GF
Create Galois field matrix.
Syntax
Y=GF (m, X).
Description
Y=GF (m, X) creates a Galois field matrix from the vector X. The Galois field matrix size is (, ), where m is an integer between 1 and 16. vector X is primitive polynomial.
Default Primitive Polynomials
The table below lists the primitive polynomial that GF uses by X default for each Galois field. 

Table 5.1   Some of primitive polynomial
	m
	Default Primitive Polynomial

	1
	

	2
	

	3
	

	4
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	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	

	13
	

	14
	

	15
	

	16
	













Examples
Y=GF (3, [1 0 1 1])
Y =
     0     0     0
     0     0     1
     0     1     0
     1     0     0
     0     1     1
     1     1     0
     1     1     1
     1     0     1
























add  
Add two elements over Galois field
Syntax
A=add (a, b, Y);
Description
A=add (a, b, Y) add two rows over Galois field, a and b are an integers between 1 and  which they are row numbers of matrix Y. Y is the output matrix of GF. The output will be integer number between 1 and  from the same matrix Y.
Table 5.2    Galois field for X=
	GF elements 
	Y
	Number(a & b) 

	0
	     0     0     0
	1

	
	     0     0     1
	2

	
	     0     1     0
	3

	
	     1     0     0
	4

	
	     0     1     1
	5

	
	     1     1     0
	6

	
	     1     1     1
	7

	
	     1     0     1
	8



Examples


A=add (2, 5, Y)
A =    
     3
A=add (6, 7, Y)
A =
     2







mult
Multiply two elements over Galois field.
Syntax
M=mult (a, b, Y);
Description
The mul function multiplies two elements of a Galois field. a and b are an integers between 1 and  which they are elements (rows) numbers of matrix Y. The output will be integer number between 1 and  from the same matrix Y. see table 5.2
Examples


A = mult (4, 6, Y)
A =
     8
A = mult (5, 7, Y)
A =
     3
















GP
Generator polynomial of Reed-Solomon code
Syntax
G=GP (E, Y)
Description
G=GP (E, Y) returns the narrow-sense generator polynomial of a Reed-Solomon code. The narrow-sense generator polynomial is (X + a1)(X + a2)...(X +a2E).  Which E is the code's error-correction capability; E must be integer number and smaller than (m+1).
Examples
The examples below create Galois row vectors that represent generator polynomials for E=2 and E=3. a is a root of the primitive polynomial X3 + X2 + 1 for  Galois field ,not of the default primitive polynomial X3 + X + 1.
Y=GF (3, [1 1 0 1]);
G=GP (2, Y)
G =
     2     3     3     6     8

G=GP (3, Y)
G =
     2     8     7     6     5     4     3
















polymul
Multiply narrow-sense generator polynomial contain to elements is 
Syntax
P= polymul (a, b, Y)
Description
P= polymul (a, b, Y) returns a narrow-sense generator polynomial of two elements. This function was built to create Generator polynomial of Reed-Solomon code GP (E, Y).which  a & b are (X+ at) , where is t = 0,1,2,3….,m-2.
Examples
a narrow-sense generator polynomial of two elements (X + a1)(X + a2),the output will be X2 + a6X+ a3.
Y=GF (3, [1 1 0 1]);
P=polymul ([2 3], [2 4], Y)
P =
     2     8     5














encoder
Reed-Solomon encoder
Syntax
E=encoder (I, G, Y)
Description
E=encoder (I, G, Y), encodes the message in I using Reed-Solomon code with the narrow-sense generator polynomial G. I is an vecore of symbols each symbol having m bits 
Examples
The example below encodes one message words using narrow-sense generator polynomial of Reed-Solomon code GP (2, Y). 
Y=GF (3, [1 1 0 1]);
G=GP (2, Y)
G =
     2     3     3     6     8
I= [3 5 7];
E=encoder (I, G, Y)
E =
     7     6     1     1     3     5     7


















syndrome
Create syndrome vector for Reed-Solomon code.
Syntax
S=syndrome (E, Er, e_n, Y)
 Description
S=syndrome (E, Er, e_n, Y), create syndrome vector for Reed-Solomon code after add known errors Er which have (e_n integer number of error less than m) to encoded message E, Taking into account that the length of Er is equal to the E.

Examples
The example below create syndrome vector by add two errors Er=a2X3 + a5X2 to encoded message E.
G =GP (2, Y);
I = [3 5 7];
E = encoder (I, G, Y)
Er = [1 1 1 4 7 1 1];
S=syndrome (E, Er, 2, Y)
E =
     8     6     5     6     3     5     7
S =
     1     5     5     4















powmult
Create Fast Fourier transform vector of Galois field.
Syntax
M= powmult (alfa, r, Y)
Description
M= powmult (alfa, r, Y), create Fast Fourier transform vector of Galois field, it is used to create Syndrome, which alfa are shows below.

Table 5.3 show value of alfa of Galois field for X=
	GF elements 
	Y
	alfa 

	
	     0     1     0
	3

	
	     1     0     0
	4

	
	     0     1     1
	5

	
	     1     1     0
	6

	
	     1     1     1
	7

	
	     1     0     1
	8


Also r is the output of Er + E .
Examples
r = [1 3 1 4 7 5 1];

M= powmult (4, r, Y)

M =
     2     4     6     8     3     5     7










BerMass
Reed-Solomon decoder by Berlekamp-Massey Algorithm
Syntax
[A, R]= BerMass (S, t, Y)
Description
[A, R]= BerMass (S, t, Y), to decode Reed-Solomon code by fined the connection weight vector A and its roots R, then input is syndrome vector S and number of error t.

Examples
The example below encodes one message words using Reed-Solomon encoder. It then corrupts the code by introducing two errors in the codeword, Then BerMass tries to the connection weight vector A and its roots R that it used to know error location.

                                                                                                 Y=GF (3, [1 0 1 1]); 
G= [2 5 3 2 5];
I= [3 5 7];
E=encoder (I, G, Y);
Er= [1 1 1 4 7 1 1];
S=syndrome (E, Er, 2, Y);
[A, R]=BerMass (S, 2, Y)
A =
     2     8     2     1
R =
     3     5     6



























GAMMA
Error-evaluator polynomial ᴦ(x) =Λ(x) S(x)   (mod   )
Syntax
GA=GAMMA (A, S, t, Y)

Description
GA=GAMMA (A, S, t, Y), returns the error-evaluator polynomial of degree m-1 evaluated at X. The input argument A is a vector of length m+1, syndrome vector of length m+1 and t is number of errors.

Examples
The example below returns error- evaluator polynomial for connection weight vector A.

Y=GF (3, [1 0 1 1]); 
G= [2 5 3 2 5];
I= [3 5 7];
E=encoder (I, G, Y);
Er =[1 1 1 4 7 1 1];
S=syndrome (E, Er, 2, Y);
[A,R]=BerMass (S, 2, Y);
GA= GAMMA (A, S, 2, Y)

GA =

     2     5     5


