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OPTIMAL BIT ALLOCATION SYSTEM FOR 
REED-SOLOMON CODED DATA 

BACKGROUND OF THE INVENTION 

0001. The present invention relates generally to a method 
and apparatus for providing a forward error correction 
Scheme for data transmission and Specifically to an 
improved method for Selecting error correction parameters. 
0002 The increasing volume of information communi 
cated electronically has taxed the capacity of the commu 
nications infrastructure. One form of high-speed communi 
cation is Digital Subscriber Line (DSL) technology. DSL 
uses an infrastructure that already exists, namely, copper 
twisted pair lines typically used for telephone communica 
tion. However, only a small portion of the available band 
width of the twisted pair line (0 to 4 kHz) is used for Plain 
Old Telephone Service (POTS). DSL takes advantage of the 
available frequency Spectrum from 4 kHz to approximately 
1.1 MHz for transmitting data over relatively short reaches. 
0003) Asymmetric DSL (ADSL) is the most widely 
implemented form of DSL technology. ADSL is asymmetric 
in that its downstream (to a Subscriber) capacity is larger 
than its upstream (from the Subscriber) capacity. Typically, 
a Discrete Multi-Tone (DMT) scheme is used. The spectrum 
from 4 kHz to 1.1 MHz is divided into 256 Sub-channels, or 
tones, each having a bandwidth of 4.3125 kHz. 
0004. It is well known that the performance of an ADSL 
modem is generally limited by cross-talk. In order to 
improve System performance and capacity, an error-correct 
ing code Such as the Reed-Solomon (RS) code is used. Using 
error-correcting codes, a higher data rate or longer loop 
reach can be achieved for the same level of transmitted 
Signal power. However, this can be optimized only by 
Selecting appropriate error-correcting code parameters, Such 
as code-word length (n) and redundant, or parity, length (r). 
0005 If large values are selected for the code-word 
length n and redundant length r, large coding gain can be 
achieved from error-correcting codes. However, a large 
value for r will have a large overhead loss. This leads to a 
trade-off in the choice of the value for r. Further, the 
Selection of error-correcting code parameters depends on the 
transmission environment Such as Signal-to-noise ratio 
(SNR) distribution over multiple DMT tones. Thus, in 
practice the Selection of the best possible error-correcting 
code parameters is very difficult. 
0006 Furthermore, this difficulty is not confined to DSL, 
but also applies to other communications technologies, Such 
as cable modems, CD and DVD players, digital audio and 
broadcast, HDTV/Digital TV, data storage, wireless com 
munications, wireleSS enabled personal digital assistants, 
digital Satellite communication and broadcast, and Redun 
dant Array of Independent Disk (RAID) controllers with 
fault tolerance. 

0007. It is an object of the present invention to obviate or 
mitigate the above-mentioned difficulties. 

BRIEF SUMMARY OF THE INVENTION 

0008 According to an embodiment of the invention, in a 
data communication System an iterative method is provided 
for dynamically determining parameters for a forward error 
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correction (FEC) coding Scheme for optimizing data trans 
mission in a Specific environment. A specific method com 
prises the Steps of establishing a relationship between the 
FEC parameters and a coding gain; initializing the coding 
gain to a minimum predetermined value; using the relation 
ship between the parameters and the coding gain to deter 
mine an intermediate Set of parameters for providing a 
preferred result for the coding gain; incrementing the value 
of the coding gain by a predetermined amount; repeating the 
previous StepS until the coding gain reaches a predefined 
maximum value; and determining a preferred Set of param 
eters from the intermediate Sets of parameters, wherein the 
preferred set of parameters provides the forward error cor 
rection Scheme with an optimal Set of values for balancing 
code length and error rate. In a specific embodiment a 
Reed-Solomon code is employed. 
0009. The invention will be better understood by refer 
ence to the following detailed description in connection with 
the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. An embodiment of the present invention will now 
be described by way of example only with reference to the 
following drawings in which: 
0011) 
word; 
0012 FIG. 2 is a flowchart illustrating a bit allocation 
Scheme, 
0013 FIG. 3 is a flowchart illustrating an alternate bit 
allocation Scheme, 
0014 FIG. 4 is a flowchart illustrating yet an alternate bit 
allocation Scheme, 

