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Summary

Many data communication channels are perturbed by “bursts” of noise separated by long
intervals of comparatively low noise level. The block code described in this paper, a
modification of the forward-acting scheme of S. Y. Tong, (1) retransmits information
which has been damaged by a noise burst in place of the parity-check digits of future
blocks. The responsibility for error detection and correction is divided between the
receiver and (via the feedback channel) the transmitter in such a way as to maximize the
defense against both noise bursts and the occasional random errors between bursts. There
is a fixed delay for decoding, in contrast to the variable buffering delay of ordinary
retransmission-request systems. As a result, storage requirements are minimized and
there is a constant throughput rate. The feedback channel can incorporate as much delay
and be as noisy as the forward channel without significantly impairing performance.
Simulation results are provided to illustrate the performance.

Introduction

A block code may be used on a digital communication system to provide protection
against random errors. If the probability of multiple errors within a single block is very
small, then a modest error correction capability will result in excellent performance. If,
however, errors tend to occur in bursts, then a block which is affected by a burst is likely
to contain more errors than can be corrected. To provide protection against error bursts,
one can either interleave blocks over a long interval or, if a feedback channel is
available, set up a repeat-request system and retransmit faulty blocks. The first solution
requires a large storage capability, (1) and the second is inefficient in correcting the
occasional random error between bursts.

An ingenious compromise has been invented by S. Y. Tong(1) for a forward-acting binary
communication system. In his proposal, the data is transmitted in an (n, k) block code,
except that the (n-k) “parity digits” of each block are actually the modulo two sum of the
parity digits and information from certain past blocks. If the past blocks have been



received correctly, that information is subtracted from the (n-k) digits of the current
block to free the parity digits and permit normal decoding. If, on the other hand, one of
the past blocks is faulty, then the current block is presumed to be error-free, and parity
bits are computed from the current received information and subtracted from the (n-k)
digits to yield the old information.

When a feedback channel is available, some of the good features of both repeat-request
and information feedback systems can be exploited. Old information need not always
appear in the parity section of the current block, but only when it really needs to be
retransmitted, thus increasing the reliability of decoding for most blocks. Also, the
transmitter does some of the error detection, allowing the receiver to concentrate on error
correction and thus reduce the number of required retransmissions on those channels for
which the error bursts are not extremely dense. Further, the new information in a current
block receives some protection regardless of whether parity bits or old information
appear in the parity section of the block. The reasonable storage requirement and
constant throughput rate which are desirable features of the forward-acting scheme are
retained in the feedback system. All of these features, as well as some undesirable ones,
will be explained in the following sections.

The Burst-Trapping Code

Consider the feedback communication system of Figure 1. Information is supplied at a
constant rate, and encoded into blocks of length n to which an f-digit “flag” is prefixed.
The flag indicates whether the block is normal or contains a retransmission. At the
receiver, decoding is performed in accordance with the flag. If the receiver is operating
in the 11normal” mode and it detects more errors than it can correct, it sends the
transmitter a repeat-request through the feedback channel. If, however, it thinks it has
corrected errors, or it is decoding in the “retransmission” mode which does not allow
error correction or detection, then it sends the transmitter a compressed version of the
received data (information feedback). The transmitter inspects the feedback, and if it
decides that a retransmission is necessary, it makes the retransmission in the appropriate
future block and sends a notification of this retransmission in the flag attached to that
block.

An example: rate 1/2 code

For an explicit description of a simple case, let n = 2k, where k is the number of new
information digits in each block. This is a rate 1/2 code, but the transmission rate is
somewhat less than 1/2 because of the additional f flag digits attached to each block.
Figure 2a pictures a “normal” block, and Figure 2b a “retransmission” block. The only
purpose of the f flag digits is to inform the receiver whether the block is normal or
contains a retransmission. In the normal block, the instruction digits are followed by k



new information and k parity digits. In the retransmission block, the k parity digits are
absent and there are instead k information digits from the block transmitted R blocks in
the past. Thus a burst of errors over R or fewer blocks can be completely corrected by
retransmissions in the same number of retransmission blocks, as indicated in Figure 2c,
provided the retransmissions are error-free. A burst longer than R blocks will perturb
retransmission blocks and cause errors, unless a retransmission scheme is being used
which is of a higher order than the one described here.

Operational sequence of the rate 1/2 system

The structure of the n = 2k system is sketched in Figure 3. A clock (not shown) reads out
k digits from the data source into the encoder, which generates an (n, k) block code. If
the output of the tracer storage indicates that no retransmission is necessary, then the flag
insertion unit generates a “normal” block flag and passes this flag and the encoder output
to the transmitter. At the receiver, this flag is routed to the flag decoder. If the number of
errors in the flag is below the error threshold of the flag decoder, and if no signal is
emerging from the R-bit tracer storage, then the receiver begins its normal decoding
procedure. In particular, a syndrome is computed in the block decoder and corrections
are made to the incoming data, unless more errors are detected than can be corrected, in
which case a detection signal is sent to the feedback data generator. The detection signal
also enters the R-bit tracer storage. The (possibly) corrected data is applied to a storage
register of length Rk, which empties into the data sink through a switch. The corrected
data is also applied to the feedback data generator. If there is no detection signal from the
block decoder, the feedback data generator produces a specified compressed version of
the data at the output of the corrector. If there is a detection signal, which means that the
receiver has detected more errors than it can correct and wishes the transmitter to make a
retransmission, the compressed data is complemented to produce a decision feedback
message. This formulation is chosen in order to maximize the distance between the
decision feedback message and a compressed version of the original transmitted data,
since this distance, if it is sufficient, will lead to a retransmission. It is essential that a
few errors in the original data cause only a small change in the compressed data.
Alternatively, any message which is highly unlikely to be a compressed data sequence
can be used as the decision feedback.

