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SYSTEMS AND METHODS FOR HIGH SPEED 
SERIAL ENCODING AND DECODING FOR DATA 

AND CONTROL INTERFACES 

FIELD OF THE INVENTION 

0001. The invention relates to systems and methods of 
performing Serial encoding and decoding for data and con 
trol interfaces. 

BACKGROUND OF THE INVENTION 

0002 High speed serial communications paths, such as 
may exist between components in an optical networking 
node, are typically Subject to very low error rates. An 
example of a baseline bit error rate which might be desirable 
for such serial links is 10'. An example rate of such a link 
is 2.5 Gbps for a short haul connection between a port card 
and a Switching matrix. In Such a System, when operating 
normally, it takes an average of thousands of Seconds before 
an error will occur. Various coding Schemes have been 
developed for Such applications. 
0003. One scheme not originally designed for this appli 
cation but which has become a popular choice is commonly 
referred to as 8B/10B is taught in U.S. Pat. No. 4,486,739 to 
Franaszek, et al. entitled “Byte oriented DC balanced (0.4) 
8B/10B partitioned block transmission code” which issued 
Dec. 4, 1984. With this scheme, 8 bit bytes are encoded into 
10 bit code words. The code is crafted to allow a maximum 
of 4“1's or 4 "O's in a row for data words. This is because 
another purpose of such codes is to provide sufficient 
transitions that timing recovery can be performed at a 
decoder, typically at a receiver. There are Special Start of 
packet (SOP) and end of packet (EOP) sequences which 
indicate the Start of a new packet and the end of a current 
packet respectively. These SOP and EOP packets introduce 
overhead since data does not start until after the SOP. 

0004 Some detection and correction capabilities are pro 
vided by this code. One problem with 8B/10B is that there 
is Some latency in the detection of errors. After a neutral 
code word (one containing 5 “O’s, and 5 “1's), it is not 
possible to detect an error until Several code words later, and 
theoretically there is no upper limit on the time it may take 
to detect an error. If correction is to be performed, then this 
latency presents a problem. Because latency is not predict 
able, fault isolation is not possible. 
0005) Another significant drawback of the 8B/10B code 

is that it requires an n+1/n multiplier for the clock rate used 
for the coded output (and thus also at the receiver) compared 
to the clock rate for the data per Se, where each packet 
includes n data code words and one SOP code word. 

SUMMARY OF THE INVENTION 

0006. One broad aspect of the invention provides a 
method of encoding an input bit Stream to produce a Serial 
encoded output. The method involves generating a parity bit 
for each set of N bits of the bit stream and inserting the parity 
bit in the Serial encoded output in a predetermined position, 
where Ne4, wherein a first Sequence of parity polarities is 
continuously repeated to generate a repeating first Sequence 
of parity polarities, the repeating first Sequence used on an 
ongoing basis in generating the parity bits, the first Sequence 
including at least one even parity and one odd parity. The 
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method further involves indicating at least one data Stream 
delineation by inserting at least one Sequence of parity 
polarities different from Said first Sequence and in place of 
Said repeating first Sequence for bits in the Serial bit Stream 
at the at least one data Stream delineation. 

0007. In some embodiments, N=4 Such that a parity bit is 
generated for each nibble. 

0008. In some embodiments, the first sequence of parity 
polarities comprises odd, even. 
0009. The at least one sequence in some embodiments 
includes the sequence: {odd, odd, even, even and/or the 
sequence: {even, even, odd, odd. 
0010. In some embodiments, the encoded output is a 
Sequence of variable length packets and the at least one data 
Stream delineation comprises a start of packet data Stream 
delineation inserted at the Start of each packet. 

0011. In some embodiments, the at least one data stream 
delineation further comprises an end of packet data Stream 
delineation inserted at the end of each packet. 

0012. In some embodiments, the encoded output is a 
Sequence of fixed length frames and wherein the at least one 
data Stream delineation comprises a start of frame data 
Stream delineation inserted at the Start of each frame. 

0013 In some embodiments, the encoded output is a 
Sequence of multi-frames each containing a respective 
Sequence of fixed length frames including a first frame and 
wherein the Second Sequence indicates a start of multi-frame 
data stream delineation which is inserted in the first frame of 
each multi-frame and the third Sequence indicates a Start of 
frame data Stream delineation which is inserted at the Start 
of each frame except the first frame. 

0014. In some embodiments, the method further involves 
Scrambling a raw input bit stream to produce the input bit 
Stream. 

0015. In some embodiments, the method further involves 
transmitting other special code words each containing a 
known data content together with a known parity Sequence 
different from the first Sequence. 
0016. The special code words might for example include 
a first Special code word indicating an idle State; a Second 
Special code word indicating an idle State during a multi 
frame data Stream delineation; and a third Special code word 
indicating an idle State during a frame data Stream delinea 
tion. 

0017. In some embodiments, the method further involves 
generating a plurality M of Serial encoded outputs using the 
method of claim 1, where Me2; for each bit position in the 
plurality M of Serial encoded outputs, computing a vertical 
parity bit for the bits in the bit position in the plurality of M 
Serial encoded outputs, and outputting the vertical parity bits 
thus computed in a vertical parity channel. 

0018. In some embodiments, the method further involves 
generating a plurality M of Serial encoded outputs using the 
above described method, where M22; for each data bit 
position in the plurality M of Serial encoded outputs, com 
puting a vertical parity bit for the bits in the bit position in 
the plurality of M Serial encoded outputs, encoding the 
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Vertical parity bits thus computed using the above described 
encoding methods and outputting a vertical parity channel. 
0019. In yet further embodiments, the method further 
involves scrambling M raw input bit streams to produce M 
Serial bit Streams with a Scrambling pattern; for each of the 
M Serial bit Streams generating a respective Serial encoded 
output using the above described encoding methods, for 
each data bit position in the M raw input bit streams 
computing a vertical parity bit for the bits in the bit position 
in the M raw input bit Streams, Scrambling the Vertical parity 
bits with the Scrambling pattern to produce a Scrambled 
Sequence of Vertical parity bits, and encoding the Scrambled 
Sequence of Vertical parity bits using the above described 
methods and outputting a vertical parity channel. 
0020. In some embodiments, the method further involves 
transmitting each of Said plurality M of Serial encoded 
outputs and the Vertical parity channel on a respective 
physical channel, the Vertical parity channel effectively 
functioning as a protection channel for the plurality M of 
Serial encoded outputs while also providing Some data 
correction capabilities. 
0021. In some embodiments, the method further involves 
allocating the plurality M of Serial encoded outputs and the 
Vertical parity channel collectively to a plurality of users in 
a time-division multiplexed manner. 
0022. In some embodiments, the first sequence is odd, 
even, a Second sequence is odd, odd, even, even, and a 
third sequence is {even, even, odd, odd. A first special code 
word is 0101001110, a second special code word is 10001 
00111, a third special code word is 00110 01000, a fourth 
special code word is 01100 11100, a fifth special code word 
is 11011 00100, and a sixth special code word is 00110 
01000, the special code words being used to indicate idle or 
error States during a given slot. 
0023. Another broad aspect of the invention provides an 
encoder for encoding a Serial bit Stream to produce an 
encoded output. The encoder has a Scrambler adapted to 
Scramble the Serial bit Stream to produced a Scrambled Serial 
bit Stream, a parity calculator adapted to generate a parity bit 
for each set of N bits of the Scrambled serial bit stream and 
insert the parity bit in the Serial encoded output in a 
predetermined position, where Ne4. A first Sequence of 
parity polarities is continuously repeated to generate a 
repeating first Sequence of parity polarities, the repeating 
first Sequence used on an ongoing basis in generating the 
parity bits, the first Sequence including at least one even 
parity and one odd parity; wherein at least one data Stream 
delineation is inserted by inserting at least one Sequence of 
parity polarities different from Said first Sequence and in 
place of Said repeating first Sequence forbits in the Serial bit 
Stream at the at least one data Stream delineation. 

