MF case, sample values [err] assume
(without noise) the five levels -4, -2, 0, + 2, + 4 in accordance 15 with
equation (9). Thus, assuming again [err] sublevels, L + 3 bits are needed
to represent [err] in the range [err]. The circuitry of Fig. 7 comprises
the same limiter-decision unit as the circuitry of Fig. 6. Here, this unit
has reference number 81 a (detailed embodiment shown in Fig. 8). The output
sample [err] of unit 81a is stored in clocked register 101. Adder 103 is
provided to combine the previous sample [err] from register 20  101 and the
input value [err] to obtain a new survivor metric difference value [err]
which is to be stored in clocked register 105. The previous survivor metric
difference[err] is furnished from register 105 directly to the input of
limiter-decision unit 81 as sample [err]. Two outputs of limiter-decision
unit 81 furnish the binary intermediate values [err] which are stored in
filpflop 107 and 109, respectively. 25     Contents of these flipflops are
furnished as intermediate values [err] on output lines 59b and 61 b,
respectively. The sign bit output line of adder 103 is connected to
inverter 111 which complements the sign of [err] and furnishes tentative
output value [err]. The latter is stored in flipflop 113. The previously
stored binary value [err] is furnished from flipflop 113 to output line
79b. The output lines 59b, 61b, and 79b are connected to the inputs of the
survivor sequence storage and updating section 21 shown In Fig. 9, as will
3o  be explained later. The blocks at the bottom of Fig. 7 with indices
inserted Illustrate also for this case the different stages of the
circuitry separated by clocked storage units, which enable the pipelined
and interleaved processing of the two dicode sub-sequences. A comparison of
Figs. 5, 6, and 7 immediately reveals that among the three
metric-computation 36  schemes presented, the MF version with difference
metric calculation (Fig. 7) offers the lowest circuit complexity,
capability of operation at highest signaling rate (from a circuit delay
consideration), and shortest delay in producing binary decision values.
Another advantage of the second and third embodiments over the first is
that the difference metric is 



automatically normalized. Equations (27) and (28) show that it does not
accumulate as the individual 40  survivor metrics do. There is no need to
provide extra word length to allow for wrap around. Limiter-Decision Unit:
Fig. 8 shows an embodiment of limiter-decision unit 81/81a for the case L=4
comprising discrete logic 46  circuits. As mentioned previously, this unit
implements equation (31). it has eight inputs for the eight bits of a
sample Pk which is presented in binary two's complement notation (most
significant bit Pk,4 in the position having value [err], least significant
bit [err] in the position having value [err]. Similarly, five outputs are
provided for the five bits of a sample Qk In binary two's complement
notation [err]is most, significant bit in position having value [err]is
least significant bit in so  position having value 2-3). Furthermore, two
outputs for binary intermediate values b k and[err] are provided. The five
input lines for the most significant bits of Pk (integer portion) are
connected to the inputs of a first NOR circuit 115 and also through a group
of inverters 117 to the inputs of a second NOR circuit 119. The three Input
lines for the least significant digits of Pk (fractional portion) are
connected through a group 66  of inverters 121 to the inputs of a NAND
circuit 123 and to the inputs of a group of three NOR circuits 125. The
outputs of NOR circuits 115 and 119 are combined in a NOR circuit 127, and
the outputs of NOR circuit 119 and NAND circuit 123 are combined in a NAND
circuit 129. The two output lines for the most significant digits of Qk
(integer portion) are connected directly to the 13    EP 0.133 480 B1 most
significant Input line of [err] and through an inverter 131 to the output
of NOR circuit 115, respectively. The three output lines for the least
significant bits of [err] (fractional portion) are connected to the outputs
of the three NOR circuits 125 whose second inputs are connected to the
output of NOR gate 127. The output line for the first binary intermediate
value [err] is connected through a NAND circuit 133 5  directly to the
output of NAND circuit 129 and to the input line of the most significant
[err] bit, and the output line for the second binary intermediate value
[err] is connected through a NOR circuit 135 directly to the output of NOR
circuit 115 and also to the input line of the most significant [err] bit.