FIG. 1 is a block diagram of a Reed-Solomon code 

0.015 FIG. 5 is a flowchart illustrating yet an alternate bit 
allocation Scheme, and 
0016 FIG. 6 is a block diagram of an ADSL modem 
implementing the processes of FIGS. 2-5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0017 Referring to FIG. 1, a block diagram of a code 
word is illustrated generally by numeral 100. In the present 
invention, a Reed-Solomon (RS) code is specified as RS 
(n,r), where n is the code length (also referred to as the size) 
of the code word, in Symbols, and r is a number of redundant 
symbols in the code word. Therefore, the total number of 
information Symbols is n-r. In the present embodiment, each 
Symbol comprises eight bits, So the terms parity Symbol and 
parity byte, and information Symbol and information byte, 
may be used interchangeably. Further, for an eight-bits/ 
symbol system, the maximum code word size is 2-1=255. 
An RS decoder can correct up to t Symbols that contain 
errors in a code word, where 2t=r. 
0018. The probability of an error remaining in decoded 
data is typically much lower where RS codes are used. 
Therefore, for two Systems transmitting at the Same power, 
a communication System using RS codes can transmit data 
of a Selected bit error rate farther than a System that does not 
employ RS codes. The term “coding gain” refers to the 
difference in power that the non-error correcting System 
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would require to transmit data of a specified bit error rate as 
compared to the power required by the error correcting 
System. 

0019. The following describes a bit allocation process for 
RS coded data. The process determines the RS code that best 
maximizes the transmitted data rate and minimizes the 
transmitted power. Other constraints, Such as impulse noise 
protection and maximum latency, are included as well. 
0020 Referring to FIG. 2, a flowchart illustrating the 
steps of the process is illustrated generally by numeral 200. 
At Step 202, a groSS coding gain G of the RS code is 
pre-calculated for different values of code-word length n and 
redundant length r. A relationship between the gain G, the 
code word length n, and the redundant length r is established 
and recorded. The relationship is recorded either as a table 
or represented by a mathematical expression, Such as a 
polynomial approximation. If a table is used for representing 
the relationship, the row/column entries are code word 
length n and redundant length r, and the table content is the 
grOSS coding gain of the RS code for the associated code 
word length n and redundant length r. If a polynomial 
expression is used for representing the relationship, the 
grOSS coding gain can be calculated as a function of the code 
word length n and redundant length r. 

0021. At step 204, a total number of bits that can be 
transmitted over all DMT tones for one DMT symbol when 
RS code is not used is calculated using the following 
equation: 

(1) i SNR, bo = log.( -- 

0022. In Equation (1), SNR is a signal-to-noise ratio 
(SNR) for a k" tone, T is an energy gap associated with 
quadrature amplitude modulation (QAM) and a required bit 
error rate (BER), Y is a required margin for guaranteeing a 
BER performance with some noise tolerance, and M is the 
number of DMT tones used over one DMT symbol. A total 
number of bytes Bo that can be transmitted over one DMT 
symbol is calculated as the highest multiple of 8 that is lower 
than bo by taking Bo=bo (div 8). 
0023. At step 206, the gross coding gain G is initialized 
as G=G, where Gi is the minimum desired groSS coding 
gain for all possible values of the code word length n and the 
parity length r. 