0024. The encoder can also be further adapted to imple 
ment any of the above Summarized methods. 
0.025. Another broad aspect of the invention provides a 
method of decoding a received serial bit stream. The method 
involves Summing each set of N+1 bits of the received serial 
bit stream and determining if the result is even or odd to 
produce a parity Sequence of evens, and odds, where Ne4 
and determining that no errors have occurred if the parity 
Sequence obeys a known repeating first Sequence of parity 
polarities, the known repeating first Sequence including at 
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least one even parity and one odd parity. The method further 
involves determining a data Stream delineation for a packet 
has been received if the Sequence of evens and odds contains 
at least known one Sequence of parity polarities which is 
different from Said first Sequence. 
0026. In some embodiments, this method further involves 
processing the received Serial bit Stream to determine where 
in the received bit stream transmitted parity bits should be 
located. This might for example involve for each possible 
rotation of the received bit stream (there being N+1xK 
possible rotations, K being the length of one period of the 
repeating first sequence) for each parity location for the 
given rotation, determining if the parity location is correct 
and if So, adding one to a Sum being maintained for that 
rotation; and after Some period of time, Selecting the rotation 
having the largest Sum as being the correct rotation. 
0027. In another embodiment processing the received 
serial bit stream to determine where in the received bit 
stream transmitted parity bits should be located involves for 
each possible rotation of the received bit stream (there being 
N+1XK possible rotations, K being the length of one period 
of the repeating first sequence) for each parity location for 
the given rotation, determining if the parity location is 
incorrect and if So, adding one to a Sum being maintained for 
that rotation, and after Some period of time, Selecting the 
rotation having the Smallest Sum as being the correct rota 
tion. 

0028. In some embodiments, the method further involves 
receiving a plurality M of Serial encoded outputs using the 
above-described methods, where Me2, and receiving a 
Vertical parity channel containing parity bits computed bit 
wise between corresponding bit positions of the plurality M 
of Serial encoded outputs, and making error corrections on 
the basis of the parity calculations and the Vertical parity 
calculations when together they uniquely define an error 
position in one of the M Serial encoded outputs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 Preferred embodiments of the invention will now 
be described with reference to the attached drawings in 
which: 

0030 FIG. 1 is a block diagram of an encoder provided 
by an embodiment of the invention; 
0031 FIG. 2 shows a set of coded data sequences coded 
using the encoder of FIG. 1 and also employing certain 
Special code words, 
0032 FIG. 3 is a block diagram of an example imple 
mentation of the encoder of FIG. 1; 

0033 FIG. 4 shows an example of vertical parity calcu 
lation provided by an embodiment of the invention; 
0034 FIGS. 5 and 6 show examples of error correction 
capabilities using the vertical parity of FIG. 4; 
0035 FIG. 7 is a block diagram of a system employing 
the vertical parity channel on a separate physical connection; 
and 

0036 FIG. 8 is a block diagram of another system 
employing vertical parity channels on Separate physical 
connections. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0037 Referring first to FIG. 1, shown is a block diagram 
of a high Speed encoder provided by an embodiment of the 
invention. The high speed encoder has a raw input 10 
typically consisting of uncoded bits. However, these 
“uncoded bits” may be bits to which some other coding has 
already been applied independent of the processing applied 
by the encoder of FIG. 1. In a preferred embodiment, the 
high Speed encoder processes the bits eight bits at a time. 
The raw input 10 is connected to a scrambler 12 which 
produces a Scrambled input 14 which is connected to a parity 
calculator 16. The parity calculator 16 produces a Serial 
coded output 22 as a function of the Scrambled input 14, a 
FDSD (first data stream delineation) input 18 and in some 
embodiments also a SDSD (second data stream delineation) 
input 20. 
0.038. In some embodiments, the raw input 10 is a pack 
etized serial data stream. In Such embodiments, the FDSD 
input 18 consists of a start of packet indication for each 
packet and the SDSD input 20 consists of an end of packet 
indication for each packet. It may not be necessary to 
include SDSD input 20 for packetized serial data streams 
which include packet length specified in packet headers. 
0039. In some embodiments, the raw input 10 is a multi 
framed and framed Serial data Stream consisting of fixed 
length multi-frames, with each multi-frame containing a 
fixed number of frames and each frame containing a number 
of slots. If there is no data to transmit during a given slot, 
then an idle code word is transmitted. In Such embodiments, 
the FDSD input 18 is used to indicate the start of a 
multi-frame, and the SDSD input 20 is used to indicate the 
Start of each frame. 

0040 Finally, in some embodiments, the raw input 10 is 
a framed Serial data Stream consisting offixed length frames. 
If there is no data to transmit during a given frame, then an 
idle code word is transmitted. In Such embodiments, the 
FDSD input 18 is used to indicate the start of each frame and 
the SDSD input 20 is not required. 
0041. The purpose of the scrambler 12 is to apply a 
known scrambling to the raw input 10 to decrease the 
probability of the occurrence of extended periods without 
enough 0-1 and 1-0 transitions for the receiver PLL (phase 
locked loop) to lock. Typically, the Scrambler 12 Scrambles 
using a known pattern which introduces transitions into a 
Sequence which would otherwise be a repetition Structure of 
1's or 0's, the assumption being that Such a repetition 
Structure is much more likely than a raw data Sequence equal 
to the Scrambling sequence (which would Scramble to all 
“O's). It is noted that the scrambler 12 does not change the 
maximum run length of non-transitional bits but rather 
reduces the probability of the maximum run length occur 
ring. It is noted that in embodiments in which transition 
density is not a requirement, the Scrambler may be omitted. 
However, the scrambling also enables the below described 
histogram based word alignment algorithm to converge 
quickly. Without scrambling, if the raw data was all 1's for 
some period (as could easily be the case with SONET data) 
the encoded Stream would result in the algorithm taking 
much longer to converge. 
0.042 Preferably, the scrambler 12 also receives the 
FDSD input 18 and resets itself at the start of each multi 
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frame and frame for the multi-frame and frame embodiment, 
at the start of each frame for the frame only embodiment, 
and at the Start of each packet for the packet embodiment. 

