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Appendix A Another Syndrome Trellis Construction Technique 

Appendix A 

Another Syndrome Trellis Construction 

Technique 

A.I Introduction 

In Section 3.3 of Chapter 3 a method ofconstructing a syndrome trellis diagram 

as proposed by Wolf was described. In this Appendix, another method of 

constructing the syndrome trellis diagram will be investigated. The method is 

similar to the one described by Wolf, but in this method, the syndromes of the 

parity check matrix are directly used to construct the trellis diagram. 

In order to ensure complete understanding of this method, an example to 

illustrate the various steps is provided. 

A.2 Generation of the Code Book 

Consider the following binary linear block code (5,3,2) with the following parity 

check matrix: 

1 0 1 
(A.I)o 1 0 

with n = 5, k = 3 and (n - k) = 2. 

By using the above mentioned values for n, k and (n - k) together with definitions 

from Chapter 2, the following parameters can be calculated. Firstly, the number 

of code words is, 
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(A.2) 


and the number of states are: 

2n k 25 3 
- = - = 22 = 4 (A.3) 

As shown in Appendix B, it is possible to obtain the generator matrix G from the 

parity check matrix H of a given block code C. The reverse is of course also 

possible, provided that the parity check matrix is in the systematic form, or 

transformed into the systematic form first. 

For further information on this transformation, Appendix 3 should be consulted. 

As mentioned above, the reverse process (generator matrix G from parity check 

matrix H) would look as follows. Note that the parity check matrix was already 

in systematic form which means that there is no need to first transform the parity 

check matrix into systematic form before the generator matrix is calculated. 

o o1 

1 o1 (A.4) 

o 1 0 ~l 
The code book can now be constructed by calculating the result of taking all the 

possible linear combinations of the generator matrix. 

In other words, each row is Modula-2 added to every other row. The resulting 

output vector is one of the codewords in the code book. Noting that it is a linear 

code, it is also necessary to consider the all zero state. The following is a list of 

all the codewords and their associated code bits. 
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cI = 1 0 0 1 1 = CII C I2 Cl3 CI4 CI5 


C - 0 1
2 - 1 0 0 = C2l C22 C23 C24 C25 


C3 -- 0 0 1 0 1 C32 C33 C34 
= C31 C3S 


C -- 1 1 0 0 1 [1 E8 2]
4 = C4l C42 C43 C44 C45 
(A.5)

C -- 1 0 1 1 0 = [1 E8 3]5 CS1 CS2 C53 C54 C55 

= 0 1 1 1 1 [2 E8 3]C6 = C61 C62 C63 C64 C65 


C - 1 1 1 0 0 [1E82E83]
7 - = C71 cn c73 C74 C75 


C - 0 0 0 0 [All 0]
S - 0= CSI CS2 CS3 C84 C85 

The above list contains all the possible codewords. We are now ready to proceed 

to the next step. 

A.3 Calculation of the Syndromes 

The next step in the process is to calculate the syndromes for each of the code 

words. 

In order to evaluate the syndromes, some definitions would be in order here. 

Syndrome SIn is defined as follows: 

(A.6) 

The transformed codeword is defined below: 

C

CII = (CII 0 0 0 0) 

I2 =(C1I C I2 0 0 0) 

(A.7) 

Centre for Radio and Digital Communication (CRDC) 

Department of Electrical and Electronic Engineering 

University of Pretoria 139 



Appendix A Another Syndrome Trellis Construction Technique 

• Consider codeword Cl = (C ll Cl2 cn Cl4 CIS) = [1 0 0 1 1] 

Start with the first transformed codeword. This is used to calculate the 

first syndrome . 

~ T (
S11 = CII . H = 1 0 0 0 0) . 

1 1 

1 0 

0 1 = (1 1) = ~3 (A.8) 

1 0 

0 1 

Using the other transformed codewords, the other syndromes are 

calculated. 

1 1 

1 0 
~ T ( 0 1Sl2 = CI2 . H = 1 0 0 0 0). = (1 1) = ~3 (A.9) 

1 0 

0 1 

1 1 

1 0 
~ T ( 0 1SI3 = = 1 0 0 0 0). = (1 1) = S3 (A.IO)Cl3 . H 

1 0 

0 1 
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1 1 

1 0 
~ T ( 0 1SI4 = Cl4 . H = 1 0 0 1 0) = (0 1) = ~1 (A.II) 

1 0 

0 1 

1 1 

1 0 
~ T ( = (0 (A.12)0 1SJ 5 = CI5 . H = 1 0 0 1 1) . 0) = ~o 

1 0 

0 1 

• Consider codeword C2 = (C21 c22 c23 C24 C25 ) = [0 1 0 1 0] 
Due to space limitations, only the calculated syndromes for the rest of the 

codes will be displayed. 

~ T ( )
S21 = C21 . H = 0 0 = ~o (A.13) 

(A.14) 

(A.15) 

0) = ~o (A.16) 
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(A.17) 

• Consider codeword C3 = =[0 0 1 0 1 ] (C31 C32 C33 C34 C35 ) 

The syndromes for this codeword are given below. 

0) = ~o (A. IS) 

0) = ~o (A.19) 

(A.20) 

1) = ~l (A.2I) 

~ T (
S35 = C35 · H = 0 0) = ~o (A.22) 

• Consider codeword C4 = (C41 C43 C45 ) = [1 1 0 0 1]C42 C44 

The syndromes are given below. 

~ T (
S41 = C41 . H = 1 1) = ~3 (A.23) 

~ T (
S42 = C42 . H = 0 1) = ~1 (A.24) 

~ T (
S43 = C43 . H = 0 1) = ~l (A.25) 
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S44 = C- 44 . H T = ( 0 1) = SI (A.26) 

S45 = C- 45 · H T = ( 0 0) = SO (A.27) 

• 	 Consider codeword C5 = (C51 C52 C53 C54 C55 ) = [1 0 1 1 0] 
The appropriate syndromes for this code are listed below. 

1) = S3 	 (A.28) 

1) = S3 	 (A.29) 

(A.30) 


(A.31) 


(A.32) 


• 	 Consider codeword C6 = J = [0 1 1 1 1](C61 	 C62 C63 C64 c6

The syndromes for this codeword are given below. 

0) = So (A.33) 

0) = S2 (A.34) 

Centre for Radio and Digital Communication (CRDC) 

Department of Electrical and Electronic Engineering 

Universi ty of Pretoria 143 



Appendix A Another Syndrome Trellis Construction Technique 

(A.35) 

T (0 1) (A.36) 

·H T = (0 0) = ~O (A.37) 

Consider codeword C7 - (C71 c73 C74 ) - [1 1 1 0 0] 
The are 

·H T = (1 1) = (A.38)S71 

= (0 1) (A.39) 

(0 0)::: (AAO) 

·H (0 0) ~o (A.41) 

::: ·H T (0 0)= (AA2) 

codeword )-[0 0 0 0 0] 
codeword are as below.The 

(A.44) 
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(A.45) 

0)= ~ (A.46) 

(A.47) 

After having calculated the relevant syndromes for the codewords, one can now 

proceed to draw the syndrome trellis diagram. 

