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Linear unequal error
protection (UEP) code

Message vector M = (M1 M2 … Mf) , where the length of Mi is equal ki

and 

k1+k2+…kf = k .

Codeword C=(M R) , where the length of R is equal r and 
k+r = n.

Separation vector S=(s1 ,s2 ,..,si ,…,sf ), 
si = dist(C(j) , C(l)) , where C(j) =(M(j) R(j)), C(l) =(M(l) R(l))

and wt(Mi
(j))>0, wt(Mi

(l))>0.

Error correcting vector T=(t1 ,t2 ,…,ti, … , tf) , ti= (si-1)/2.

Minimal distance of the code is
d = min(s1, s2,…,sf)



Optimal (t1, t2) UEP codes
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Hamming bound for UEP codes



Optimal (2, 1) UEP codes
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where - primitive element of GF(22m) ,
1m2  - primitive element of GF(2m) ,

m is integer , m ł (2m-1) , i.e. m is odd.

This code has the following parameters:
the length of the code is n = 22m -1,
the redundancy is r = 3m and
the dimension is k = 22m - 3m -1, k1 = 2m- m- 1,
error correcting vector T=(2 ,1 ), t1=2 , t2=1



Optimal (t, 1) UEP codes
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where - primitive element of GF(22m) ,
1m2  - primitive element of GF(2m) ,

m is integer , m ł (2m-1) , i.e. m is odd.

This code has the following parameters:
the length of the code is n = 22m -1,
the redundancy is r = (t+1)m and
the dimension is k = 22m – (t+1)m -1, k1 = 2m- (t-1)m- 1,
error correcting vector T=(t ,1 ), t1=t , t2=1



Generalized (L,G) codes
A generalized (L,G)-code is defined by two objects:

• Locator set L consisting of rational functions

where vi(x), ui(x) are polynomials with coefficients from GF(qm) such that
degvi(x) <degui(x) and gcd(ui(x); vi(x)) = 1; ui(x)  uj(x) for any i  j;

• Goppa polynomial G(x) with coefficients from GF(qm) such that
gcd(ui(x),G(x)) = 1.

A vector a = (a1 a2 … an) is a codeword of the generalized (L,G)-code with
length n if
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Generalized (L,G) codes
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Optimal (2, 1) UEP codes
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where - primitive element of GF(22m) ,
1m2  - primitive element of GF(2m) ,

m is integer , m ł (2m-1) , i.e. m is odd.



Optimal (2, 1) UEP codes
By reordering the columns of parity check matrix H it can be rewritten in

the following form
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It is possible to update parity check matrix H by two linearly dependent rows:

 )222(2)22(2222)22(242 .........1  mmmm


 )222(4)22(4244)22(484 .........1  mmmm




Optimal (2, 1) UEP codes
Therefore we obtain new parity check matrix H :
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Optimal (2, 1) UEP code as a generalized (L,G)-code

To construct optimal (2,1)UEP code  let us choose following 
objects for generalized (L,G) codes:

• Goppa polynomial G(x)=x4.

• The subset L1 of numerators for the first n1 = 2m - 1 
positions is

)2(,
1

,,
1

,
1

,
1

1
1

1

11

2

2

1
mGF

x
n
n

xxx
L 














 















where

434232 mod
1

xxxx
x

iiii
i

i



 




Optimal (2, 1) UEP code as a generalized (L,G)-code

• The subset L2 of numerators for the second 

n2 = 22m – 2m positions is
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Optimal (2, 1) UEP code as a generalized (L,G)-code

Binary vector
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with the length n = n1 + n2 , n1 = 2m - 1 , n2 = 22m - 2m

is a codeword of generalized (L, G)-code with (2,1) 
unequal error protection if
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Decoding algorithm for (2,1) UEP (L,G) codes

Step 1: To calculate a syndrome polynomial E(x) by the
received vector b=a+e:
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Step 2: To find the appropriate rational function
by using the extended Euclidean algorithm :
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Decoding algorithm for (2,1) UEP (L,G) codes

Step 3: One or more errors take place in the second part of
the codeword with the locator subset L2 and not more
than one error takes place in the ¯first part of the
codeword with the locator subset L1.

To calculate a syndrome polynomial E(1)(x) by the received
vector b(1) =a(1) +e(1):
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Find the appropriate rational function
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Q & A

Thank you!