0043. The parity calculator 16 computes parity bits based 
on the scrambled input 14. In a preferred embodiment of the 
invention, a parity bit is calculated for each nibble (four bits) 
of the scrambled input 14. A first parity bit is computed for 
the four most significant bits (the most significant nibble) of 
each eight Scrambled raw data bits and is inserted after the 
four most significant raw data bits. A Second parity bit is 
computed for the four least significant bits (the least Sig 
nificant nibble) of each eight scrambled raw data bits and is 
inserted after the four least significant raw data bits. The two 
nibbles plus two parity bits form a ten bit code word. More 
generally, the first and Second parity bits may be inserted in 
any known manner within the resulting 10 bit code word, but 
they must always be inserted in the same place So that the 
location of the parity bits can be determined at a decoder/ 
receiver as described in detail below. 

0044) The polarity of the first parity bit is opposite that of 
the second parity bit. In a preferred embodiment of the 
invention, the first parity bit is computed as odd parity, 
meaning the weight of the four most significant bits plus the 
first parity bit will always be odd, and the second parity bit 
is computed as even parity, meaning the weight of the four 
least Significant bits plus the Second parity bit will always be 
even. Thus, the sequence of nibble parity obeys the follow 
ing rule: 

004:5 odd, even, odd, even . . . . 
0046) This even/odd parity insertion scheme will guar 
antee a maximum run length of 13 non-transitional bits and 
also allows the detection of a failed link whether the link 
fails to all 1's or to all 0's. More generally, a repeating first 
Sequence of parity polarities is used on an ongoing basis in 
generating the parity bits, the repeating Sequence including 
at least one even parity and one odd parity. 

0047. In a preferred embodiment, an exception to this 
rule made when FDSD input 18 indicates a first data frame 
delineation. For example, this might indicate the Start of a 
frame (for frame only embodiments), the start of a multi 
frame (for multi-frame, frame embodiments) or the start of 
a packet (for packet embodiments). To indicate the first data 
Stream delineation a predetermined known Sequence of 
parity violations is inserted, a parity violation being a parity 
bit which does not follow the above odd, even sequence used 
for normal code words. In a preferred embodiment of the 
invention, this Sequence involves transmitting four nibbles 
(two code words) with the Sequence of nibble parity as 
follows: 

0048 odd, odd, even, even. 
0049. It can be seen that this particular sequence contains 
exactly two parity violations compared to that of the regular 
nibble parity Sequence. More particularly, the Second and 
third parity bits violate the normal odd, even Sequence. 

0050. In another embodiment, preferably a second 
sequence of parity violations is employed when SDSD input 
20 indicates the occurrence of the Second data Sequence 
delineation. This may for example indicate the Start of a 
frame in frame and multi-frame embodiments, or the end of 
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a packet in packet embodiments. In one example, the 
following Sequence of nibble parity is employed to indicate 
an SDSD: 

0051) even, even, odd, odd. 
0.052 Again, it can be seen that this particular sequence 
contains exactly two parity violations compared to that of 
the regular nibble parity Sequence. More particularly, the 
first and fourth parity bits violate the normal odd, even 
Sequence. 

0.053 Another way of thinking of the parity violations is 
that a different respective Sequence of parity polarities is 
used to indicate each of the FDSD and SDSD from the 
repeating Sequence used to indicate data. In the above 
example, the repeating Sequence used to indicate data is a 
first sequence odd, even; a second sequence is used to 
indicate a FDSD which is odd, odd, even, even and a third 
sequence which is used to indicate a SDSD is even, even, 
odd, odd. The sequences used to indicate the FDSD and 
SDSD are preferably longer than the normal sequence used 
to indicate data, and are preferably of length 24. In any case, 
they must be uniquely distinguishable from each other and 
from the normal Sequence. 
0054) The parity calculator 16 uses the FDSD input 18 
and the SDSD input 20 to know when to change the parity 
sequence to indicate either an FDSD or a SDSD. Typically, 
the FDSD input 18 and the SDSD input 20 are synchronized 
with the data input 10 and would be generated by a circuit 
preceding the encoder. Advantageously, whether or not a 
particular nibble contains normal parity or a parity violation, 
its ability to transmit payload (data) is unaffected. The 
Signalling information is overlayed over the regular data in 
the form of parity violations. 
0055. In a preferred embodiment, for embodiments with 
Slots there are also a few special code words that mark 
unused slots, called “idle' code words. For example, in the 
multi-frame, frame embodiment, there may be slots within a 
frame which are not used because they are being used to 
Support a lower overall data rate. In one implementation, the 
idle code word is marked by inverting the parity of the code 
word (i.e. transmitting even, odd), and by Setting the data to 
a defined pattern. The idle code word takes precedence over 
the FDSD/SDSD parity, and therefore unique patterns are 
defined to indicate whether the code word is a normal idle, 
is an idle as part of a FDSD, or is an idle as part of a SDSD. 
Idle code words are not Scrambled. In one example, the 
defined patterns, including parity bits are: 

0056) 

0057) 

0058 

Idle-data: OO110 01000 

Idle-FDSD: 01 01001110 

Idle-SDSD: 10001 00111 

0059 Thus, in the event there is no data for the first code 
word of the two code words being used to indicate an FDSD 
is idle, the two code words transmitted are the idle-FDSD 
code word and the normal second code word of the FDSD, 
namely two nibbles of data with even parity. Similarly, in the 
event there is no data for the second code word of the two 
code words being used to indicate an FDSD, the two code 
words transmitted are the normal first code word of the 
FDSD, namely two nibbles of data with odd parity and the 
idle-FDSD code word. In the event there is no data for both 
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the first and Second code words being used to indicate an 
FDSD, then two idle FDSD code words are transmitted. 
0060 Similarly, in the event there is no data for the first 
code word of the two code words being used to indicate an 
SDSD, the two code words transmitted are the idle-SDSD 
code word and the normal second code word of the SDSD, 
namely two nibbles of data with odd parity. Similarly, in the 
event there is no data for the second code word of the two 
bytes being used to indicate an SDSD, the two code words 
transmitted are the normal first code word of the SDSD, 
namely two nibbles of data with even parity and the idle 
SDSD code word. In the event there is no data for both the 
first and second code words being used to indicate an SDSD 
are idle, then two idle SDSD code words are transmitted. It 
is to be understood that other examples may alternatively be 
employed. 

0061. In other embodiments, there is a requirement for a 
code word which is recognized as being errored. For 
example, if an intermediary device (between a transmitter 
and a receiver where complete decoding will occur) does a 
parity check and determines that a code word is in error it 
may be useful to pass this information on to a downstream 
device. This requires an error code word for normal data, an 
error code word for the FDSD and an error code word for the 
SDSD when used. Preferably, similar to the Idle-FDSD and 
Idle-SDSD code words, the Error-FDSD and Error-SDSD 
code words will have both parity bits inverted from normal 
data code words. 

0062. In the event the first code word of the two code 
words being used to indicate an FDSD is somehow in error, 
the two code words transmitted are the error-FDSD code 
word and the normal second code word of the FDSD, 
namely two nibbles of data with even parity. Similarly, in the 
event the second code word of the two code words being 
used to indicate an FDSD is in error, the two code words 
transmitted are the normal first code word of the FDSD, 
namely two nibbles of data with odd parity, and the error 
FDSD code word. In the event both the first and second code 
words being used to indicate an FDSD are in error, then two 
error-FDSD code words are transmitted. 