Circuitry for Storage and Updating of Survivor Sequences: 10 Details of
section 21 of the Viterbi decoder 17, for the storage and updating of
survivor sequences are shown in Fig. 9. It consists essentially of two
shift registers 137 and 139 each comprising 2m-1 flipflop stages arranged
in sequence, Every second flipflop is connected to Its successor through a
multiplexer or gating circuit that allows to selectively transfer to the
successor flipflop either the bit from the preceading is  flipflop stage of
the same shift register or the bit from the corresponding flipflop stage of
the other shift register. The control inputs of all multiplexers/gating
circuits of one shift register are commonly connected to the input of the
respective shift register, i.e. the binary value of the bit just Inserted
into the first stage of a shift register also determines the selections
made by all multiplexers/gating circuits of the respective shift register.
20     The output flipflop stages of both shift registers are connected to
an additional multiplexer/gating circuit 141 which is controlled by a
binary signal on selection control line 143. The output value of
multiplexer/gating circuit 141 Is stored in a final flipflop stage 145
having output line 147 for finally selected output bits [err]. As shown in
Fig. 9, inputs of the two shift registers 137 and 139 are connected to the
two Intermediate 25  value outputs [err] of section 19, i.e. output lines
59/59a/59b and 61/61a/61b of Figs. 5 or 6 or 7, respectively. Selection
control line 143 is connected to the tentative output value line [err] of
section 19, 



i.e. output line 79/79a/79b of Figs. 5 or 6 or 7, respectively. Operation
is as follows: The two shift registers store the two binary sequences which
have the highest probability of being similar to the transmitted sequence
[err] . Each sampling time two new intermediate 30  values [err]appear
which are inserted into the two shift register inputs and control the
multiplexer selections during shifting of the two shift registers, thereby
updating the stored survivor sequences and thus improving their likelihood
with respect to the actually transmitted sequence of binary values [err] .
Of the two oldest bits leaving the shift registers, only one Is selected
each sampling time by the newest tentative output value [err] appearing at
the output of section 19 and thus on selection control line 143. 35     The
finally selected bits are furnished sequentially on line 147 which Is the
output line of the whole Viterbi decoder 17. Section 21 shown in Fig. 9 has
an additional portion 149 for providing a sequence of tentative output
values which are required for timing recovery and gain control in the
receiver. This section comprises en additional group of 2m-1 flipflops,
each corresponding to one flipflop stage in the two shift registers 137 and
40  139 (except the last stage). The flipflops are arranged in pairs as
shown, and the input of each pair (except the first one) is connected to a
multiplexer/gating circuit whose two inputs are connected to the output of
an associated flipflop stage in the first (137) and second (139) shift
register, respectively. The control inputs of all multiplexers in portion
149 as well as the input to the first pair of flipflops are connected to
control line 149, i.e. to output line 79 (or 79a, 79b) of survivor metric
section 19. Thus, the 45  outputs of all flipflops in portion 149 together
with the output of flipflop 145 deliver, at each sampling time, a sequence
of tentative output values [err]which is not equal but already very similar
to the final output sequence appearing sequentially on line 147. It is
available, however, much earlier than the final output sequence and thus
much more useful for timing and gain control required at the input of the
receiver. 50     As was mentioned earlier, indices j and J-1 at the inputs
of Fig. 9 correspond to indices n-4 and n-5 at the outputs of Fig. 5, to
indices n-2 and n-3 at the outputs of Fig. 6, and to indices n-1 and n-2 at
the outputs of Fig. 7, respectively. Thus, in Fig. 9, the index j can be
replaced by n-4, n-2, or n-1, depending on whether the binary decision
values [err] originate from the circuitry of Fig. 5, Fig. 6, or Fig. 7,
respectively. 65     If circuit delay permits, the single-bit registers
(flipflops) 55/57/75, 93/95/99, and 107, 109, 113 which in Figs. 5, 6 and 7
buffer the output values can be omitted, thus reducing processing delay by