0024. Then, at step 208, in accordance with the gross 
coding gain G, a total number of bits b that can be trans 
mitted over all tones of one DMT symbol is calculated using 
the following equation: 

(2) 

0.025 A total number of bytes B that can be transmitted 
over one DMT symbol is calculated as the highest multiple 
of 8 that is lower than b by taking B=b (div 8). For the 
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present embodiment, only the integer portion ofb divided by 
B is used because for G.992. 1 and G.992.2 compliant 
modems, the number of bits that a DMT symbol can carry 
is restricted to a multiple of eight. Thus, the DMT symbol 
can carry an integer number of bytes. 
0026. At step 210, all code pairs RS (n, r) that can provide 
a groSS coding gain not less than Gare found and Stored. The 
code word n is transmitted over S symbols, where n=BS. In 
accordance with ADSL G.lite and G.dmit standards, the 
number of symbols S comprises the set S e{1,2,4,8,16}). In 
accordance with the ADSL G.lite standard, the number of 
redundant bytes r comprises the set r e4,8,16}. In accor 
dance with the ADSL G.dmit standard, the number of redun 
dant bytes is r, where re{2,4,6,8,10,12,14,16). The number 
of redundant bytes r is divisible by the number of symbols 
S, Such that r modulo S=0. As all possible combinations of 
r and S in the available Set might not result in an integer for 
r modulo S, these values are discarded by the process, 
because they would result in a non-integer number of bytes 
per DMT symbol. 

0027) For different values of the code word length n=BS 
and redundant length r, the groSS coding gain is obtained 
either by look-up table or by mathematical calculation. The 
table or mathematical function is obtained from step 202. 
For each code pair RS (n, r) providing a gross coding gain 
not leSS than G, a number of information bytes per Symbol 
B(G) is calculated as Bf (G)=B-r/S. In Step 212, the code 
pair RS (n, r) having the largest number of information bytes 
per Symbol B (G) available is selected as the best code pair 
Binf as local (G). Note that the best code pair Binf as 
local (G) for each iteration has a corresponding gross coding 
gain G and code pair RS (n, r). The values for G, B, 
local (G) and the pair RS (n, r) are stored in a memory. 
0028) If other (external) factors such as a delay or 
impulse noise protection requirements are considered, the 
selection of S and r is limited by those factors. For example, 
if protection against an error burst longer than P bytes is 
desired, the constraint to be used is rD/2>P, where D is an 
interleaver depth of an inner interleaver associated with the 
RS code. If a maximum latency of the system is to be less 
than L. ms, then the constraint to be used is 

(S - 1) S. D 
-- - - 3 Limax x + - 4 

0029 where X is a constant system delay in milliseconds. 
Modifications of this nature in the selection of S and r are 
known, and their use in the present invention will be 
apparent to a perSon Skilled in the art. 
0030. At step 214, the value of the gross coding gain G 
is incremented by AG. Steps 208 through 212 are repeated 
until the groSS coding gain G is greater than or equal to a 
maximum grOSS coding gain Value Ga. The maximum 
grOSS coding gain G is the maximum groSS coding gain 
for all possible values of the code word length n and 
redundant length r. 
0031. At step 216, once the groSS coding gain has equaled 
or exceeded the maximum groSS coding gain G, the 
largest value for the number of information bytes per symbol 
B (G) is found for all values of G. That is, for all values 
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of the groSS coding gain G from Gi 3X 
AG, the values of Bif a (G) are compared. The code 
pair RS (n, r) having the largest number of information bytes 
per Symbol Bf associated with it is selected. The 
largest number of bytes per Symbol Bf a for a groSS 
coding gain between G, and G is the maximum number 
of information bytes that can be transmitted over one DMT 
Symbol, and its associated code pair RS (n, r) are the best 
parameters to Support it. 

to G. With Step size 

0032. A final step 218 compares the largest number of 
bytes per Symbol Bf with the maximum number of 
bytes per symbol Bo had the RS code not been used. This 
comparison ensures that the RS code improves the capacity 
of the transmission. If the largest number of bytes per 
symbol B is less than Bo, then the RS code should not 
be used. 