0063 Similarly, in the event the first code word of the 
two code words being used to indicate an SDSD is somehow 
in error, the two code words transmitted are the error-SDSD 
code word and the normal second code word of the SDSD, 
namely two nibbles of data with odd parity. Similarly, in the 
event the second code word of the two code words being 
used to indicate an SDSD is in error, the two code words 
transmitted are the normal first code word of the SDSD, 
namely two nibbles of data with even parity and the error 
SDSD code word. In the event both the first and second code 
words being used to indicate an SDSD are in error, then two 
error-SDSD code words are transmitted. It is to be under 
stood that other examples may alternatively be employed. 
For example, the following Specific special code words may 
be employed: 

0064.) Error-data: 00110 01000 
0065) Error-FDSD: 01100 11100 
0.066 Error-SDSD: 11011 00100 

0067. An example of the use of these special code words 
will now be described with reference to FIG. 2. This 
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example assumes a multi-frame Structure of the encoded 
data Stream, with each multi-frame being comprised of 81 
frames, and each frame being comprised of 768 ten bit slots 
and each Slot containing eight data bits and two parity bits. 
A first example raw data Sequence is indicated generally at 
400. The encoded data is generally indicated by 402. In this 
example there is no error and no idle Slot, and the first two 
slots of the multi-frame 403,405 contain data and an FDSD, 
and the first two slots of each other frame (e.g. slots 407,409 
and slots 411,413) contain data and a SDSD. 
0068 A second example raw data sequence is indicated 
generally at 404. In this case, the Sequence contains a 
number of stuff bytes 415,417,419 indicating idle slots. The 
encoded data is generally indicated by 406. The first slot 421 
of the multi-frame contains data and the first half of an 
FDSD as indicated by the odd, odd parity. The second slot 
423 of the multi-frame contains an idle FDSD code word. 
Slot 425 is a normal data slot not used for either FDSD or 
SDSD, and since the raw data sequence 404 contains a stuff 
byte, an idle code word is inserted. Finally, slots 427 and 429 
are at the start of a new frame, and should indicate SDSD. 
Since the first of these slots 427 is idle, it contains the 
idle-SDSD code word, and the second slot 429 contains the 
second half of the SDSD as indicated by the odd, odd parity. 
0069. In a third example, an encoded sequence at an 
intermediate device is indicated generally at 408. In this 
case, the encoded Sequence contains a number of Slots 
430,432 and 434 which are known to be in error as deter 
mined from a parity computation. The re-transmitted 
encoded data is generally indicated by 410. The first slot 436 
of the multi-frame contains data and the first half of an 
FDSD as indicated by the odd, odd parity. The second slot 
438 of the multi-frame contains an error-FDSD code word. 
Slot 432 is a normal data slot not used for either FDSD or 
SDSD, and since the encoded sequence 408 contains an 
error, an error-code word is inserted. Finally, Slots 442 and 
444 are at the start of a new frame, and should indicate 
SDSD. Since the first of these slots 442 is in error, it contains 
the error-SDSD code word, and the second slot 444 contains 
the second half of the SDSD as indicated by the odd, odd 
parity. 
0070 The encoder of FIG. 1 may be implemented using 
any Suitable hardware, Software, firmware, or any Suitable 
combination of hardware and/or Software and/or firmware. 
However, for the Speeds being considered, preferably the 
entire encoder is implemented in hardware. 
0071. A detailed implementation of a coder of FIG.1 will 
now be described with reference to FIG. 3 in which like 
reference numbers are used to identify like functions. In this 
example, the Scrambler 12 is a Synchronous Scrambler 
having the scrambler signature x+x+1 (the SONET/SDH 
frame synchronous scrambler). The scrambler 12 has a 
Series of registers 21.23 connected in accordance with the 
Scrambler Signature. This Scrambler 12 generates a repeating 
127 bit scrambler pattern at the x7 position 23 which is 
combined with the uncoded raw input 10 (received most 
Significant bit first) with a modulo-2 adder 24. Each register 
21,23 is connected to the FDSD input 18 such that the 
scrambler resets itself to all “1's on the most significant bit 
of the code word following the generation of an FDSD. 
Thus, each new packet or frame is Scrambled with an 
identical Scrambling Sequence. It is to be understood that this 
is only one example implementation of the Scrambler 12. 
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0072 The parity calculator 16 loads eight scrambled bits 
into a memory element, for example a register 25, having 
raw bit outputs 26.28. In the illustrated example, the bit 
positions in the register 25 are labelled A through H, from 
most significant bit (msb) to least significant bit (lsb). The 
four raw bit outputs 28 (the four msbs A to D) are connected 
to a logic function 32 implementing function F1, and to bit 
positions a to d of an output memory element, for example 
another register 36 having ten bit positions labelled a 
through j. The four raw bit outputs 26 (the four lsbs E to H) 
are connected to a logic function 30 implementing function 
F2 and to bit positions f to i of output register 36. The output 
of the logic function 32 is connected to bit position e of the 
output register 36, and the output of logic function 30 is 
connected to bit position of the output register 36. Each of 
logic functions 30.32 also receives the FDSD input 18, the 
SDSD input 20, and a slot count indicator 35. The main 
purpose of the slot count indicator 35 is to distinguish 
between the first and second code words of a FDSD or a 
SDSD. Thus it needs to be set to one value for the first code 
word of an FDSD and SDSD, and to another value for the 
Second code word of an FDSD and SDSD. For all other slots 
it has no relevance. 

0073. In one embodiment, the slot count indicator 35 
counts from 0 up to N-1, where there are N slots in a frame. 
A slot count of 0 identifies the first byte of an FDSD or 
SDSD and a slot count of 1 identifies the second byte of an 
FDSD or SDSD. 

0074) A truth table for the two logic functions F1 and F2 
is generally indicated by 33. It can be seen, that when there 
is neither a FDSD or a SDSD, F1 is XNOR (odd parity), and 
F2 is XOR (even parity), thereby achieving the odd, even 
sequence of nibble parity. For the first byte of FDSD, F1 is 
XNOR and F2 is XNOR providing odd, odd parity, and for 
the second byte of FDSD, F1 is XOR and F2 is XOR 
providing even, even parity. For the first byte of SDSD, F1 
is XOR and F2 is XOR providing even, even parity, and for 
the second byte of SDSD, F1 is XNOR and F2 is XNOR 
providing odd, odd parity. 

0075. In the event one of the special code words is to be 
transmitted, this is simply overwritten/inserted in place of 
what would normally be computed. 