one signaling period. Similar simplifications are also possible in
connection with deriving tentative decisions from portion 149 and the final
decision, if circuit delay is not critical in the further operations
performed with these 14    EP 0 133 480 B1 signals. Embodiments for Dicode
and Duobinary Channels 5     The partial-response class-IV embodiments
described above can be converted to dicode embodiments by removing the
registers and flipflops used for Interleaving and pipelining. Removing a
register or flipflop means deleting It from the circuit and connecting Its
Inputs directly to their corresponding outputs. The elements to be removed
are 43, 45, 47, and 49 in FIG. 5 with elements 83, 89 In FIG. 6, 101 In
FIG. 7 and 151, 153, 155, 157, 159, 161, 163, and 165 in FIG. 9. The dicode
embodiments can be converted to 10 duobinary embodiments by the following
modifications. The "V unit" 25 in FIG. 5 should generate an output
according to the duobinary versions of equations (14) and (15): 15 [err] 



20     Subtractor 85 in FIG. 6 should be changed to an adder, and adder 91
should be changed to a subtractor. The designations of 61a and 59a should
be Interchanged. Further, the adder in FIG. 7 should be changed to a
subtractor. The designation 61b and 59b should also be Interchanged. 26 30
36 40 45 50 55    EP0133480 B1 TABLE OF SYMBOLS USED 5
Value Range   Time Relation a= discrete amplitude b= binary c= continuous
10                               s= sampled an    transmitted value
a                S x(t)  received signal             c                c
y(t)  filtered receiver           c                c signal (WMF) z(t)
filtered receiver           c                C 20             signal (MP)
[ERR]    receiver sample value       c                s [err]    receiver
sample value       c                s [err]   assumed receiver value      a
25      [err]    final decided receiver       a output value [err]
intermediate output value b                  s 30             [err] [err]
final decided receiver      b                s output value [err]
survivor metric, cost       c                 s 35             factor [err]
difference of two sur-      c                 s vivor metrics 40      [err]
auxiliary quantity           c                s [err]   auxiliary quantity
c                s Vk    auxiliary quantity           c                s 46
h(t)  transmission characteristic (channel or filter) s(t)  transmission
characteristic (filter) T     signaling/sampling period L     defines the
number 2L of sublevels between receive 50            signal levels Claims 



55 1. A method of maximum-likelihood sequence decoding of the output signal
of a communication or recording device channel, said channel synchronously
transmitting or recording a sequence of binary symbols [err] = + 1 or -1 ,
n being an integer symbol time index, said output signal being filtered and
16    EP 0133 480 B1 sampled to obtain samples [err] with intersymbol
interference of the partial-response classes described by the polynomials 1
+ d, 1 - d, or [err] the method determining from the samples [err] the most
likely transmitted or recorded sequence of binary symbols, said method
being executable on a decoder of the type having a memory for storing
binary valued indicia of state transitions underlying said decoding 5
method, characterized by the steps of: recursively computing a difference
metric at each sampling instant, which metric represents the difference
between implicit survivor metrics, each implicit survivor metric indicating
the probability of occurrence of the binary survivor sequence obtained and
stored In the decoder memory; and 10 generating two binary symbol decisions
and using these to extend the binary survivor sequences stored In the path
memory, the sign of the difference metric determining at each sampling
instant which one of the survivor sequences currently stored in the path
memory is the more probable sequence from which the output of the decoder
is to be selected. 15 2. A method according to claim 1, for
maximum-likelihood sequence decoding of sample signals with intersymbol
interference of the partial-response class-IV type being described by
polynomial [err]. characterized In that the two sequences of even and odd
indexed samples [err] are independently decoded based upon independent
state transition diagrams with two states at each sampling instant. 20 3.