0033. In an alternate embodiment, trellis-coded modula 
tion (TCM) is used over all tones of one DMT symbol. The 
pre-calculated grOSS coding gain is the grOSS coding gain of 
the RS code over TCM QAM, not conventional OAM. 
Therefore, the coding gain from TCM needs to be included 
in the calculation of number of bits per DMT symbol in 
Equations (1) and (2). It should be noted that the table for RS 
coding over QAM differs from the table to be used for RS 
coding over TCM-QAM. Therefore, a new table is computed 
and Stored as required. 

inf max 

0034. Using Equations (1) and (2) to calculate the num 
ber of bits over one DMT symbol can be complicated. 
Therefore, in an alternate embodiment, the SNR thresholds 
(with or without coding gain) are pre-calculated for different 
QAM sizes. The SNR for each tone is quantized to deter 
mine the number of bits to be transmitted with a minimum 
change in power on the tone while maintaining an average 
power for all tones that does not increase. 

0035) The use of SNR thresholds to determine the num 
ber of bits to be transferred is known in the art and, therefore, 
will not be discussed in great detail. Generally, in order to 
determine a number of bits (b) that a bin with a given SNR 
can support, the SNR in the bin is compared with 15 
thresholds. Each of the thresholds represents a constellation 
size up to 15 bits per constellation. The number of bits b, is 
set to be the constellation size (that is, the number of bits 
carried in that constellation) whose SNR threshold is closest 
to the bin SNR. The thresholds are computed in accordance 
with the following equation: 

(2-1)Ty 
SNRThresh (b) = G b = 1,2,..., 15 

0036) Referring to FIG. 3, a flowchart for yet another 
alternate embodiment is illustrated generally by numeral 
300. Searching for the final optimal solution, that is, Bf 
max and its associated parameters, is implemented differently 
than in previous embodiments. Rather than Storing each 
maximum number of information bytes per Symbol B for 
different values of G and then comparing all Stored numbers 
once the value of G, is exceeded, Bif is continuously 
updated. That is, for example, the value of Bf for G, is 
Stored as Bif a. For each of the following iterations, 
B. is only replaced if the value of Bf has a greater value. inf-max 
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The above-described procedure is performed in step 302. 
The other steps in the process 300 are equivalent to those in 
the process 200 of FIG. 2 and their details are not repeated. 

0037 Referring to FIG. 4, a flowchart for yet another 
alternate embodiment is illustrated generally by numeral 
400. The speed of the process may be enhanced by checking 
the value of the maximum number of bits per symbol B, in 
step 402. If the value for B increases once the code gain G 
is increased, then the process proceeds as previously 
described. If, however, the new value for B does not increase 
once the code gain G is increased, the Steps 210 to 212 are 
skipped and the value for G is incremented again. The other 
Steps in the proceSS 400 are equivalent to those in the process 
300 of FIG. 3 and their details are not repeated. 

0038) Referring to FIG. 5, a flowchart for yet another 
alternate embodiment is illustrated generally by numeral 
500. The speed of the process may be enhanced by stopping 
the iterations once a predetermined level has been reached. 
For example, if the maximum number of bytes per symbol 
B. does not increase once the code gain is increased, the 
final optimal Solution Bf is Set to higher Value of Bf 
and the proceSS is terminated. This can be seen in the process 
500 by the process flowing directly from step 402 to step 218 
when the condition of step 402 is not met. (Compare this 
with the process 400 of FIG. 4 which does not flow directly 
from step 402 to step 218 when the condition is not met.) 
The other steps in the process 500 are equivalent to those in 
the process 400 of FIG. 4 and their details are not repeated. 

0039 FIG. 6 is a block diagram of an ADSL modem 600 
that implements one or more of the above-described pro 
cesses. The ADSL modem 600 includes a processor 602 and 
a memory 604. The memory 604 stores various data such as 
the parameters G, B, n and r, and the data to be transmitted. 
The processor 602 implements one or more of the processes 
200, 300, 400 or 500. The processor 602 may also code the 
data to be transmitted according to the resulting preferred Set 
of parameters and may generate code words 100 correspond 
ing thereto. 