A.4 Constructing the Syndrome Trellis Diagram 

Each one of the previously calculated syndromes is associated with a node in the 

syndrome trellis diagram. The time element ofthe trellis diagram is enclosed in 

the number of the specific syndrome. The first syndrome of a code would be the 

first in time, and the last syndrome last in time (further down the trellis). 

Centre for Radio and Digital Communication (CRDC) 

Department of Electrical and Electronic Engineering 

University of Pretoria 145 



• • • 

• • • 

• • • 

• • • 

• 

• 

• 

• 

• 

• 

• 

Appendix A Another Syndrome Trellis Construction Technique 

• 	 Construct single code trellis for C1 = (1 0 0 1 1) 


i =a i =1 i =2 i =3 i =4 


[0 oj ,/ 
[0 Ij. 	 • 

[I oj. 	 1 


J[I lj. 	 a 

Figure 46 Single Code Trellis for Codeword 1 


• 	 Construct single code trellis for C2 = (0 1 0 1 0 ) 


i =a i = 1 i =2 i =3 i =4 


Figure 47 Single Code Trellis for Codeword 2 


'. 
• 

• 
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• Construct single code trellis for C3 = (0 0 1 0 1) 

i =0 i = 1 i =2 i =3 i =4 

[0 0] --.--0-------0- - ----- • ./ 
[0 Ij. ...-_ _ O~' • 

[I 0]. 

Figure 48 Single Code Trellis for Codeword 3 

• Construct single code trellis for C4 =(1 1 0 0 1) 

i =0 i =1 i =2 i =3 i =4 

[0 0] • • • ./ 
[0 Ij. • O~' •/ - 0'. 


[I 0]. 1 • 

Figure 49 Single Code Trellis for Codeword 4 
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• Construct single code trellis for C5 = (1 0 1 1 0) 

i =0 i =1 i =2 i =3 i =4 

[0 oj o 

r[0 Ij. 1 • 

[I oj. 

[1 lj. 0-/ • • • 
Figure 50 Single Code Trellis for Codeword 5 

• Construct single code trellis for C6 = (0 1 1 1 1) 

1i =0 i = i =2 i =3 i =4 

[0 oj . 0 

1/ 
[0 Ij. 

[1 oj. 1 

[1 Ij. 'V 
Figure 51 Single Code Trellis for Codeword 6 
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• Construct single code trellis for C7 = (1 1 1 0 0) 

i = 0 i = 1 i = 2 i = 3 

[0 0] • • ~O '. 
1 

[0 I]. 

[I oj. 

Figure 52 Single Code Trellis for Codeword 7 

• Construct single code trellis for Cg =(0 0 0 0 0 ) 

i=O i=1 i=2 i=3 

[0 oj __--o- - -.'---O---+tIf-----O- - -.••.---o--.a_- 

[0 Ij. 

[I oj. 

Figure 53 Single Code Trellis for Codeword 8 

i = 4 

0 '. 
• 


• 


• 


i =4 
o- - _e 

• 

• 

• 
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- Combination of all single code trellis diagrams 

i=O i=1 i=2 i=3 i=4 

-
[I Ij_ - -
Figure 54 Combined Single Code Trellis Diagram 

- Create the final syndrome trellis diagram 

i =0 i =1 i = 2 i =3 i =4 
[0 oj.-----o----~~---O----~~---O----,.~---O----~~---O----~ 

o[0 Ij_ ~-----O----~~----r_----.- -
- ..,.----O--~I[I oj  ........ 


': 1 
~.... ." ....... 


r . ... • •..~ • . 

[I Ij_ ~----O---~~/~·----O 

Figure 55 Final Syndrome Trellis Diagram 
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Appendix B 

Computation of the Parity Check Matrix from 

the Generator Matrix 

B.l Introduction 

In Section 3.4 it was described analytically how the parity check matrix H of a linear 

block code was generated from the generator matrix G. An example to illustrate the 

proposed method is given below: 

B.2 Explanation by Example 

Given the following generator matrix 

0 0 1 1 1 0 0 

1 1 0 0 1 0 0 
G= 

1 0 1 0 0 0 I 
(B.l) 

1 0 1 0 1 1 0 

of a (7,4)-Hamming-Code. 

Firstly, we will try and transform a column of this generator matrix G in such a manner 

that it represents the first unit vector after transformation 

1 

e1 = 
0 

0 
(B.2) 

0 

The first step in achieving this is the swapping of the first and second row. 

according to Chapter 2 such elementary matrix operations are allowed. 

Note that 
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The elements ofthe first and the fourth row in the second column are now made 0, in 

that the second row is added to these two rows. 

1 0 1 0 0 0 1 


0 1 1 0 1 0 1 

(B.6) 

0 0 1 1 1 0 0 


0 0 0 0 1 1 1 


In the third row of the third column there is already a 1 present. This makes the next 

operation easier since all that is require is to make the rest of the elements in this 

column 0. This is done by adding the third row to the particular rows. 
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1 0 0 1 1 0 1 

0 1 0 1 0 0 1 
(B.7) 

0 0 1 1 1 0 0 

0 0 0 0 1 1 1 

Preferably, only a 1 in the fourth row of the 4 column should be present. There is 

however a zero. There is also no lower row with a 1 in the fourth column, which can be 

exchanged with the fourth row in order to meet the requirement. Rows further up in the 

matrix can also not be used to perform the row swapping operation, since this would also 

disturb the unit vectors already present in several of the columns. The only possible 

solution is not to use the fourth column, but to move along to another column further to 

the right of the matrix. The column that we choose for this is the fifth one. This one is 

chosen due to the fact that it already has a one in the fourth row. This makes it a lot 

easier. The other ones present in this column will also have to be made 0, and this is 

accomplished by adding the fourth row to the particular rows. By doing this, we obtain 

the following generator matrix which still produces exactly the same code. It does 

however have a different mapping between the information vectors i and the code 

vectors c (for clarification on this, the reader is referred back to Section 2.1 in Chapter 

2). 

1 0 0 1 0 1 0 

0 1 0 1 0 0 1 
(B.8)

0 0 1 1 0 1 1 

0 0 0 0 1 1 1 

In the first, second, third and fifth columns the following unit vectors are present. This 

completes the first step in finding the parity check matrix. 