Apparatus for maximum-likelihood sequence decoding of sample sequences with
intersymbol interfer- ence of the partial-response class-IV type described
by polynomial 1-d2, said apparatus having a whitened match filter (13),
sampling means (15), and survivor sequence storage and updating means (21),
characterized by metric value determining circuitry (19; Fig. 6) which
comprises: 25        means (91) for adding a recent sample value [err] and
the range limited difference of said recent sample value [err]and a
previous difference survivor metric [err] and for delivering a new
difference survivor metric [err]; means (85) for subtracting a new sample
[err] from a recent difference survivor metric [err]; means (81) for
limiting the output of the subtracting means (85) to a range between + 1
and -1 and 30     for generating two intermediate binary decision values
[err]; means (97) connected to the output of said adding means (91) for
generating a binary output value [err] representing the sign of the new
difference survivor metric [err]. 4. Apparatus according to claim 3,
characterized In that the inputs of said adding means (91) are 36
connected through clocked registers (83, 89) to a sample input [err] and to
the output of the limiting means (81), respectively, the inputs of said
substracting means (85) are connected to said sample input (Yn) and,
through a clocked register (87), to the output of said adding means,
respectively, so that output values can be generated for even and odd
indexed sample values independently in a pipelined process. 40 5. Apparatus
for maximum-likelihood sequence decoding of sample sequences with
Intersymbol interfer- 



ence of the partial-response class-IV type described by polynomial 1-d2,
said apparatus having a matched filter (13), sampling means (15), and
survivor sequence storage and updating means (21), characterized by metric
value determining means (19; Fig. 7) which comprises: 45         means
(103) for adding a new sample value [err] and a range limited previous
difference survivor metric [err], and for delivering a new difference
survivor metric [err]; means (81 a) for limiting the value of a recent
difference survivor metric [err]to a range between + 1 and -1 and for
generating two intermediate binary decision values [err]; and means (111)
connected to the output of said adding means (103) for generating a binary
output so     value [err] representing the sign of the new difference
survivor metric [err]. 6. Apparatus according to claim 5, characterized in
that the inputs of said adding means (103) are connected to a sample input
[err] and, through a clocket register (101), to the output of said limiting
means (81a), respectively, and said the output of said adding means (103)
is connected through a 55    clocket register (105) to the input of said
limiting means (81 a), so that output values can be generated for even and
odd indexed sample values independently In a pipelined process.
Revendications 17    EP 0 133 480 B1 1. Procede de decodage de la sequence
& probabilite maximale du signal sortant d'un canal de communication ou
d'un dispositif d'enregistroment, ledit canal transmettant ou enregistrant
de fagon synchrone une sequence de symboles binaires an = + 1 ou -1, n
etant un Indice de temps de symbole entler, ledit signal de sortie Otant
filtre et echantfllonn6 pour obtenir des 6chantlllons yn ayant une
interference entre symboles des classes a reponse partielle decrite par les
polyn8mes 1 + d, 1 - d, ou 1 - d2, le procede determinant & partir des
echantillons yn lasdquence de symboles binaires la plus probablement
transmise ou enregistrde, ledit procede pouvant Stre execute dans un
decodeur du type ayant une m~moire pour emmagasiner des indices a valeur
binalre de transistions d'6tats fondamenta- 10     les dans ledit proc6dd
de d6codage, caracterlse par les etapes de: calcul par recurrence d'une
metrique de difference & chaque Instant d'echantillonnage, laquelle
metrique represente la difference existant entre des metriques survivantes
Implicltes, chaque mdtrique survivante Implilcte Indiquant la probabillte