0040 Although the ADSL modem 600 is illustrated with 
the processor and memory being Separate, according to 
another embodiment they may be together. According to 
another embodiment, the processor 602 may be imple 
mented as a dedicated processor or application-specific 
integrated circuit that is pre-configured to perform the 
above-described processes. According to yet another 
embodiment, the processor 602 may be implemented as a 
more general device that executes a computer program, 
microcode, or other Software in order to perform the above 
described processes. In Such a case, the computer program 
may be stored in the memory 604 or on some other com 
puter-readable medium Such as a floppy disk, hard drive or 
CD-ROM. 

0041 Although the preferred embodiments have been 
described with specific reference to ADSL modems, those 
skilled in the art will appreciate that it can be applied to other 
implementations of RS coding such as other DSL technolo 
gies (xDSL), cable modems, CD and DVD players; digital 
audio end broadcast, HDTV/Digital TV, data storage, wire 
leSS communications, wireleSS enabled personal digital 
assistants, digital Satellite communication and broadcast, 
Redundant Array of Independent Disk (RAID) controllers 
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with fault tolerance, and the like, without departing from the 
Spirit and Scope of the invention as outlined in the claims 
appended hereto. 

What is claimed is: 
1. An iterative method for determining parameters for a 

forward error correction Scheme for improving the quality of 
a data transmission, Said method comprising the Steps of: 

(a) establishing a relationship between said parameters 
and a coding gain; 

(b) initializing said coding gain to a minimum predeter 
mined value; 

(c) determining, based on said relationship between said 
parameters and Said coding gain, an intermediate Set of 
parameters for providing a preferred result for Said 
coding gain; 

(d) incrementing a value of Said coding gain by a prede 
termined value and repeating Said step (c) until said 
coding gain reaches a predefined maximum value, 
thereby determining a plurality of intermediate Sets of 
parameters, and 

(e) determining a preferred set of parameters from said 
plurality of intermediate Sets of parameters, wherein 
Said preferred Set of parameters provides Said forward 
error correction Scheme with an optimal Set of values 
for balancing a code length and an error rate of Said 
data transmission. 

2. A method as defined in claim 1, wherein said step (a) 
of establishing Said relationship between Said parameters 
and Said coding gain comprises: 

(a1) calculating said coding gain for a plurality of asso 
ciated parameters, and 

(a2) Storing results of Said step (a1) in a table. 
3. A method as defined in claim 1, wherein said step (a) 

of establishing Said relationship between Said parameters 
and Said coding gain comprises: 

(a1) calculating said coding gain for a plurality of asso 
ciated parameters, and 

(a2) determining an equation that approximates all results 
from said step (a1). 

4. A method as defined in claim 1, wherein said step (c) 
of determining Said intermediate Set of parameters com 
prises: 

calculating a maximum number of bytes per Symbol B 
including Said coding gain; 

locating all parameters that Satisfy Said value of Said 
coding gain; and 

Selecting, as Said intermediate Set of parameters, and 
using Said maximum number of bytes per Symbol B, a 
Set of parameters that provides a best performance. 

5. A method as defined in claim 4, wherein said best 
performance is defined by Said Set of parameters that yields 
a largest number of information bytes. 

6. A method as defined in claim 1, wherein said step (e) 
of determining Said preferred set of parameters comprises: 

comparing all of Said plurality of intermediate Sets of 
parameters, and 
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Selecting as Said preferred Set of parameters said inter 
mediate Set of parameters that provides a best perfor 

CC. 

7. A method as defined in claim 6, wherein said best 
performance is defined by Said Set of parameters that yields 
a largest number of information bytes. 

8. A method as defined in claim 7, wherein said largest 
number of information bytes is compared with a maximum 
number of bytes Bo had said forward error correction 
Scheme not been implemented, for determining whether to 
use Said forward error correction Scheme. 

9. A method as defined in claim 1, wherein said step (c) 
of determining Said intermediate Set of parameters is further 
based on external factors, wherein Said external factors 
include delay and noise protection. 