0076. In another embodiment of the invention, the above 
discussed encoder is used together with at least one extra 
“vertical parity channel” to enable Some error correction at 
a receiver. It is assumed that a node performing the encoding 
in accordance with FIG. 1 or 3 above, has a plurality M of 
parallel outputs each encoded using the Same approach. 
There is also a sixth output which is the Vertical parity 
output. The Sixth output contains data which is simply parity 
computed bitwise between corresponding bit positions in 
each of the five data outputs. An example is shown in FIG. 
4 where there are shown 20 bits of five data channels 
labelled W1.W2.W3,W4 and W5 with the bit positions 
being labelled 0 through 15 for each scrambled data bit 
output and P1, P2, P3 and P4 for the nibble parity bits 
computed within each data channel as described previously. 
There is also shown a single vertical parity channel labelled 
VP also with bit positions labelled 0 through 15 and P1, P2, 
P3 and P4. Each bit of the parity channel VP corresponding 
to a data bit is determined by computing a parity, for 
example an odd parity, on the corresponding bits of the data 
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channels W1, W2.W3,W4 and W5. This is indicated sche 
matically by each Set of corresponding bits being fed into a 
respective XOR gate 100 having an output connected to the 
corresponding parity bit location in the vertical parity chan 
nel VP 

0077. The vertical parity bits corresponding to parity 
locations can be computed by computing a horizontal parity 
among the related vertical parity bits, or vertically among 
the data parity bits, the result being the Same. 
0078. In the event scrambling is employed, with the same 
Scrambler used on each data channel it is noted that if 
Vertical parity is computed after Scrambling the data then if 
an even number of data channels exist there will be no 
Scrambling on the vertical parity channel. This is because the 
Scrambling Sequences of an even number of data channels 
will cancel each other out. If there is an odd number of data 
channels, the vertical parity channel will still effectively be 
Scrambled if computed in this manner. 

0079. In one embodiment, the vertical parity for data bit 
locations is computed prior to Scrambling of the data chan 
nels in which case then the vertical parity thus computed can 
Simply be encoded using the same encoder used for data 
channels to Scramble the Vertical parity bits and to horizon 
tally compute the nibble parity bits. In this case, the FDSD, 
SDSD must also be factored in when horizontally computing 
nibble parity bits for the vertical parity channel. In this 
embodiment, the Vertical parity channel does have the 
benefit of being scrambled. 
0080 Decoder Design 

0081. After transmission of the encoded bit stream with 
parity, a decoder, typically part of a receiver but more 
generally part of a down Stream device, receives this, 
descrambles using the known Scrambling pattern assuming 
the bits were Scrambled, and computes locally the parity for 
each nibble. For each nibble, a comparison between the 
locally computed parity bit and the expected value (deter 
mined according to the odd, even Sequence, or other prede 
termined sequence) is made, and if there is a difference, then 
there must be an error in the received Sequence unless the 
error is part of one of the predetermined parity Sequences 
used to indicate a FDSD or SDSD. 

0082 The decoder must determine where in a sequence 
of bits the parity bits are. If no other mechanism is provided 
to allow an identification of where the parity bits are in a 
long Sequence, one way for the decoder to determine this is 
to compute parities for each rotation of 10 bit windows in the 
received Sequence over Some period of time. Eventually, 
notwithstanding the presence of parity violations due to 
FDSD, SDSD, the correct positions of the parity bits can be 
determined. A histogram can be developed having a bin for 
each possible rotation of the 10 bit positions, 10 in all. More 
generally, there would be N--1xK possible rotations in all 
where a parity bit is included for every N data bits (in this 
example, N=4), and K is the length of one period of the 
repeating sequence used to indicate data (in this example 
K=2). Then, each time a given 10 bit sequence for a given 
rotation yields a valid parity, one is added to the histogram 
bin for that rotation. Eventually, only the correct rotation 
will have a significantly larger bin size. Once the correct 
rotation is determined, the decoder then looks for the parity 
Violation patterns, and processes the incoming bit Stream 
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accordingly. Alternatively, the number of parity violations 
per rotation can be maintained in the histogram, and the 
rotation having the Smallest bin Size is determined to be 
correct. A threshold maximum number of parity violations 
for the “correct” bin may be established in which case if the 
maximum is exceeded over the histogram period, the whole 
process is repeated. 
0083. When the vertical parity channel is employed as 
described above, then the decoder descrambles each of the 
data channels and the vertical parity channel, assuming 
Scrambling was employed on both the data channels and the 
vertical parity channel. The receiver then generates (logi 
cally if not physically) a picture of the received data Such as 
illustrated by example in FIGS. 4, 5 and 6 described below 
and is able to correct certain errors. 

0084. The inclusion of this additional vertical parity 
channel VP allows the detection and correction of certain 
errors in the received bit stream. When a parity error on a 
nibble of a given data channel is determined, and the vertical 
parity channel indicates a single error in the Vertical parity 
for that channel, the position of the Single error in the 
Vertical parity channel dictates the position of the error on 
the data channel. Preferably, the parity bits of the vertical 
parity channel are checked horizontally to determine the 
integrity of the received vertical parity Stream and they are 
checked vertically to determine the integrity of the parity 
bits of each working channel. A bit error on the Vertical 
parity channel can only be detected by checking the hori 
Zontal parity of the vertical parity channel, and a bit error on 
any parity bit on any data stream can only be checked by 
checking the Vertical parity of the parity bits. 
0085. An example of this is shown in FIG. 5. Here, for 
data channel W3, the parity bit P4 is computed and an error 
is identified, but the position of the error in data channel W3 
is not yet determined. First, a horizontal parity among bits 
15,14,13,12 of the vertical parity channel is computed and 
compared to P4 of the vertical parity channel to determine 
the integrity of the vertical parity channel. Then Vertical 
parity is computed between the data channels, and this is 
compared to the Vertical parity bits received on the vertical 
parity channel. A vertical parity discrepancy in bit position 
14 of the vertical parity channel VP determines that a 
correctable error took place in bit position 14 of channel W3. 
Similarly, the combination of parity errors in P2 on data 
channel W1 and a vertical parity error in position 7 indicate 
a correctable bit error in position 7 on channel W1. 
0086. In some circumstances, the errors cannot be cor 
rected. An example of this is shown in FIG. 6. In this 
example, the parity computations produce parity in parity 
bits P4 for data channels W1 and W3. Also, the vertical 
parity channel indicates that there are two parity errors in bit 
positions 12 and 14. However, there is no way to determine 
which data channel (either W1 or W3) has the error in 
position 12, and which data channel has the error in position 
14. In another example, a parity error on channel W4 for P2 
and a vertical parity error for position P2 on the parity 
channel P1 together yield a result for which no correction 
can be made. 

0087. If there is an error on the vertical parity channel VP, 
and none of the data channels indicate an error, then either 
there was no error, or there were two errors on the data 
channel, and the latter is highly unlikely given the error rates 
under consideration. 
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0088. It is noted that in a particular case when a single 
link is completely failed, the data for the Single link can be 
completely recovered from the vertical parity channel 
assuming no other errors occur. 

0089. In a preferred embodiment, the vertical parity 
channel is sent over a different physical link Such that if one 
link fails completely, the vertical parity channel will likely 
not have failed. An example of this is shown in FIG. 7 where 
a transmitting device 200 is transmitting data to a receiving 
device 202 over five separate physical data channels 204 and 
a single vertical parity channel 206. The transmitting device 
200 has a respective encoder (not shown) for each of the data 
channels 204 and has a vertical parity calculator 201 which 
calculates the contents of the vertical parity channel 206. In 
this embodiment, the vertical parity channel 206 effectively 
functions as a protection channel Since any of the regular 
data channels can fail, and their data can be recovered from 
the vertical parity channel 206. 