d'apparliton de la sdquence survivante binalre obtenue et emmagasin~e dans
la memolre du decodeur; et is        generation de deux dbcisions de
symboles binaires et utillsatfon de cellos-cl pour etendre les sequences
survivantes binaires emmagasinees dans la memoire d'acheminement, le signe
de la metrique de diffirence determinant a chaque instant d'echantillonnage
quelle est, parmi les sequences survivantes alors emmagasin~es dans la
mbmoire d'acheminement, la sequence la plus probable & 20     partir do
laquelle dolt 8tre selectlonnbe la sortie du decodeur. 2. Procede solon la
revendication 1, pour le dbcodage de la sdquence & probabilite maximale de
signaux echantillons ayant une Interfirence entre symboles du type de
classe IV d~crite par le polyn8me 1 - d2 , caractbrise en ce que les deux
sequences d'echantillons Indexes pairs et Impairs y n sont dbcodbes de
fagon inddpendante sur la base des diagrammes de transitions d'etats
independants avec deux 25     etats a chaque instant d'chantillonnage. 3
Dispositif pour le decodage de la sequence A probablite maximale de
sEquences d'Echantillons avec une interfarence entre symboles du type de
classe IV & reponse partielle ddcrite par le polyn8me 1 - d2, ledit
dispositif ayant un filtre d'adaptatioh  "blanc" (13), des moyens
d'Echantillonnage (15), et des 30     moyens d'emmagasinage et de mise a
jour des sEquences de metriques survivantes (21), caracterlse par des
circuits de determination dos valeurs des metriques (19, Fig.6) qui
comprennent: 



des moyens (91) pour additionner une valeur d'echantillon recente (Yn.1) et
la difference de gamme limitde entre ladite valeur d'echantillon reconte
(Yn1.) et une m6trique survivante de diffirence prcE6- dents (DJO),et pour
produire une nouvelle m~trique survivante de difference (DJ.1); 35
des moyens (85) pour soustralre un nouvel echantillon (Yn) d'une mdtrique
survivante de difference rdconte (DJ,.2); des moyens (81) pour limiter la
sortie des moyens de soustractlon (85) A une gamme allant de + 1 a -1 et
pour ongendror deux valeurs de d~cisions binaires Intermedialres (b n.2) et
bn.2); des moyens (97) connectes & la sortie desdIts moyens d'addition (91)
pour engendror une valewir 40     de sortle binaire (61.4) representant le
signe de la nouvelle metrique survivante de difference (DJ,.,). 4.
Dispositif solon la revendication 3, caracterise en ce quo les entrees
desdits moyens d'addition (91) sont respectivement connectees, par des
registres synchronises (83, 89) a un entree d'dchantillons (Yj) et & la
sortie des moyens de limitation (81), les entrees desdIts moyens de
soustractlon (85) sont 45     respectivement connectees a ladite entree
d'echantillons (Y.) et, par un registre synchronIse (87), A la sortie
desdits moyens d'addition, de sorte quo les valeurs de sortie puissent Otre
engendrdes Ind~pendamment comme valeurs d'Echantillons indexes paires et
Impaires, dans un proc~de A enchev~troments. 50  5. Dispositif de decodage
de la sequence & probabilite maximale des s~quences d'echantIllons ayant
une interf~rence entre symboles du type de glasse IV & r~ponse partielle
d~crlto par le polyn8me 1 - d2 ledit dispositif ayant un filtre
d'adaptation (13), des moyons d'echantillonnage (15), et des moyens
d'emmagasinage et de mise A jour de sequence survivante (21), caractdrisE
par des moyens de determination de valeurs metriques (19; fig.7) qul
comprennent: 55         des moyens (103) pour additionner une valour
d'echantillon nouvelie (zn) et une metrique survivan- to de difference
pr~cedonte, a gamme limitee (DJ42), et pour produire une nouvelle metrique
survivanto de difference (DJj); des moyens (81a) pour limiter la valeur
d'une metrique survivante de difference rdoente (DJ,.1) A 18    EP 0 133
480 B1 une gamme allant de +1 A -1 et pour engendrer deux valeurs de
decislons binaires Intermedialres (b ,,* et b-,.1); et des moyens (111)
connectes a la sortie desdits moyens dtaddition (103) pour engendrer une
valeur de sortie binaire (b0) representant le signe de la nouvelle metrique