10. An iterative method for determining parameters for a 
forward error correction Scheme for improving the quality of 
a data transmission, Said method comprising the Steps of: 

(a) establishing a relationship between said parameters 
and a coding gain; 

(b) initializing said coding gain to a minimum predeter 
mined value; 

(c) determining, based on said relationship between said 
parameters and Said coding gain, an intermediate Set of 
parameters for providing a preferred result for Said 
coding gain; 

(d) replacing a preferred set of parameters with said 
intermediate set of parameters if said intermediate set 
of parameters provides a better performance, wherein 
Said preferred set of parameters provides Said forward 
error correction Scheme with an optimal Set of values 
for balancing a code length and an error rate of Said 
data transmission; and 

(e) incrementing a value of Said coding gain by a prede 
termined value and repeating said steps (c) and (d) until 
Said coding gain reaches a predefined maximum value. 

11. A method as defined in claim 10, wherein said better 
performance is defined as a set of parameters yielding a 
larger number of information bytes. 

12. A method as defined in claim 10, wherein said step (c) 
of determining Said intermediate Set of parameters com 
prises: 

calculating a maximum number of bytes per Symbol B 
including Said coding gain; 

locating all parameters that Satisfy Said value of Said 
coding gain; and 

Selecting, as Said intermediate Set of parameters, and 
using Said maximum number of bytes per Symbol B, a 
Set of parameters that provides a best performance. 

13. A method as defined in claim 10, wherein said step (c) 
of determining Said intermediate Set of parameters com 
prises: 

calculating a maximum number of bytes per Symbol B 
including Said coding gain; and 

Selectively skipping said step (d) when a value of Said 
maximum number of bytes per symbol B is less than or 
equal to a previous value of Said maximum number of 
bytes per symbol B. 
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14. A method as defined in claim 10, wherein said step (c) 
of determining Said intermediate Set of parameters com 
prises: 

calculating a maximum number of bytes per Symbol B 
including Said coding gain; 

Selectively skipping said steps (d) and (e) when a value of 
said maximum number of bytes per symbol B is less 
than or equal to a previous value of Said maximum 
number of bytes per symbol B. 

15. An apparatus for determining parameters for a forward 
error correction Scheme for improving the quality of a data 
transmission, Said apparatus including a processor to imple 
ment processing including the Steps of 

(a) establishing a relationship between said parameters 
and a coding gain; 

(b) initializing said coding gain to a minimum predeter 
mined value; 

(c) determining, based on said relationship between said 
parameters and Said coding gain, an intermediate Set of 
parameters for providing a preferred result for Said 
coding gain; 

(d) incrementing a value of Said coding gain by a prede 
termined value and repeating Said step (c) until said 
coding gain reaches a predefined maximum value, 
thereby determining a plurality of intermediate Sets of 
parameters, and 

(e) determining a preferred set of parameters from said 
plurality of intermediate Sets of parameters, wherein 
Said preferred Set of parameters provides Said forward 
error correction Scheme with an optimal Set of values 
for balancing a code length and an error rate of Said 
data transmission. 

16. An apparatus for determining parameters for a forward 
error correction Scheme for improving the quality of a data 
transmission, Said apparatus including a processor to imple 
ment processing including the Steps of 

(a) establishing a relationship between said parameters 
and a coding gain; 

(b) initializing said coding gain to a minimum predeter 
mined value; 

(c) determining, based on said relationship between said 
parameters and Said coding gain, an intermediate Set of 
parameters for providing a preferred result for Said 
coding gain; 

(d) replacing a preferred set of parameters with said 
intermediate Set of parameters if Said intermediate Set 
of parameters provides a better performance, wherein 
Said preferred Set of parameters provides Said forward 
error correction Scheme with an optimal Set of values 
for balancing a code length and an error rate of Said 
data transmission; and 

(e) incrementing a value of Said coding gain by a prede 
termined value and repeating said steps (c) and (d) until 
Said coding gain reaches a predefined maximum value. 

Oct. 3, 2002 

17. An apparatus as defined in claim 16, wherein Said Step 
(c) of determining said intermediate set of parameters com 
prises: 

calculating a maximum number of bytes per Symbol B 
including Said coding gain; 

locating all parameters that Satisfy Said value of Said 
coding gain; and 

Selecting, as Said intermediate Set of parameters, and 
using Said maximum number of bytes per Symbol B, a 
Set of parameters that provides a best performance. 