0090. In another preferred embodiment, data for a given 
downstream device is multiplexed acroSS the links for which 
the Vertical parity channel is computed, to form a wider band 
channel for the downstream device. This overall wider band 
channel is then time division multiplexed acroSS different 
devices. At any given instant a time Segment of the wide 
band channel does contain all the parity information neces 
Sary for the given device to make corrections. An example 
of this is shown in FIG. 8 where again there are five data 
channels 304 and one vertical parity channel 306 connecting 
each of a number of transmitting devices 300,303, . . . .305 
(only three shown) and a switching fabric 302 (or other 
intermediate device). In the interest of clarity, only the 
details of one transmitting device 300 are shown. The 
transmitting device 300 has a respective encoder (not 
shown) for each of the data channels 304 and has a vertical 
parity calculator 301 which calculates the contents of the 
vertical parity channel 306. As in the example of FIG. 7, the 
vertical parity channel 306 is effectively functions as a 
protection channel for the data channels 304 while also 
providing error correction. Switching fabric 302 is con 
nected to downstream devices 304,306, ... .308 (only three 
shown) again through a respective set of five data channels 
309 and a respective parity channel 310. For each transmit 
ting device 300,303,305, the data channels 304 and the 
vertical parity channel 306 collectively form a wideband 
channel which is divided in time division fashion between 
being allocated to the various downstream devices 304,306, 
308. For example for a time first period, data transmitted on 
the data channels 304 and the vertical parity channel 306 
from the first transmitting device is destined for downstream 
device 304. During a second period, data transmitted on the 
data channels 304 and the parity channel 306 from trans 
mitting device 300 is destined for the second device 306, and 
So on for each of the devices up to the last downstream 
device 308 to receive data. The same is true for data and 
Vertical parity transmitted by the other transmitting devices 
303.305. In this embodiment, the Switching fabric does not 
necessarily examine the vertical parity channel, but rather 
this is left to the downstream devices 304,306,308. Because 
of this, at the Switching fabric, it is important that the vertical 
parity data be shipped off to the Same place as the regular 
data. If the Switching fabric does examine the Vertical parity 
channel, then if errors are identified, error code words can be 
inserted as described previously. 
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0091) Numerous modifications and variations of the 
present invention are possible in light of the above teach 
ings. It is therefore to be understood that within the scope of 
the appended claims, the invention may be practised other 
wise than as Specifically described herein. 
We claim: 

1. A method of encoding an input bit Stream to produce a 
Serial encoded output comprising: 

generating a parity bit for each set of N bits of the bit 
Stream and inserting the parity bit in the Serial encoded 
output in a predetermined position, where Ne4, 

wherein a first Sequence of parity polarities is continu 
ously repeated to generate a repeating first Sequence of 
parity polarities, the repeating first Sequence used on an 
ongoing basis in generating the parity bits, the first 
Sequence including at least one even parity and one odd 
parity; 

the method further comprising: 
indicating at least one data Stream delineation by insert 

ing at least one Sequence of parity polarities different 
from Said first Sequence and in place of Said repeat 
ing first Sequence for bits in the Serial bit Stream at 
the at least one data Stream delineation. 

2. A method according to claim 1 wherein N=4 Such that 
a parity bit is generated for each nibble. 

3. A method according to claim 2 wherein the first 
sequence of parity polarities comprises odd, even. 

4. A method according to claim 2 wherein said at least one 
Sequence comprises a Second sequence: {odd, odd, even, 
even. 

5. A method according to claim 2 wherein Said at least one 
Sequence comprises a second sequence: {even, even, odd, 
odd). 

6. A method according to claim 4 wherein Said at least one 
sequence comprises a third sequence: {even, even, odd, 
odd). 

7. A method according to claim 2 wherein: 
the first sequence of parity polarities comprises odd, 
even; 

the at least one Sequence comprises a Second Sequence 
{odd, odd, even, even indicating a first type of data 
stream delineation and a third sequence even, even, 
odd, odd indicating a second type of data stream 
delineation. 

8. A method according to claim 2 wherein the encoded 
output is a Sequence of variable length packets and wherein 
the at least one data Stream delineation comprises a Start of 
packet data Stream delineation inserted at the Start of each 
packet. 

9. A method according to claim 8 wherein the at least one 
data Stream delineation further comprises an end of packet 
data Stream delineation inserted at the end of each packet. 

10. A method according to claim 2 wherein the encoded 
output is a Sequence of fixed length frames and wherein the 
at least one data Stream delineation comprises a start of 
frame data Stream delineation inserted at the Start of each 
frame. 

11. A method according to claim 7 wherein the encoded 
output is a Sequence of multi-frames each containing a 
respective Sequence of fixed length frames including a first 
frame and wherein the Second Sequence indicates a Start of 
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multi-frame data Stream delineation which is inserted in the 
first frame of each multi-frame and the third Sequence 
indicates a start of frame data Stream delineation which is 
inserted at the Start of each frame except the first frame. 

12. A method according to claim 2 further comprising: 
Scrambling a raw input bit Stream to produce Said input bit 

Stream. 

13. A method according to claim 2 further comprising 
transmitting other special code words each containing a 
known data content together with a known parity Sequence 
different from the first Sequence. 

14. A method according to claim 11 further comprising 
transmitting other special code words each containing a 
known data content together with a known parity Sequence 
different from the first Sequence. 

15. A method according to claim 14 wherein the Special 
code words comprise: 

a first Special code word indicating an idle State; 
a Second Special code word indicating an idle State during 

a multi-frame data Stream delineation; 
a third Special code word indicating an idle State during a 

frame data Stream delineation. 
16. A method according to claim 15 wherein the Special 

code words comprise: 
a first Special code word indicating an error State; 
a Second Special code word indicating an error State 

during a multi-frame data Stream delineation; 
a third special code word indicating an error State during 

a frame data Stream delineation. 
17. A method according to claim 1 further comprising: 
generating a plurality M of Serial encoded outputs using 

the method of claim 1, where M22, 
for each bit position in the plurality M of serial encoded 

outputs, computing a vertical parity bit for the bits in 
the bit position in the plurality of M serial encoded 
outputs; 

outputting the vertical parity bits thus computed in a 
Vertical parity channel. 

18. A method according to claim 2 further comprising: 
generating a plurality M of Serial encoded outputs using 

the method of claim 2, where M22, 
for each data bit position in the plurality M of serial 

encoded outputs, computing a vertical parity bit for the 
bits in the bit position in the plurality of M serial 
encoded outputs; 

encoding the vertical parity bits thus computed using the 
method of claim 2 and outputting a vertical parity 
channel. 