survivante de difference (DJ,). 5 6. Dispositif selon la revendication 5,
caracterise en ce que les entrees desdits moyens d'addition (103) sont
respectivement connect~es a une entree d'6chantlilon (Zn) et, par un
registre synchronise (101), a la sortie desdits moyens de limitation (81a),
et ladite sortie desdits moyens d'addition (103) est connectee par un
registro synchronise (105) a lIentree desdits moyens de limitation (81a) de
sorte quo 10    les valeurs de sortie puissent 8tre engendr6es
ind6pendamment comme valeurs d'6chantllon indexees paires et impaires, dans
un procede A enchevatrements. PatentansprUche 15  1. Verfahren zum
Decodleren des Ausgangssignals olnes Kommunikations- oder
Aufzeichnungsgeritekan- als nach der Methode der Folge mit hochster
Wahrscheinhlchkeit, wobel der Kanal synchron esne Folge binarer Symbole a,
= + 1 oder -1 Ubertrigt oder aufzelchnet, wo n eln ganzzahliger
Symbol-Zeltindex ist, das Ausgangssignal gefiltert und abgetastet wird, um
Abtastungen Y, mit einer Zwischensymboi- Interferenz der
Teilantwort-Klassen zu erhalten, die durch die Polynome 1 +d, 1-d odor 1-d2
beschrle- 20     ben sind, das Verfahren aus den Abtastungen yn die am
wahrscheinlichsten Obertragene oder 



aufgazeichnete Folge binarer Symbole bestimmt, wobel das Verfahren auf
einem Decodierer der Art durchgafElhrt werden kann, die einen Speicher zum
Speichem binarwertiger Zeichen von Zustands0ber- gangen aufweist, welche
dem Decodierverfahren zugrundeliegen, gekennzeichnet durch die folgenden
Schritte: 25 rekursives Berechnen elner Differenzmetrik zu jedem
Abtastmoment, wobei diese Metrik die Differenz zwlschen impliziten
Oberblelbenden Metriken reprtsentlert, jode Implizite Oberbleibende Metrik
die Auftrittswahrscheinhlchkelt der .bingren Uberbleibenden Folge anzeigt,
die in dern Decodierspeicher erhalten und gespelchert ist und 30 Erzeugen
zweler bingrer Symbolentscheidungen und Verwenden derselben, urn die in dem
Pfad- Speicher gespeicherten bingren Oberblelbenden Folgen zu erweitern,
wobei das Vorzeichen der Differenzmetrik zu jedem Abtastmoment bestimmt,
welche der Dberbleibenden, augenblicklich In dem Pfad-Spelcher
gespoicherten Folgen, die wahrscheinlichere Folge Ist, aus welcher der
Ausgang des 35     Decodierers ausgewihit werden soll. 2. Verfahren nach
Anspruch 1 zum Decodieren von Probe-Signalen mit einer
Zwlschensymbol-interferenz der Teilantwort-Klasse-IV-Art, die durch ein
Polynom 1-d2 beschrieben Ist, nach der Methode der Fqjge mit h8chster
Wahrscheinlichkeit, dadurch gekennzelchnot, dall die zwei Folgen gerade und
ungerade 40     indizierter Proben yn unabhfnglg, auf der Basis
unabhingiger Zustandsibergangediagramme mit zwei Zust~nden, zu jedem
Abtastmoment decodiert werden. 3. Einrichtung zum Decodieren von
Probe-Folgen mit elner Zwischensymbol-interferenz der Teilantwort-
Klasse-lV-Art, die durch ein Polynom 1-d2 beschrieben ist, nach der Methode
der Folge mit h6chster 45     Wahrscheinlichkeit, wobel die Einrichtung ein
well ausgelegtes angepaltes Filter (13), Abtastmittel (15) und
Oberbleibende-Folge-Speicher- und Aktualisiermittel (21) aufweist,
gekennzeichnet durch eine metrikwertbestimmende Schaltung (19; Fig.6), die
aufwelst: Mittel (91) zum Addieren eines neueren Probe-Wertes (Yn.i) und
der bereichbegrenzten Differenz des s0     neueren Probe-Wertes (y,,0) und
einer vorangehenden Oberblelbende-Differenz-Metrik (DJ.4) und zum Liefern
einer neuen Oberbleibende-Differenz-Metrik (DJ,4), 4'. Mittel (85) zum
Subtrahieren einer neuen Probe (y,) von einer neyeren
Oberblelbende-Differenz-Metrik (DJ0.2), Mittel (81) zum Begrenzen des
Ausganges der Subtrahiermittel (85) auf einen Berekch zwischen +1 und -1
und zum Erzeugen zweler zwischenliegender binirer Entschoidungswerte (b ,.2
und b-n2), 19    EP 0 133 480 B1 une gamme allant de +1 a -1 et pour
engendrer deux valeurs de ddcisions binaires Intermrdiaires (b ,,  et
b-n.1); et des moyens ( 1) connect6s a la sortie desdits moyens d'addition
(103) pour engendrer une valeur de sortie binaire (6,) representant le
signe de la nouvelle metrique survivante de difference (Dj,). 5 6.