18. An apparatus as defined in claim 16, wherein Said Step 
(c) of determining said intermediate set of parameters com 
pr1SeS: 

calculating a maximum number of bytes per Symbol B 
including Said coding gain; and 

Selectively skipping said step (d) when a value of Said 
maximum number of bytes per symbol B is less than or 
equal to a previous value of Said maximum number of 
bytes per symbol B. 

19. An apparatus as defined in claim 16, wherein Said Step 
(c) of determining said intermediate set of parameters com 
prises: 

calculating a maximum number of bytes per Symbol B 
including Said coding gain; and 

Selectively skipping said steps (d) and (e) when a value of 
said maximum number of bytes per symbol B is less 
than or equal to a previous value of Said maximum 
number of bytes per symbol B. 

20. An apparatus for determining parameters for a forward 
error correction Scheme for improving the quality of a data 
transmission, comprising: 

first means for establishing a relationship between Said 
parameters and a coding gain; 

Second means for initializing Said coding gain to a mini 
mum predetermined value; 

third means for determining, based on Said relationship 
between Said parameters and Said coding gain, an 
intermediate Set of parameters for providing a preferred 
result for Said coding gain; 

fourth means for incrementing a value of Said coding gain 
by a predetermined value and for repeating a function 
of Said third means until Said coding gain reaches a 
predefined maximum value, thereby determining a plu 
rality of intermediate Sets of parameters, and 

fifth means for determining a preferred Set of parameters 
from Said plurality of intermediate Sets of parameters, 
wherein Said preferred Set of parameters provides Said 
forward error correction Scheme with an optimal Set of 
values for balancing a code length and an error rate of 
Said data transmission. 

21. An apparatus for determining parameters for a forward 
error correction Scheme for improving the quality of a data 
transmission, comprising: 

first means for establishing a relationship between Said 
parameters and a coding gain; 

Second means for initializing Said coding gain to a mini 
mum predetermined value; 
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third means for determining, based on Said relationship 
between Said parameters and Said coding gain, an 
intermediate Set of parameters for providing a preferred 
result for Said coding gain; 

fourth means for replacing a preferred set of parameters 
with Said intermediate Set of parameters if Said inter 
mediate Set of parameters provides a better perfor 
mance, wherein Said preferred Set of parameters pro 
vides Said forward error correction Scheme with an 
optimal Set of values for balancing a code length and an 
error rate of Said data transmission; and 

fifth means for incrementing a value of Said coding gain 
by a predetermined value and for repeating a function 
of Said third means and a function of Said fourth means 
until Said coding gain reaches a predefined maximum 
value. 

22. An apparatus as defined in claim 21, wherein Said third 
means for determining Said intermediate Set of parameters 
comprises: 

means for calculating a maximum number of bytes per 
Symbol B including Said coding gain; 

means for locating all parameters that Satisfy Said value of 
Said coding gain; and 
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means for Selecting, as Said intermediate Set of param 
eters, and using Said maximum number of bytes per 
Symbol B, a set of parameters that provides a best 
performance. 

23. An apparatus as defined in claim 21, wherein Said third 
means for determining Said intermediate Set of parameters 
comprises: 
means for calculating a maximum number of bytes per 

Symbol B including Said coding gain; and 
means for Selectively skipping Said function of Said fourth 
means when a value of Said maximum number of bytes 
per Symbol B is less than or equal to a previous value 
of said maximum number of bytes per symbol B. 

24. An apparatus as defined in claim 21, wherein Said third 
means for determining Said intermediate Set of parameters 
comprises: 
means for calculating a maximum number of bytes per 

Symbol B including Said coding gain; and 
means for Selectively skipping Said function of Said fourth 
means and a function of Said fifth means when a value 
of said maximum number of bytes per symbol B is less 
than or equal to a previous value of Said maximum 
number of bytes per symbol B. 
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