Back at the transmitter, the feedback message is compared with an appropriately delayed
version of the compressed data produced in the transmitter itself. If they agree (within a
certain tolerance), the threshold detector inserts a “0” into the tracer storage. If they
disagree, a “1” is inserted. When it is time for a possible retransmission, the transmitter
will make a decision on the basis of the output of the tracer storage. We have already
seen that a “normal” block is produced when a “0” emerges from the tracer storage.
When a “1” appears, the encoder is ignored completely and a block is formed from the
flag (which indicates a retransmission block), new information fed directly into the



switch from the data source, and information from R blocks back coming from the Rk-bit
storage register. At the receiver, the flag causes the new data to be passed unaltered into
the Rk-bit storage register, and the old data to replace the (presumably faulty) old data
emerging from this register. The new data also goes to the feedback data generator,
which sends a compressed version back to the transmitter, as described above.

Features of the rate 1/2 system

Note that the new data in a retransmission block may be replaced at a later time if the
feedback message convinces the transmitter that the new data has been incorrectly
received. The retransmitted data has no such protection in the current design, but there is
no reason why additional forward-channel coding over the entire codeword or a feedback
message carrying information about the retransmitted data could not be incorporated.

The total storage requirement of the present design, not counting registers used in
encoders and decoders, is 2(k+Rk+R)+mD - D bits, where:

(1) k is the number of new information digits in each block; n = 2k.

(2) R is the number of blocks separating a retransmission from the original.

(3) D = round-trip propagation time, in block durations.

(4) m =number of information digits in the feedback message.

In practice, the significant component of this storage will be 2kR = nR, which is slightly
less than the longest error burst [ (n+f) R digits ] which can be tolerated.

The effect of noise on the feedback channel

The transmitter decides whether or not to make a retransmission on the basis of the
feedback message. If the feedback message contains sufficient errors, the transmitter will
either

(1) Fail to make a needed retransmission, or

(2) Make an unnecessary retransmission.

The first kind of error, which can be very damaging if the receiver has detected errors
and expects a retransmission, is unlikely to occur because the decision feedback message
has a substantial Hamming distance from the compressed information stored in the
transmitter. The second kind of error is more likely, since the feedback message must



agree closely with the stored replica if a retransmission is to be avoided. The
consequence of an unnecessary retransmission is only that the retransmission may suffer
errors. If the noise in the feedback channel is no worse than in the forward channel,
performance will not be seriously impaired. Also, the feedback message may itself be
encoded (in the box labeled “feedback transmitter” in Fig. 3) in order to protect against
noise in the feedback channel.

Simulation results

The system depends heavily on the relative capacities of the forward and reverse
channels and on the error statistics. In the limited simulation work which has so far been
carried out, it was arbitrarily decided to make the capacity of the feedback channel about
1/8 that of the forward channel, to use a rate 2/3 code on the forward channel, to separate
a retransmission from the original transmission by 40 blocks, to use a one-digit flag, and
to do the maximum amount of error correction which is possible at the receiver.

A record of error occurrences on a large group of data calls made over long-distance
telephone circuits was processed by a computer program simulating a burst-trapping
system with a (39, 26) shortened BCH code (minimum distance 6) on the forward
channel. An error correction capability of 2 was thus assumed for the receiver, and a
5-digit feedback message was generated from the 26 information digits in the received
block. Each call consisted of between 3 and 3.5 million digits, and the pattern of errors
varied from very bursty in some calls to uniformly distributed in others. The feedback
channel was assigned approximately the same error behavior as the forward channel.
Many of the calls had so few (or so fortuitously distributed) errors that the coding
completely corrected them. For the calls with more than 100 errors, table I lists the
number of errors before and after coding. The total number of bit errors in these calls
was 22124, of which all but 748 were corrected.

Some of the remaining errors can be attributed to errors occurring in retransmissions, and
others to errors in the flag. Both kinds of error can be reduced with more elaborate
coding schemes, as suggested earlier but the penalty is always a reduction in rate. It is
not clear under precisely what conditions the feedback system is superior to alternative
systems. The number of errors remaining after processing by the feedback burst-trapping
system was, on the average, less than 1/5 the number remaining after processing by the
forward-acting burst-trapping system at the expense of 15% more capacity (mostly the
feedback channel).

Conclusion

A practical burst-trapping code can be devised for a digital communication system with a
nonideal feedback channel. The round-trip propagation delay, which is usually so



damaging in information feedback systems, is harmless in this case because of the long
delay between an original transmission and a possible retransmission. There is
considerable flexibility in the degree of complexity (and performance) which can be
implemented.
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Bit Errors in Call

Call No. Before Coding After Coding

1 221 0
2 192 13
3 1250 1
4 147 0
5 1848 34
6 1404 178
7 645 16
8 791 51
9 167 13

10 314 0
11 497 2
12 228 0
13 763 109
14 1399 54
15 360 0
16 280 0
17 4000 105
18 129 0
19 810 119



20 2092 6
21 213 0
22 919 0
23 488 37
24 481 0
25 2486 10

Table 1. Performance of Burst-Trapping Code in Rate 2/3 System with
Feedback Channel of Rate 1/8 of Forward Channel.

FIG. 1.  DIGITAL COMMUNICATION SYSTEM WITH FEEDBACK

FIG. 2.  STRUCTURE OF BLOCKS ON FORWARD CHANNEL



FIG. 3  RATE 1/2 BURST-TRAPPING COMMUNICATION
SYSTEM WITH FEEDBACK