Dispositif selon la revendication 5, caract~ris6 en ce que les entrees
desdits moyens d'additlon (103) sont respectivement connectees a une entr6e
d'6chantillon (Zn) et, par un registre synchronism (101), a la sortie
desdits moyens de limitation (81a), et ladite sortie desdits moyens
d'addition (103) est connect~e par un registre synchronise (105) a l'entr6e
desdits moyens de limitation (81a) de sorte que 70     les valeurs de
sortie puissent etre engendrees Independamment comme valurs d'echantillon
Indexees 



paires et impaires, dans un procede & enchevetrements. PatentansprUche 16
1. Verfahren zum Decodleren des Ausgangssignals sines Kommunikations- oder
Aufzelchnungsgeratekan- als nach der Methode der Folge mit h8chster
Wahrscheiniichkslt, wobel der Kanal synchron sine Folge binirer Symbols a.
= + 1 oder -1 Obertrigt oder aufzeichnet, wo n eln ganzzahiiger
Symbol-Zeltndex ist, das Ausgangssignal geflltert und abgetastet wird, um
Abtastungen Yn mit elner Zwischensymboi- interferenz der
Teilantwort-Klassen zu erhalten, die durch die Polynome 1 I d, 1-d oder
1-d2 beschrle- 20     ben sind, das Verfahren aus den Abtastungen yn die am
wahrscheiniichsten Ubertragene oder aufgezeichnete Folge binirer Symbole
bestimmt, wobei das Verfahren auf sinem Decodierer der Art durchgef0hrt
werden kann, die einen Speicher zum Speichem binarwertiger Zeichen von
Zustandseber- gingen aufweist, welche dem Decodierverfahren zugrundellegen,
gekennzeichnet durch die folgenden Schritte: 26 rekursives Berechnen olner
Differenzmetrik zu jedem Abtastmoment, wobel diese-,Metrik die Differenz
zwischen impliziten Uberbleibenden Metriken reprasentiert, jede Implizite
Oberblelbende Metrik die AuftrittswahrscheinlichkeUt der biniren
Oberbleibenden Folge anzeigt, die in dem Decodierspeicher erhaiten und
gespeichert ist und 30 Erzeugen zweier binarer Symbolentscheidungen und
Verwenden derselben, um die in dem Pfad- Speicher gespeicherten bingren
Oberbleibenden Folgen zu erweitem, wobel das Vorzeichen der Differenzmetrlk
zu jedem Abtastmoment bestimmt, welche der Uberblelbenden, augenblickllch
in dem Pfad-Spelcher gespeicherten Folgen, die wahrschelnilchere Folge Ist,
aus welcher der Ausgang des 35     Decodlerers ausgewghit werden soll. 2.