19. A method according to claim 2 further comprising: 
scrambling M raw input bit streams to produce M serial 

bit Streams with a Scrambling pattern; 
for each of the M Serial bit Streams generating a respective 

Serial encoded output using the method of claim 2, 
for each data bit position in the M raw input bit streams 

computing a vertical parity bit for the bits in the bit 
position in the M raw input bit streams, 
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Scrambling the Vertical parity bits with the Scrambling 
pattern to produce a Scrambled Sequence of Vertical 
parity bits, 

encoding the Scrambled Sequence of Vertical parity bits 
using the method of claim 2 and outputting a vertical 
parity channel. 

20. A method according to claim 19 further comprising: 

transmitting each of Said plurality M of Serial encoded 
outputs and the vertical parity channel on a respective 
physical channel, the vertical parity channel effectively 
functioning as a protection channel for the plurality M 
of Serial encoded outputs while also providing Some 
data correction capabilities. 

21. A method according to claim 20 further comprising: 

allocating the plurality M of Serial encoded outputs and 
the vertical parity channel collectively to a plurality of 
users in a time-division multiplexed manner. 

22. A method of encoding an input bit Stream to produce 
an encoded output comprising: 

generating a parity bit for each Set of four bits of the bit 
Stream and inserting the parity bit in the Serial encoded 
output in a predetermined position, where N>4, 

wherein a first Sequence of parity polarities is continu 
ously repeated to generate a repeating first Sequence of 
parity polarities, the repeating first Sequence used on an 
ongoing basis in generating the parity bits, the first 
Sequence including at least one even parity and one odd 
parity; 

wherein the encoded output is a Sequence of multi-frames 
each containing a respective Sequence of fixed length 
frames including a first frame, each frame comprising 
a plurality of ten bit slots including a first Slot and a 
Second slot, each slot containing eight data bits and two 
parity bits, 

indicating a start of each multi-frame by: 

if there is data to transmit during the first and Second 
Slot of the first frame of a multi-frame, indicating a 
Start of the multi-frame by inserting a Second 
Sequence of four parity polarities different from Said 
first Sequence and in place of Said first Sequence 
during the first and second slot of the first frame of 
the multi-frame, the Second Sequence of four parity 
polarities including a first two parity polarities and a 
Second two parity polarities, 

if there is data to transmit during the first slot of the first 
frame of the multi-frame and no data to transmit 
during the second slot of the first frame of the 
multi-frame, indicating a start of multi-frame by 
inserting a first Special ten bit idle code word during 
the Second slot and by inserting the first two parity 
polarities in place of Said first Sequence during the 
first slot, 

if there is data to transmit during the Second slot of the 
first frame of the multi-frame and there is no data to 
transmit during the first slot of the first frame of the 
multi-frame, indicating a start of multi-frame by 
inserting the first Special ten bit idle code word 
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during the first Slot and by inserting the Second two 
parity polarities in place of Said first Sequence during 
the Second slot; 

if there is no data to transmit during the first slot of the 
first frame of the multi-frame and there is no data to 
transmit during the Second slot of the first frame of 
the multi-frame, indicating a start of multi-frame by 
inserting the first Special ten bit idle code word 
during the first slot and during the Second slot in 
place of Said first Sequence during the first slot and 
the Second slot; 

indicating a start of each frame other than the first 
frame of a multi-frame by: 
if there is data to transmit during the first and Second 

slot of the frame, indicating a start of frame by 
inserting a third Sequence of four parity polarities 
different from Said first Sequence and in place of 
Said first Sequence during the first and Second slot 
of the frame, the third Sequence of four parity 
polarities including a first two parity polarities and 
a Second two parity polarities, 

if there is data to transmit during the first slot of the 
frame and no data to transmit during the Second 
slot of the frame, indicating a start of frame by 
inserting a Second Special ten bit idle code word 
during the Second Slot and by inserting the first 
two parity polarities of the third Sequence in place 
of Said first Sequence during the first Slot; 

if there is data to transmit during the Second slot of 
the frame and there is no data to transmit during 
the first slot of the frame, indicating a start of 
frame by inserting the Second Special ten bit idle 
code word during the first slot and by inserting the 
Second two parity polarities of the third Sequence 
in place of Said first Sequence during the Second 
slot; 

if there is no data to transmit during the first slot of 
the frame and there is no data to transmit during 
the Second slot of the frame, indicating a start of 
frame by inserting the Second Special ten bit idle 
code word during the first Slot and during the 
Second slot in place of Said first Sequence during 
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there is data to transmit during the Second slot of the 
first frame of the multi-frame, indicating a start of 
multi-frame by inserting the fourth Special ten bit 
error code word during the first Slot and by inserting 
the Second two parity polarities of the Second 
Sequence in place of Said first Sequence during the 
Second slot; 

if there is an error in respect of data to transmit during 
the first slot of the first frame of the multi-frame and 
there is an error in respect of data to transmit during 
the second slot of the first frame of the multi-frame, 
indicating a start of the multi-frame by inserting the 
third special ten bit error code word during the first 
Slot and during the Second slot in place of Said first 
Sequence during the first slot and the Second Slot; 

further indicating the Start of each frame other than the 
first frame of a multi-frame by: 
if there is data to transmit during the first slot of the 

frame and an error in respect of data to transmit 
during the Second slot of the frame, indicating a 
Start of frame by inserting a fifth special ten bit 
error code word during the Second slot and by 
inserting the first two parity polarities of the third 
Sequence during the first slot; 

if there is data to transmit during the Second slot of 
the frame and there is an error in respect of data to 
transmit during the first slot of the frame, indicat 
ing a start of frame by inserting the fifth Special ten 
bit error code word during the first slot and by 
inserting the Second two parity polarities of the 
third Sequence during the Second slot; 

if there is an error in respect of data to transmit 
during the first slot of the frame and there is an 
error in respect of data to transmit during the 
Second slot of the frame, indicating a start of frame 
by inserting the fifth special ten bit error code 
word during the first Slot and during the Second 
slot in place of Said first Sequence during the first 
slot and the Second slot; 

if there is an error in respect of a slot other than the 
first or Second slot, inserting a sixth Special code 
word. 

the first slot and the second slot; 24. A method according to claim 23 wherein 

if there is no data to transmit during a slot other than the first sequence is odd, even, 
the first or Second slot of any frame, inserting a 
third special code word. 

23. A method according to claim 22 further comprising: 

the second sequence is odd, odd, even, even, 
the third sequence is {even, even, odd, odd, 
the first special code word is 0101001110, 
the second special code word is 10001 00111, 
the third special code word is 00110 01000, 
the fourth special code word is 01100 11100, 
the fifth special code word is 11011 00100, 

further indicating the Start of each multi-frame by: 
if there is data to transmit during the first slot of the first 

frame of the multi-frame and there is an error in 
respect of data to transmit during the Second slot of 
the first frame of the multi-frame, indicating a start 
of multi-frame by inserting a fourth Special ten bit 
error code word during the Second slot and by 
inserting the first two parity polarities of the Second the sixth special code word is 00110 01000. 
Sequence in place of Said first Sequence during the 25. An encoder for encoding a Serial bit Stream to produce 
first slot, an encoded output the encoder comprising: 

if there is an error in respect of data to transmit during 
the first slot of the first frame of the multi-frame and 

a Scrambler adapted to Scramble the Serial bit Stream to 
produced a Scrambled Serial bit Stream; 
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a parity calculator adapted to generate a parity bit for each 
set of N bits of the scrambled serial bit stream and 
insert the parity bit in the Serial encoded output in a 
predetermined position, where N24, 

wherein a first Sequence of parity polarities is continu 
ously repeated to generate a repeating first Sequence of 
parity polarities, the repeating first Sequence used on an 
ongoing basis in generating the parity bits, the first 
Sequence including at least one even parity and one odd 
parity; 

wherein at least one data Stream delineation is inserted by 
inserting at least one Sequence of parity polarities 
different from Said first Sequence and in place of Said 
repeating first Sequence for bits in the Serial bit Stream 
at the at least one data Stream delineation. 