1 


0 

e  e2 =1

0' 


0 


0 

1 
(B.9) 

0 

0 
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0 

0 
e 3  1 

0 

0 


0 

(B.I0)e4 = 

0 


1 


To bring this matrix into the systematic form G' it is necessary to exchange the fourth 

and the fifth columns. In the systematic form matrix G', the following matrix 

110 

1 o 1 
(B.ll)A= 

1 1 1 

o 1 1 

IS contained in the fourth, sixth and seventh columns. In these columns of the 

corresponding parity check matrix H , the unit matrix I".k is present. The remaining 

columns (first, second, third and fifth columns) make up the transposed matrix 

1 1 

(B.12)o 1 

1 1 

This results in the parity check matrix that was used to construct the syndrome trellis 

diagram of Chapter 3. It can easily be shown that all the relevant equations in Section 

3.4 are satisfied. 

1 1 100 

o 1 o 1 1 (B.13) 

1 1 010 ~l 
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Appendix C 

Generator Matrixes of Simulated Codes 

C.l Introduction 

For reasons of completeness and also so that simulation results can be repeated 

by other people basing their work on this piece , this Appendix C will contain 

most of the generator matrixes G of the codes used in this work. In order to 

obtain the parity check matrix H for a particular code, the generator matrix G as 

given in this appendix can be transformed using the process described in 

Chapter 3 and illustrated in Appendix B. 

C.2 Generator Matrixes of given BCH-Codes 

The (15,7)-BCH-Code has the following generator polynomial gIven III the 

exponential form below. 
4 6 7 8

( ) (C.l)gx =l+x +x +x +x 

The generator matrix can be obtained from the polynomial and is as follows. 

1 0 0 0 1 0 1 1 1 0 0 0 0 0 0 

0 1 0 0 0 1 0 1 1 1 0 0 0 0 0 

0 0 1 0 0 0 1 0 1 1 1 0 0 0 0 

G= 0 0 0 1 0 0 0 1 0 1 1 1 0 0 0 (C.2) 

0 0 0 0 1 0 0 0 1 0 1 1 1 0 0 

0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 

0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 
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For the (31,21)-BCH-Code, the generator polynomial and generator matrix is as 

given below. 

G = 

(C.3) 


100 I 0 I 101 I 100 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 

o J 00\ 0 I \ 0 \ I I 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
o 0 \ 00\ 0 \ \ 0 \ \ \ 0 000 0 0 0 0 000 0 0 0 0 0 0 0 

000 I 0 0 I 0 \ 0 I \ I 000 0 0 0 0 0 0 0 000 0 0 0 0 
o 0 001 0 0 10\ \ 0 I \ 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
00000 I 00 I 0 \ 10\ \\ 000000000000000 
000 0 0 0 \ 001 0 \ \ 0 \ \ 0 0 000 0 0 000 0 0 0 0 

o 0 0 0 0 0 0 \ 001 0 \ 0 \ \ 0 0 0 0 0 0 0 0 0 000 0 
o 0 0 0 0 0 0 0 \ 0 0 I 0 I 10\ I \ 0 0 0 0 000 0 0 000 
o 000 0 0 000 \ 0 0 \ 0 I 10\ \ 100 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 I 0 0 \ 0 I I 0 I \ 0 0 0 0 0 0 0 0 0 0 (C.4) 
000 0 000 0 0 0 0 \ 00\ 0 \ 101 \ \ 0 0 000 0 0 0 0 
000000000000100101\0\1\00000000 
o 0 0 0 0 0 0 0 0 0 000 \ 0 0 10\ \ 0 \ I I 0 0 0 0 000 
000 0 0 0 0 0 0 0 0 000 I 0 0 10\ 0 \ I 100 0 0 0 0 
o 0 0 000 0 0 0 0 0 000 0 I 001 0 I 101 \ 000 0 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 101 \ 0 I \ 0 0 0 0 
o 0 0 0 0 000 0 0 0 0 0 000 0 I 001 0 \ 0 \ \ 000 
o 0 0 0 0 0 0 0 000 0 0 0 000 0 \ 0 0 10\ 0 I \ 100 
o 0 0 0 000 0 0 0 0 000 0 0 0 00\ 0 0 \ 0 I 0 1 \ I 0 
o 0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 \ 0 I 10\ \ \ 
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C.3 Generator Matrixes of given Reed-Muller-Codes 

Here follow several Reed-MulIer-Codes and their generator matrixes. 

(16,5)-Reed-Muller-Code R(1,4)• 

1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 

1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 

1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0 (C.5)G= 

0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 

0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

(16,11)-Reed-Muller-Code R(2,4)• 
1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 

1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 

0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 

0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 

1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

0 0 1 1 0 0 0 0 0 (j 0 0 0 0 1 ' 1 (C.6)G= 

0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 

0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 

0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 

0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 

0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 
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• (32,31)-Reed-Muller-Code R(4,5) (Parity-Cheek-Code) 

G = 

100 0 0 0 000 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
o I 000 0 0 0 000 0 0 0 000 000 0 0 0 0 0 0 0 0 0 0 0 

o 0 I 0 0 0 0 0 0 0 0 0 0 000 000 000 000 000 000 

000 1 0 0 0 0 000 000 000 0 0 0 0 0 0 0 000 0 0 0 0 

000 0 0 0 000 000 000 0 0 0 000 000 000 000 
o 0 000 100 000 000 000 0 0 0 0 0 0 0 000 0 0 0 0 I 
000 0 0 0 I 000 0 0 0 000 0 0 0 000 000 000 0 0 0 

o 0 000 0 0 I 000 0 0 0 0 0 0 0 0 0 0 000 000 0 0 0 0 
000 0 000 0 1 0 000 0 0 0 000 000 000 0 0 0 000 1 
o 0 000 000 0 1 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 001 
o 0 0 0 0 0 0 000 100 000 000 000 0 0 0 0 0 0 000 

o 0 0 0 0 000 0 0 0 1 000 000 000 0 0 0 0 0 0 0 0 0 0 
000 0 000 000 0 0 I 000 0 0 0 000 0 0 0 0 0 0 0 0 0 
o 0 000 000 0 0 0 0 0 I 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 

o 0 0 0 000 000 000 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (C.7) 
o 000 000 000 000 000 1 000 000 000 000 001 
o 0 0 0 0 0 000 000 000 0 0 I 000 0 0 0 000 0 000 
o 0 0 0 000 000 0 0 0 0 000 0 I 000 0 0 0 0 0 0 0 0 0 
00000 0 000 000 0 0 0 0 000 1 0 0 0 0 0 0 0 0 000 
o 000 000 0 0 0 0 000 000 000 J 0 0 0 0 0 0 0 0 001 

o 0 0 0 0 0 0 0 0 000 000 000 0 0 0 1 000 000 000 1 
o 0 0 0 0 0 0 000 0 0 0 0 000 0 0 0 0 0 1 000 0 0 0 0 0 
000 0 0 0 000 0 0 0 0 0 0 0 0 0 0 000 0 I 0 000 000 
o 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 000 0 I 0 0 0 0 0 0 
000 000 000 000 000 0 0 0 0 000 000 1 0 0 0 0 0 

o 0 0 0 0 0 0 0 0 0 0 000 000 000 0 0 0 0 0 0 1 000 0 
000 0 0 0 000 0 0 0 000 0 0 0 0 000 000 0 0 1 000 

o 0 000 0 0 0 000 000 000 0 0 0 0 000 0 0 0 0 I 0 0 

000 0 000 0 0 0 000 000 000 000 000 0 0 0 0 1 0 
o 0 000 0 0 0 000 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 
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• (32,26)-Reed-Muller-Code R(3,5) 