Verfahren nach Anspruch 1 zum Decodleren von Probe-Signalen mit elner
Zwlschensymbol-interferenz der Teilantwort-Kiasse-lV-Art, die durch sin
Polynom 1-d2 beschrleben ist, nach der Methode der Fqlge mit hochster
Wahrscheinlichkeit, dadurch gekennzeichnet, daR die zwei Folgen gerade und
ungerade 40     indizierter Proben y. unabhfingig, auf der Basis
unabhingiger Zustands0bergangsdiagramme mit zwei Zustinden, zu jedem
Abtastmoment decodiert werden. 3. Einrichtung zum Decodieren von
Probe-Folgen mit einer Zwischensymbol-interferenz der Tellantwort-
Klasse-IV-Art, die durch sin Polynom 1-d2 beschrieben ist, nach der Methods
der Folge mit h6chster 45     Wahrscheinlichkeit, wobel die Elnrichtung sin
weiO ausgelegtes angepalites Filter (13), Abtastmittel (15) und
Oberbleibende-Folge-Spelcher- und Aktuallslermittel (21) aufweist,
gekennzeichnet durch sine metrikwertbestimmende Schaltung (19; Fig.6), die
aufwelst: Mittel (91) zum Addieren sines neueren Probe-Wertes (Yn-i) und
der bereichbegrenzten Differenz des 50     neueren Probe-Wertes (Y,.l) und
einer vorangehenden Oberbielbsnde-Differenz-Metrik (DJ,4) und zum Uefern
einer nsuen Oberblsibende-Differenz-Metrik (DJ,.1), Mittel (85) zum
Subtrahieren einer neuen Probe (y,) von einer neueren
Oberblelbende-Differenz-Metrik (DJn.2). 65 Mittel (81) zum Begrenzen des
Ausganges der Subtrahiermittel (85) auf ehien Bereich zwischen +1 und -1
und zum Erzeugen zweier zwischenliegender binirer Entscheidungswerte (b,.4
und b-24), 19    Mittel (97), die mit dem Ausgang der Addiermittel (91) zum
Erzeugen sines bindren Ausgangswertes (6n4) verbunden sind, welcher das
Vorzeichen der neuen Oberbleibende-Differenz-Metrik (DJ,.1) reprr-
sentiert. 



6  4. Einrichtung nach Anspruch 3, dadurch gekennzelchneti dall die
Eingdnge der Addiermittel (91) durch getaktete Register (83, 89) mit einem
Probe-Eingang (yn) bzw. mit dem Ausgang der Begrenzerrnittel (81) verbunden
sind, die Einglnge der SubtrahiermIttel (85) mit dem Probe-Eingang (yn)
bzw. durch sin getaktetes Register (87) mit dem Ausgang der Addiermittel
verbunden sind, sodaO Ausgangswerte fir gerade und ungerade Inclizierte
Probe-Werte unabhdngig in einem Pipeline-ProzeR erzeugt werden 10
kdnnen. 5. Elnrichtung zum Decodieren von Probe-Folgen mit einer
Zwischensymbol-interferenz der Teilantwort- Kiasse-iV-Art, die durch ein
Polynom 1-d2 beschrieben ist, nach der Methode der Folge mit hochster
Wahrscheinlichkelt, wobel die Einrichtung eln angepaf3tes Filter (13),
Abtastmittel (15) und 15     Oberbleibende-Foige-Speicher- und
Aktiviermittel (21) aufweist, gekennzelchnet durch ein metrikwertbe-
stimmendes Mittel (19; FIg.7), das aufweist: Mittel (103) zum Addieren
sines neuen Probe-Wertes (zn) und siner bereichbegrenzten vorangehenden
Oberbieibende-Differenz-Metrik (DJ,4) und zum Usfern elner neuen
Oberbieibende-Differenz-Metrik 20     (DJn). Mittel (81a) zum Begrenzen des
Wertes elner neueren Oberbleibende-Differenz-Metrik (DJ,.,) auf einen
Berelch zwischen + 1 und -1 und zum Erzeugen zweler zwlschenliegender
bindrer Entscheidungswerte (b nt1 und b-.1) und 25 Mittet (111), die mit
dem Ausgang der Addiermittel (103) zum Erzeugen eines bindren
Ausgangswertes (j) verbunden sind, welcher das Vorzeichen der neuen
Oberbleibende-Differenz-Metrik (DJQ) repr~sen- tiert. so  6. Einrichtung
nach Anspruch 5, dadurch gekennzeichnet, dal die Eingtnge der Addlermittel
(103) mit einem Probe-Eingang (zn) bzw. durch ein getaktetes Register (101)
mit dem Ausgang der Begrenzer- mittel (81a) und der Ausgang der
Addlermittel (103) durch ein getaktetes Register (105) mit dem Eingang der
Begrenzermittel (81a) verbunden sind, sodaB Ausgangswerte fUr gerade und
ungerade indizierte Probe-Werte unabhfngig In einem Pipeline-Prozefi
erzeugt werden kannen. 35 40 45 50 55 20:    