26. An encoder according to claim 25 wherein N=4 Such 
that a parity bit is computed for each nibble. 

27. An encoder according to claim 26 wherein the first 
sequence of parity polarities comprises odd, even. 

28. An encoder according to claim 27 wherein Said at least 
one sequence comprises a Second Sequence: {even, even, 
odd, odd. 

29. An encoder according to claim 28 wherein Said at least 
one sequence comprises a third sequence: {odd, odd, even, 
even. 

30. An encoder according to claim 29 wherein the second 
Sequence is used to indicate a start of packet boundary and 
the third Sequence is used to indicate an end of packet 
boundary. 

31. An encoder according to claim 26 adapted to, for each 
eight bits of the scrambled serial bit stream having bit 
positions one through eight, insert parity bits after the fourth 
bit position and after the eighth bit position. 

32. An encoder according to claim 31 further adapted to 
indicate other special code words by outputting a known 
data content together with a known parity Sequence different 
from the first Sequence. 

33. An encoder according to claim 32 wherein the Special 
code words comprise a first Special code word to indicate an 
idle code word, a Second Special code word to indicate an 
idle FDSD code word, and a third special code word to 
indicate an idle SDSD code word, a fourth special first code 
word to indicate an error and an FDSD, and a fifth special 
code word to indicate an error and an SDSD. 

34. An apparatus comprising: 
a plurality M of encoderS according to claim 19 each 

producing a respective Serial encoded output, where 
Me2; 

a vertical parity calculator adapted to, for each bit position 
in the plurality M of Serial encoded outputs, compute a 
vertical parity bit for the bits in the bit position in the 
plurality of M Serial encoded outputs; 

the apparatus having a vertical parity channel output 
containing the Vertical parity bits. 

35. An apparatus according to claim 34 having a plurality 
M+1 of physical channel outputs, the apparatus being 
adapted to output each of Said plurality M of Serial encoded 
outputs and the Vertical parity channel on a respective 
physical channel output, the vertical parity channel effec 
tively functioning as a protection channel for the plurality M 
of Serial encoded outputs while also providing Some data 
correction capabilities. 
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36. An apparatus according to claim 35 further compris 
ing: 

a time division multiplexercircuit adapted to allocate the 
plurality M of serial encoded outputs and the vertical 
parity channel collectively to a plurality of users in a 
time-division multiplexed manner. 

37. A method of decoding a received serial bit stream 
comprising: 

Summing each set of N+1 bits of the received serial bit 
Stream and determining if the result is even or odd to 
produce a parity Sequence of evens, and odds, where 
Ne4; 

determining that no errors have occurred if the parity 
Sequence obeys a known repeating first Sequence of 
parity polarities, the known repeating first Sequence 
including at least one even parity and one odd parity; 

the method further comprising: 
determining a data Stream delineation for a packet has 

been received if the Sequence of evens and odds 
contains at least known one Sequence of parity 
polarities which is different from Said first Sequence. 

38. A method according to claim 37 wherein N=4 Such 
that the received Serial bit stream contains a parity bit for 
each nibble. 

39. A method according to claim 37 wherein the first 
sequence of parity polarities comprises odd, even, and this 
Sequence is repeated on an ongoing basis as Said repeating 
first Sequence. 

40. A method according to claim 37 wherein said at least 
one sequence comprises a second sequence: {odd, odd, 
even, even. 

41. A method according to claim 37 wherein said at least 
one sequence comprises a Second sequence: {even, even, 
odd, odd. 

42. A method according to claim 40 wherein Said at least 
one sequence comprises a third sequence: {even, even, odd, 
odd). 

43. A method according to claim 38 wherein: 
the first sequence of parity polarities comprises odd, 

even}, and this sequence is repeated on an ongoing 
basis as Said repeating first Sequence; 

the at least one Sequence comprises a Second Sequence 
{odd, odd, even, even and a third sequence even, 
even, odd, odd). 

44. A method according to claim 37 wherein the at least 
one data Stream delineation comprises a Start of packet and 
an end of packet, with a respective Sequence being used to 
indicate each of the Start of packet and the end of packet. 

45. A method according to claim 43 wherein the at least 
one data Stream delineation comprises a Start of packet and 
an end of packet, with a respective one of the first and 
Second Sequences being used to indicate each of the Start of 
packet and the end of packet. 

46. A method according to claim 37 further comprising: 

extracting data bits from the received Serial bit Stream to 
produce a Scrambled received bit Stream; 

descrambling the Scrambled received bit Stream to pro 
duce a decoded received bit Stream. 
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47. A method according to claim 37 further comprising: 
on an ongoing basis Searching for other special code 
words in the received Serial bit stream, the other special 
code words containing a known data content together 
with a known parity Sequence different from the first 
Sequence. 

48. A method according to claim 37 further comprising: 
processing the received Serial bit Stream to determine 
where in the received bit stream transmitted parity bits 
should be located. 

49. A method according to claim 48 wherein processing 
the received serial bit stream to determine where in the 
received bit stream transmitted parity bits should be located 
comprises: 

for each possible rotation of the received bit stream (there 
being N--1XK possible rotations, K being the length of 
one period of the repeating first Sequence) for each 
parity location for the given rotation, determining if the 
parity location is correct and if So, adding one to a Sum 
being maintained for that rotation; 

after Some period of time, Selecting the rotation having the 
largest Sum as being the correct rotation. 

50. A method according to claim 48 wherein processing 
the received serial bit stream to determine where in the 
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received bit stream transmitted parity bits should be located 
comprises: 

for each possible rotation of the received bit stream (there 
being N--1XK possible rotations, K being the length of 
one period of the repeating first Sequence) for each 
parity location for the given rotation, determining if the 
parity location is incorrect and if So, adding one to a 
Sum being maintained for that rotation; 

after Some period of time, Selecting the rotation having the 
Smallest Sum as being the correct rotation. 

51. A method according to claim 37 further comprising: 

receiving a plurality M of Serial encoded outputs using the 
method of claim 31, where Me2, and receiving a 
Vertical parity channel containing parity bits computed 
bitwise between corresponding bit positions of the 
plurality M of Serial encoded outputs; 

making error corrections on the basis of the parity calcu 
lations and the Vertical parity calculations when 
together they uniquely define an error position in one of 
the M serial encoded outputs. 