( 100 0 0 000 I 0 0 0 0 0 0 0 I 000 0 0 0 0 0 0 0 0 000 

) I 000 1 000 0 0 0 0 0 0 0 0 0 0 0 0 000 0 000 000 


o 0 0 0 0 000 I 000 1 0 0 0 0 0 0 0 0 0 0 0 000 000 
000000000000000010001000000000 
1 0 1 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 
000 0 1 0 1 000 0 0 0 000 0 0 0 000 0 000 0 0 0 0 
00000 0 0 0 1 0 I 0 0 0 0 000 000 0 0 0 0 0 0 0 0 0 
000 0 0 0 000 0 0 0 1 0 1 0 0 0 000 0 0 000 0 0 0 0 
o 0 0 0 0 000 000 0 0 0 0 0 1 0 1 0 0 000 0 0 0 0 0 0 
0000000 0 0 0 0 000 0 0 0 000 1 0 1 000 0 0 0 0 
o 0 0 0 0 0 0 000 0 0 0 0 000 0 0 0 0 0 0 0 1 0 1 0 1 0 0 
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 0 0 000 0 0 0 0 
001 I 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 000 0 

G = 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (C.S) 
0000001 100 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 0 1 100 0 0 0 0 000 0 0 000 0 0 0 000 
o 0 0 0 0 0 000 0 1 1 0 0 0 0 0 0 000 0 0 000 0 0 0 0 1 1 
o 0 0 0 0 000 000 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 000 0 

000 0 0 0 0 0 0 0 0 000 1 1 0 0 0 0 0 0 0 000 0 0 0 0 

o 0 0 0 0 0 0 000 000 000 1 100 000 0 0 0 000 0 

000000000000000000 I 10000000000 

o 0 0 0 0 0 0 000 0 0 0 000 0 0 0 0 1 I 0 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 001 I 0 0 0 000 I I 
000000000000000000000000 I 10000 II 
o 0 0 0 0 0 0 0 0 0 000 000 0 0 0 0 0 0 0 000 I 100 I I 
0000000000000000000000000000 II 

Centre for Radio and Digital Communication (CRDC) 

Department of Electrical and Electronic Engineering 

University of Pretoria 159 



Appendix C Generator Matrixes of Simulated Codes 

• (32, 16)-Reed-Muller-Code R(2,5) 

G= 

000 I 000 000 000 000 000 000 I 000 

o 000 0 0 0 I 0 0 000 1 0 000 000 000 0 0 

1 0 101 0 I 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

o 000 000 0 1 0 1 0 1 0 1 0 0 000 0 0 0 0 0 0 0 I 0 

00000 0 000 0 0 0 0 000 I 0 1 0 0 I 0 0 I 0 1 0 I 0 

000 000 I 0 0 0 0 0 0 I I 000 000 I 0 0 0 0 0 0 
I 100 I I 0 000 0 000 000 0 0 0 000 0 0 0 0 0 
000 0 0 0 001 100 I I 0 0 000 000 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I J 0 0 1 1 0 0 I 1 0 0 0 0 

I I I 0 0 0 0 0 0 000 0 0 0 0 0 0 0 000 0 0 0 0 0 
00001 I I 1 0 000 000 0 0 0 0 0 0 0 0 0 0 0 0 0 I I 
o 0 0 0 0 000 I I I 100 000 000 000 000 0 0 
000 0 0 0 0 0 0 0 0 0 I I I 000 000 000 000 
o 0 0 0 0 000 000 0 000 0 I I 1 I 000 0 0 000 
o 000 000 0 0 0 0 000 000 000 I I I 100 0 0 
000 000 000 0 0 0 0 0 0 0 000 000 0 0 

(C.9) 
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Appendix D 


Shannon Product of Trellises 


D.l Introduction 

In Chapter 5, extensive use of the Shannon Product of trellises theory was made. This 

Appendix focuses on this unique trellis "combination" method developed by Shannon. 

it should however be noted that the Shannon product of trellises is in itself also a fully 

functional method of designing a trellis diagram from first principles. It does however 

not always deliver a minimal trellis representation. 

D.2 Analytical Approach to the Shannon Trellis Product 

The method will first be described on an analytical basis, and will be illustrated with an 

example afterwards. 

Let C1 and C2 be binary linear block codes with parameters (N,KI,DI) and (N,K2,D2) 

respectively. The two generator matrixes for the codes will be G 1 and G 2. It is further 

assumed that C1 and C2 only have the all-zero code word in common. From this would 

follow that: 

(D.l) 

Their direct sum is defined as follows: 
6 (:, 

(D.2)C =Cl GJ C2 = { U + v : U E Cp V E C2 } 

From this it would follow that C is an (N,KI+K2,d) linear block code with minimum 

distance equal to 

(D.3) 
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and generator matrix 

(D.4) 


T

Let T j and Tz be N-section trellis diagrams for C j and Czrespectively. Then aN-section 

trellis T for the direct-sum code C can be constructed by taking the Shannon product of 

j and Tz. 

Let 

T=T;x~ 	 (D.5) 

denote the Shannon product of T j and Tz. 


The state spaces of T1 and 1'2 at time i are given as 


(D.6) 


respectively. 

The construction of the Shannon product T is carried out according to the following 

procedure: 

• 	 For all i, the state space product from of C1 and C2 is obtained according to 

Equation D.6. This product can then be given as 

(D.7) 

Then L 1 ( C1) x L 2 ( C2 ) forms the state space of T j x T2 at time i. In other words, 

the two-tuples from L 1 ( C1) X L 2 ( C2 ) form the nodes of T at level i. 

• 	 A state (o)J),(J?») E Li(CJX LJC2 )is adjacent to a state 

(1) (2») '\' (C) '\' (C) 'f d l 'f (1) . d' (1) d (2).( (J ;+1 ,(J ;+1 E I... ;=1 1 X I... ;+1 2 1 an on y 1 (J i IS a ]acent to (J i+1 an (J i IS 

adjacent to (J 2; . Letl(CY (1) CY (1») denote the label of the branch that 
1 , 1+ 1 
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connects eJ?) to eJ i~? in trellis T j and l(eJ /2) ,eJ 2!) denote the label of the branch 

that connectseJ?) toeJ 2! in trellis T2• Then two adjacent states (eJ?) ,eJ?)) and 

(eJ i~i, eJ i~i) in trellis T are connected by a branch with label 

l(eJ (I) eJ (I)) + l(eJ (2) eJ (2)) (D.8)
1 'HI I' 1+1 

For O~ i~ N, letPi(CI ) and Pi(C2 ) be the dimensions of the state spaces 

given in Equation D.6 respectively. Then the state space dimension profile of T j 

x T2 is given by 

D.3 Shannon Product of Trellises by Example 

The following example will illustrate the technique as described in Section D.2. 


The two block codes C1 and C2 are assumed to be linear, and have generator matrixes in 


the following form: 


1 1 1 000 
(D.lO)

1 o 1 101 

and 

o 1 1 1 1 o 
(D.ll) 

o o o 1 1 1 

From the discussion in Section D.2 it follows that 

(D.l2) 

and that the direct-sum is given as 
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1 1 1 1 0 0 0 0 

0 1 0 1 1 0 1 0 
(D.13)= G = (~:J 0 0 1 1 1 1 0 0 

0 0 0 0 1 1 1 1 

The following two figures show the trellis diagrams for the two codes C1 and C2 

respectively. 

Figure 56 Trellis Diagram for Code C1 

These trellises are then combined with the Shannon procedure as described in Section 

D.2. The result is given in the figure below. 

Figure 57 Trellis Diagram for Code C2 
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Figure 58 Combined Shannon Product Trellis Diagram 
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Appendix E 

Coset and Syndrome Trellises by Example 

E.l Introduction 

In this Appendix, the two techniques for Reed-Solomon trellis construction as presented 

in Section 5.5 of Chapter 5, are illustrated by example. The first part is concerned 

with the syndrome construction technique, and the second part is concerned with the 

coset trellis design technique. 

E.2 Syndrome Construction 

This example will illustrate the use of the syndrome technique in obtaining a trellis 

diagram for a (7, 5, 3) Reed-Solomon code, with symbols taken from GF(8). The 

generator polynomial for this specific Reed-Solomon code is given as 

g(X) = ex 3 + ex 4 . X + X2 (E.1) 

from which the generator matrix G can be constructed. 

gl 

g2 

G= g3 

g4 

g5 

= 


a 3 a 4 1 0 0 0 0 

0 a 3 a 4 1 0 0 0 

0 0 a 3 a 4 1 0 0 (E.2) 

0 0 0 a 3 a 4 1 0 

0 0 0 0 a 3 a 4 1 

The overall Reed-Solomon code can be presented in the following form: 

(E.3) 


In Equation E.3 Cj with j=1,2, ... ,5 is a (7, 1, 3) sub-code generated by gj ' These sub-
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codes can be expressed in the following format: 

4C] = Xl . gl = (ex 3 XI , ex Xl' Xl' 0, 0, 0, 0) 
3 4C2 = x 2 . g2 = (0, ex x 2 ' ex x 2 ' x 2 ' 0, 0, 0) 

3 4C3 = X3 . g3 = (0, 0, ex x 3' ex x 3' X3 , 0, 0) (E.4) 

3 4C4 = x 4 . g4 = (0, 0, 0, ex x 4 ' ex x 4 ' x 4 , 0) 
3 4Cs = Xs . gs = (0, 0, 0, 0, ex X S' ex XS' Xs) 

The component trellises have a very simple structure with the following state profiles: 

N/t) = (1, 8, 8, 1, 1, 1, 1, 1) 

N2 (t) = (1, 1, 8, 8, 1, 1, 1, 1) 

N3 (t) = (1, 1, 1, 8, 8, 1, 1, 1) (E.5) 

N4(t) = (1, 1, 1, 1, 8, 8, 1, 1) 

Ns(t) = (1, 1, 1, 1, 1, 8, 8, 1) 

The state profiles from Equation E.5 are represented in graphical format below. 

Figure 59 Sate Profile for C1 
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Figure 60 State Profile for Cz 

Figure 61 State Profile for C3 

Figure 62 State Profile for C4 
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Figure 63 State Profile for C5 

When the procedure as described in Section 6.2 is applied to the above state profiles, 

then a new state profile for the entire code can be written as: 

N(t) = {I, 8, 64, 64, 64, 64, 64, 8, I} (E.6) 

The result of this procedure is given in the figure on the next page. Due to the huge 

amount of states and branches, no labeling is done on the graph itself. It should be 

noted that several branches have been omitted in state 3, state 4 and state 5. 
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Figure 64 Syndrome Trellis Diagram for the (7, 5, 3) Reed-Solomon Code 

E.3 Coset Construction 

For this example, a (7, 5, 3) Reed-Solomon code is chosen with symbols taken from 

GF(8). The chosen code has the following generator polynomial 

g(X) = a 3 +a . X + X2 +a 3. X 3 + X4 (E.7) 

From the above generator polynomial, the generator matrix can be constructed as 

follows: 
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~l (E.8) 

The state profile can be obtained as given below: . 

q3 
lVo = 0 3 =1 

q .q 

q3 

(E.9) 


From this point onwards, a number of different but isomorphic trellis diagrams exist. 

The one chosen depends solely on the designer, and the procedure as given in Section 

5.5 is applied. The trellis is then again the Shannon product of a number of sub

trellises. Due to the large complexity of even this small code, the resulting trellis 

diagrams will not be presented here. 
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. Appendix F 

Galois Field Arithmetic 

F.1 	 Introduction 

This appendix will give a brief introduction into the arithmetic of fields. A field is a set 

of elements in which one is able to do addition, subtraction, multiplication and division 

without ever having to leave the set. Addition and multiplication must satisfy the 

commutative, associative and distributive laws. 

F.2 	 Fields 

Let F be a set of elements on which two binary operations called addition and 

multiplication are defined. The set Ftogether with the two binary operations mentioned 

above is a field if the following conditions are satisfied: 

• 	 F is a commutative group under addition. The identity element with respect to 

addition is called the zero element or the additive identity of F and is denoted by 

O. 

• 	 The set of nonzero elements in F is a commutative group under multiplication. 

The identity element with respect to multiplication is called the unit element or 

the multiplicative identity of F and is denoted by 1. 

• 	 Multiplication is distributive over addition, that is, for any three elements a, b 

and c in F the following holds: 

a·(b+c)=a·b+a·c. (F.l) 

It follows from the above definition, that a field consists of at least two elements, the 

additive identity and the multiplicative identity. 

The number of elements in a field is called the order of the field. A field with a finite 

number of elements is called a finite field. In a field, the additive inverse of an element 

a is denoted by -a and the multiplicative inverse of a is denoted by a,I, provided that a 
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is not equal to zero. Subtracting a field element b from another field element a is 

defined as adding the additive inverse. If b is a nonzero element dividing by b is defined 

as multiplying by the multiplicative inverse. 

A number of basic properties of fields exist and are given below. 

• For every element a in a field a· 0 = O· a = 0 

• For any two nonzero elements a and b in a field a· b 1:. 0 

• a · b = 0 and a 1:. 0 implies that b = 0 

• For any two elements a and b in a field - (a .b) = (- a)· (b) = (a)· (- b) 

• For a 1:. 0, a ·b = a· c implies that b = c 

Fields are normally indicated by GF(q). This notation is used in honor of Galois who 

discovered these fields . The binary field in which most everyday calculations are done 

is called GF(2). Every Galois field contains a given number of symbols. In GF(4) the set 

is limited to 4 symbols . The symbols can be expressed in exponential or polynomial form, 

which makes addition and multiplication easier depending on which representation is 

used. A table is given below to illustrate the above process with 8 symbols . 

No. Exponential Representation Polynomial Representation 

1 0 0 

2 1 1 

3 a a 

4 a 2 a 2 

5 a 3 a 3 = a + 1 

6 a 4 a 3 . a = (a + 1) ·a = a 2 + a 

7 as 4 2 1a ·a= ...=a +a+ 

8 a 6 S 2 1a ·a = ... = a + 

Table 23 Galois Symbol Representation in Exponential and Polynomial Form 
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This discussion was just a very brief introduction to the study offinite fields and Galois 

fields . For further information, the reader is referred to standard works[21], [24], [25] on 

this topic. 
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Appendix G 

Simulation Code 

G.l Introduction 

This is just a partial reproduction of the simulation code used in the dissertation. The 

full code is available on request from the authors . 

G.2 Simulation Code 

/ / -- ----- --------- -- ------------ ------ ----- ---- ------- --- -- ------- ----------
#inelude <vel \ vel.h> 

#pragma hdrstop 

#inelude <stdio.h> 

#include <math.h> 

#include <vel / elipbrd.hpp> 

#include "main.h" 

/ / ----- -- ------- --- ---------------- ------- ------ ------ ------------- ------ ---
#pragma resource "*.d{m" 
TForml *Forml; 

/ / -------- ---- ------------- --- ----- ------- ----- -------- ------ ------ ---------
/ / Constructor 
--1astcall TForm l::TForm 1(TComponent* Owner) 

: TForm{Owner) 
( 

/ / S etup the system 

ReadSpecs(); 

states =pow{2,(fLoat)(n-k)); 


/ / 20-stage PN Generator 

int data_sourceJeedback[2] ={2,19}; 

DataSource =new PN_Gen{20,2,data_sourceJeedback); 


/ / Create the coder 

HammingCoder =new Cyelic{n,k,genyol); 


/ / Create channel 
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Pe =0.1; 

Channel = new BSC(1,-l,Pe); 

No =Channel->Compute_No_neededJor_Pe(); 

A WGN =new Noise(O,No); 


/ / Create the block code's trellis 

HammingTrellis = new Trellis(states,(n+1)); 

Ham m ingTrellis->Bloch Trellis(n, h,parity); 


/ / Create the Viterbi decoder 

HammingDecoder =new Viterbi(states, (11, +1)); 


/ / Create a few buffers 

message =new Matrix(1,k); 

received =new Matrix(1,n); 

code = new Matrix(1,n); 


/ / Display startup Pe and associated Eb / No 

Editl->Text=(1O*logl O((floatXn) / (float)(k*No))); 

Edit5->Text=Pe; 


/ / Initial node spacing factors 

zi = (Image1->Width)/(4*(n+2)); 

zo =(Image1- >Height) / (4*(states+ 1)); 


/ / Display the startup trellis 
Draw Trellis(); 

) 
/ / ---------- --- -- -- ---- --- ------ -- --- -- -- ----- ---- ---------- --- -- ----- ------

/ / ---- --------- -- ---- --- ----- --- -- ----- ---- ---- --- -- ----- ----- ---- - ----- ----
void TForm1::ReadSpecs() 
{ 

FILE *specs; 

char temp[30j; 


OpenDialog1->Filter ="Block code specs (* .bcs) I*.BCS"; 
if (OpenDialog l->Execute()) 

( 
specs =fopen((OpenDialog l->FileName).cstr(), "rt "); 

/ / Read 11, from file 

fscanf(specs, "%s",temp); 

fscanf(specs, "%i",&n); 


/ / Read k from file 

fscanf(specs, "%s",temp); 

fscanf(specs, "%i",&h); 


/ / Read generator polynomial from file 
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fscanf(specs, "%s If, temp); 

genyol = new int[n-k+IJ; 

for (int i=O; i«n-k+l); i++) 

( 

fscanf(specs, "%s",temp); 
genyol[iJ =atoi(temp); 

} 

/ / R ead the H matrix from file 
fscanf(specs, "%s",temp); 
VECALLOC(parity, (n-l?),n); 
for (int i=O; i«n-k); i++) 
{ 

for (int j=O; j<n; j++) 
( 

fscanf(specs, "%s",temp); 
parity[iJ[jJ =atoi(temp); 

} 

} 


fclose(specs); 
} 
else exit(O); 

} 
/ / ------ -------- -- ---- -------- -- -- --- -- ---- ------ - ------ - -------------- -----

/ / -- ---- ------- ------ - --- ------------ -------- --- -- ------ -- ------------- -----

/ / Display the trellis information 
void TForm1::DrawTrellisO 
( 

/ / Determine spacing between nodes 

int x_step = zi; 

int y_step =zo; 


/ / Refresh the canvas 

Image l->Canvas->Pen->Color=clBlack; 

Image l->Canvas- >Brush->Color=cl White; 


Image1- >Canvas- >Rectangle(0, O,Image1-> Width,Image1->Height); 

/ / Draw nodes 

Image l->Canvas->Brush->Color=clBlack; 

for (int m=l; m <=(n+J); m++) 

{ 

for (int 1=1; l<=states; 1++) 
Image 1->Canvas->Ellipse(( m *x_step- 3), (l*y _step-3), (m *x_step+3), (l*y _step +3)); 

} 
Image l->Canvas->Brush->Color=cl Wh ite; 

/ / Draw the branches of the trellis 
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for (int j=O; j<n; j++) 
{ 

for (int m=O; m<states; m++) 
{ 


for (int l=O; l <states; l ++) 

( 

Image1->Canuas->MoueTo((j+ l)*x_step, y_step*(m+ 1)); 
if (HammingTrellis->OutgoingBranches(j,m,l)==l) 

( 	 if (HammingTrellis->ReturnBranchCause(j,m,l)==O) 
Image1- >Canuas- > Pen->Color=clBlue; 
else Image1->Canuas- >Pen->Color=clRed; 
Image1->Canuas->LineTo((j+2)*x_step, y_step*(l+ 1)); 

} 

} 


} 
} 

Image l->Canuas->Pen->Color=clBlack; 
} 
/ / --- ---- --- -------------- -- ---- -- ------- -- ---- - ---- -- ----------- ----- ------

/ / ---- --- ----- ------ ------- - ---- -- - ---- -- -- ------ ------ ------ - ---- --- - ------

/ / Display the computed metrics 
uoid TForm l::ShowMetricsO 
{ 

char metric[4}; 

Image l->Canuas->Pen->Color=clBlack; 


/ / Determine the spacing between metrics 

int x_step = zi; 


int y_step =zo; 


/ / Write metris to the canuas 

for (int m=l; m<=(n+1); m++) 

{ 

for (int l=l; l<=states; l++) 
( 

if (HammingTrellis->ReturnStateActiue(m-1, l-l)) 
{ 
sprintf(metric, "%2.2{", (HammingDecoder- >ReturnMetric(l-l, m -1))); 

Image 1->Canuas->TextOut((m *x_step), (l*y _step-20), metric); 
} 

} 
} 

} 
/ / ----- ------- ------- ----- -- ---- -- ------ - -- ------------- ---------- ------ - - --

/ / -- --------- -- ------ ------------- ---- -------- --- ------ ----- --- ------- ------

Centre for Radio and Digital Conununication (CRDC) 

Department of Electrical and Electronic Engineering 

University of Pretoria 178 



Appendix G Simulation Code 

/ / Display the most probable path 
uoid TForm1::DrawPathO 
{ 

/ / Redraw the trellis 
DrawTrellisO; 
Image1->Canuas->Pen->Color==clGreen; 

Image1->Carwas->Pen-> Width ==3; 

/ / Draw best path 

int x_step =zi; 

int y_step =20; 


for (intj=O;j<n;j++) 
{ 

for (int m=O; m<states; m++) 
{ 
for (int l=O; l<states; l++) 

( 
Image1->Canuas- >MoueTo((j+ l)*x_step, y_step*(m+ 1)); 
L f 

(Ham mingDecoder- >ReturnPath(m,j)*H ammingDecoder- >ReturnPath(l,j+1)*Ham mingTrellis
>OutgoingBranches(j, m, l)) 

Image 1->Canuas->LineTo((j+2)*x_step, y _step*(l+ 1)); 
if (HammingDecoder->ReturnPath(m,j)==l) 

Image1->Canvas->Ellipse(((j+ 1)*x_step-5),((m +1)*y_step-5), ((j+ 1)*x_step+3),((m+1)*y_step+5)); 
) 

) 
) 

Image1->Canuas- >Pen->Color=clBlack; 

Image1->Canvas->Pen->Width=1; 


) 
/ / --- ------------------ ----- ------ ----- ------ ----------- ----------- ---------

/ / -- ----- --- -- - ----- ---------- ---- --- -- -- ----- --- ----- ----------- -----------
/ / Transmit and receive a single code word 
void -fastcall TForm1::Button1Click(TObject *Sender) 
{ 

AnsiString c; 

AnsiString r; 

AnsiString v; 

float receive[15}; 

float noise; 


/ / Flush shift register based coder 

HammingCoder->FlushO; 


/ / Construct message vector 

for (int x=O; x<k; x++) 

{ 
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message->ChangeElement(O,x,DataSource->Output(O)); 

DataSource->Shift(); 


) 

/ / Construct code word 

HammingCoder->Compute(message); 


/ / Buffer the code word that is going to be transmitted 

for (int y=O; y<n; y++) code->ChangeElement(O,y,HammingCoder->Return_code_bit(y)); 


/ / Transverse channel 

for (int y=O; y<n; y++) 

( 


noise = A WGN->Output(1); 


received->ChangeElement(O,y,Channel->Transverse_Channel((float)(2*code->ReturnElement(O 
,y)-l)+noise)); 

/ / Differentiate between hard decision and soft decision decoding approaches 
if (Radio Group 1- >Itemlndex==O) receive(yJ = (float)received-> ReturnElement(O,y ),

if (RadioGroup1->Itemlndex==1) receive(yJ =2*code->ReturnElement(O,y)-1+noise; 
) 

/ / Decode the received code word 

HammingDecoder->Decode(receive,HammingTrellis); 


/ / Draw the best path as determined by the Viterbi decoder 

DrawPath(); 


/ / Display computed metrics if necessary 

if (CheckBox1- >State== 1) ShowMetrics(); 


/ / Display all info 

for (int y=O; y <n; y++) 


( 
c += code->ReturnElement(O,y); 

if (RadioGroup1->Itemlndex==O) r += ((received->ReturnElem ent(O,y)+1) / 2); 
else r = ""; 

v += HammingDecoder->ReturnCodeBit(y); 
) 

Edit2->Text=c.cstr(); 

Edit3->Text=r.c_str(); 

Edit4->Text=v.cstr(); 


) 
/ / - -- ----- -- ---- - ------- ------- -- -------- ----- ------------ ------ ----- -------

/ / - - - ------ ---- - ------ ----- ---- ------------ ------ - ---- - - ----- - --- -- - - -- -- - --
/ / Expurgate the trellis 
void --fastcall TForm1::Button2Click(TObject *Sender) 
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( 
HammingTrellis ->Expurgate(); 


DrawTrellis(); 

DrawPath(); 

if (CheckBox1->State==1) ShowMetrics(); 


} 
/ / ------ ------ ------------ -- -- --- ------ ------ --- ----------------------------

/ / ----- - ------ ----- -- ---- ----- -- - ----------- - ---- - --- --- ------ -- ----------- -
/ / Unexpurgate the trellis 
void -fastcall TForm1 ::Button3Click(TObject *Sender) 
( 

/ / Re-create the block code's trellis 

HammingTrellis- >Block Trellis(n, h,parity); 


/ / Draw the unexpurgated trellis 

DrawTrellis(); 

DrawPathO; 


/ / Display metrics if necesaary 

if (ChechBox1->State==1) ShowMetrics(); 


} 
/ / ---- -- ----- ------- ---- ----- ------ ---- -- ----------- ------ ------ -- ----------

/ / -- --------------------------------------------- ----------- -------- ---- ----
/ / Compute the Pe associated with a give noise power 
float TForm1 .·:Get_Pe(float N) 
{ 

float pe=O; 

float y=O; 


for (int i=O; i<1000; i++) 
{ 

pe += (0.01/ sqrt(3.1415* N))*exp(-(y+ 1)*(y+ 1)/ N); 
y += 0.01; 

} 
return pe; 

} 
/ / --- ------- -------- ----- ------------------ ------------------- --------------

/ / ----- ------- ---------- --- --- ------ ----- -------- -------- ----------- --------
/ / Transmit x code words at different Eb / No values 
void -fastcall TForm1::Button6Click(TObject *Sender) 
{ 

float receive[30}; 

float noise; 

float error; 

int temp; 
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FILE *output; 

output =fopen("results.txt ", "wt "); 

/ / Turn displays off 

Edit2->Enabled =false; 

Edit2->Update(); 

Edit3->Enabled = false; 

Edit3->Update(); 

Edit4->Enabled =false; 

Edit4->Update(); 

Edit5->Enabled = false; 

Edit 5->Update(); 


/ / Step through the given range of Eb/No 
for (float step=atof(Edit 6- >Text.c_str()); step<=atof(Edit 7- >Text.c_str()); 

step+=atof(Edit8->Text.c_str())) 
{ 

No =((float)(n)/(float)(k))/(pow(J 0, (step/ 10))); 

A WGN->Change_variance(No/ 2); 


Pe=Get_Pe(No); 

error=O; 


Edit1->Text=(1 O*log1O((float)(n)/ (float)(k* No))); 

Edit1-> U pdateO; 


/ / Step through the given amount of code words 

for (float i=O; i<atoi(Edit9->Text.c_str()); i++) 

{ 

ProgressBar l->Position =(i/atoi(Edit9->Text.c_str()))*100; 

/ / Flush the shift register based coder 

HammingCoder->FlushO; 


/ / Construct message vector 

for (int x=O; x<k; x++) 

( 

message->ChangeElement(O,x,DataSource->Output(O)); 
DataSource- >Shift0; 

} 

/ / Construct code word 
HammingCoder->Compute(message); 

for (£nt y=O; y < n y + + ) 
code->ChangeElement(O,y,HammingCoder->Return_code_bit(y)); 

/ / Transverse channel 

for (int y=O; y<n; y++) 

( 

noise =A WGN->Output(1); 

received->ChangeElement(O,y, Channel- >Transverse_ Channel((float )(2*code->ReturnElement(O 
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,y)-l)+noise)); 

if (RadioGroup1->Itemlndex==0) receive[yJ =(float)received->ReturnElement(O,y); 
if (RadioGroup1->Itemlndex==1) receive[yJ = 

2*code->ReturnElement(0,y)-1 + noise; 
} 

/ / Decode the received code word 

HammingDecoder->Decode(receive, HammingTrellis); 


/ / Count errors 
temp = 0; 

for (int y=O; y<n; y++) temp += 
HammingDecoder->ReturnCodeBit(y)/\(code->ReturnElement(O,y)); 

error += (temp>O); 
} 

fprintf(output, "%f %f \n ", 10*log1O((float)(n) / (float)(k*No)), error / atof(Edit 9->Text.cs tr())); 
} 

fclose(output); 
Edit2->Enabled =true; 


Edit3->Enabled = true; 

Edit4->Enabled =true; 

Edit5->Enabled =true; 


} 
/ / ----- ---------- ---- --- -- ------------ - -------------- -------------- ---------

/ / --- ------ - ----- - - --- --- - ------- ------ ----- -- --- ------- ---- --- ---- ------ ---
/ / Compute the new Eb/No when Pe is changed 
void --1astcall TForm1::Changing_Pe(TObject *Sender, WORD &Key, TShiftState Shift) 
{ 

if (Key == 13) 
( 

Pe =atof(Edit5->Text.c_str()); 

Channel- >Change_Pe(Pe); 

No =Channel->Compute_No_neededJor _Pe(); 

Edit l->Text=(lO*log1O((float)(n)/ (float)(k* No))); 


} 
} 
/ / -- ----- ------ ------ ------ ------- ------ ------ --- ---- ---- --- ------------- ---

/ / --- ----- - ----- - ---- - -- ----- - ------ -- ---- -- ------ - ------ ----- - -- ----- ------
/ / Refresh shown Pe 
void --1astcall TForm1::Exit_Pe_Change(TObject *Sender) 
{ 

Edit5->Text = Pe; 
} 
/ / --- -- ----------- ------- ---- - -~ --------- --- --- ----- ------ ------- ---------- -
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/ / ------ - - - - - ----------------- --- ----------- - - - - -------- -- -- ----------------
/ / Toggles between displaying the metrics and not displaying the metrics 
uoid ~astcall TFonn 1::MetricState(TObject *Sender) 
{ 

if (CheckBox1->State == 1) ShowMetrics(); 

else (DrawTrellis(); DrawPath();} 


} 
/ / --- --------- ----- ---- ------- - - - ------------ ----- -------- ------- -----------

/ / --- -------- - ---------- - --------- -- - - ------------ - ------ --- ---- ------- -----
/ / Zoom in 
uoid ~astcall TFormi::Test1Click(TObject *Sender) 
( 

/ / Adjust spacing between nodes 

zi *= 2; 


zo *= 2; 


/ / Redisplay all 

DrawTrellis(); 

DrawPath(); 


if (CheckBox1->State == 1) ShowMetrics(); 
} 
/ / -- -------- --------- - ------------ ---------- - ----------- --------------------

/ / --- ----- --------------------- -- -------- -- --------- --- --------- - -----------
/ / Zoom out 
uoid ~astcall TForm1::ZoomOutlClick(TObject *Sender) 
{ 

if ((zo>1O)*(zi> 10)) 

{ 


zi / = 2; 

zo / = 2; 


} 


Draw Trellis(); 
DrawPath(); 

if (CheckBox1->State == 1) ShowMetrics(); 
} 
/ / -- ------ -- --------- ---- ----- ----- --- -------------------------------- ------

/ / ------ ------ ----- -- --- -- ------- ---------- -- -------- --- -------- ---------- --
/ / Copy current displayed trellis, path and metrics to the clipboard 
uoid ~astcall TForm1::Dowhat1Click(TObject *Sender) 
( 

Clipboard()- >Assign(Image1->Picture); 
} 
/ / --- -- ----- --- ------- -------------------- -- ------ ------- ----------------- --
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