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Abstract

This paper presents the non-existence of (8,4)-2 burst error correcting perfect code
over GF(2). An (n,k) linear code is said to be perfect if for some positive integer b,
it corrects all b and fewer errors and no more.
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1. INTRODUCTION

Fire (1959) gave the lower bound on the number of parity check digits
required in a linear code over GF(q) that corrects all bursts of length b or less as
follows:

9" 2g"[(q-1)(n-b+1)+1]. (1.1)

A code will be b-burst error correcting perfect, if it corrects all the burst errors of
length b or less and satisfies the equality

9" =q""[(@-1)(n-b+1)+1]. (1.2)

The problem of non-existence of linear as well as perfect codes has been a good
exercise for mathematicians for the last several years. The Non-Existence of
Certain Binary Linear (n, k)-Codes with different values of the parameters n and k
satisfying equation (1.2) was given by Hill and Traynor [2]. Also, the non-
existence of ternary linear codes has been given by Eupen [4], Dasakalov and
Metodia [8]. However, the non-existence of (n, k)-perfect codes have been proved
in a series of papers by Eupen [5], Hamada and Watamori [6] and Landjev [3].
The non-existence of Ternary perfect codes were obtained in [7] and also it has
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been mentioned by Tuvi Etzion [9], that (8,4)-2 burst correcting perfect code does
not exist.

In this small note, we prove by using parity check construction technique,
that (8,4)-2 burst error correcting perfect code does not exist.

2. NON-EXISTENCE OF (8,4)-2 BURST ERROR CORRECTING CODE
OVER GF(2)

To explore the possibility of existence of burst error correcting perfect
codes, it is evident that equation (1.2) must have integral solutions for g, n, k and
b. Though (8,4)-Code satisfies the equation (1.2) for b=2 and g=2, however, we
illustrate in our next result that it is not possible to form a parity check matrix for
this code.

Result: (8,4)-2 burst error correcting code over GF(2) does not exist.

Proof: We prove this theorem by assuming that such codes exists. So let us
suppose that H denotes the parity check matrix for (8, 4)-2 burst error-
correcting code.

Since n — k = 4, therefore, the most trivial way in which the first four columns of
H can be constructed, is to take the binary representation of the numbers 1, 2, 22,
2%i.e.(0001),(0010),(0100) and (10 0 0) columnwise.

Suppose we take H as

0001010 x
0010111y
0100011 z
1000101 w).

Let S denote the set of all the non-zero 4-tuples over GF(2). Then
S=GF(2)*~{(0,0,0,0)}
s 1S|=2*-1=15

Let A denote the set of all the syndromes corresponding to the error pattern of first
seven columns (i.e. 1%-2", 2M-3" 34" 4M.5" 5M.6" and 6"-7" including the
vector (0 11 1)) of H. Then

0001, (0010), (0011, (010 0),
A_)(010D, (0110, (0111, (L00O),
“l@oo01, @011, (1100), (110 1),
1110)

Also if B=S~ A, then
B={(1010), (1111}
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Therefore |A|=13 and |B|= 2
Clearly S=AuUB and AnB=¢
So that |S|=|A|+]|B]|

Then for H to be the parity check matrix of (8,4)-2 burst error correcting code,
each of the two elements in the set C ( set of all the syndromes corresponding to
7" and 8™ columns of H including the vector (x y z w)) given by

C={(xyzw),xy+lz+1w+1)}

must not belong to A. So in order to prove that the above code exist, we must
have

CcB (-S=AuBand AnB=¢)

But if we take the element (xy +1 z+ 1w + 1) of Cin B, then we always arrive
at a contradiction. For example, if we take (xy+1 z+1 w+1)inBas(1010),
then we have

(x y+1 z+1 w+l) =(1 0 1 0)
= x=1y=12z=0, w=1
= xyzw=(1101)
Xy z w)eA
This is a contradiction to our assumptionthat (X y z w) ¢ A.

Similarly if we take (x y+1 z+1 w+1) in B as (1 1 1 1), then again we get a
contradiction.

Therefore it is not possible to add the eighth column in H and hence we are
unable to find H which may yield different syndromes in the respective error-
pattern syndrome table. Hence the result.

3. OBSERVATIONS
By considering equation (1.2) i.e.
0" =g""[(a-D(n-b+1)+1],
q" P +(@-)b-q
(9-1)

For determining n, the code length, and k, the number of information digits for a
code over GF(q), we assign different values to b as follows:

(1) b =1: Equation (3) reduces to
g —1
g-1

we get n=

©)

n=

(3.1)
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It is well known that this equation has infinitely many solutions and
corresponding to every solution there is a single error correcting perfect
code viz. Hamming code.

(i)  b=2: Equation (3) reduces to

o q(nk)(; J_rgq -2) (3.2)

Clearly equation (3.2) has infinitely many integral solutions, which shows
the possibility of the existence of 2-burst error correcting perfect codes.
(i) b =3: Equation(3) reduces to
(n—k)-2 _
-4 +24-3 (3:3)
(a-1)

which leads to the similar assertion as in the above two cases, leading to
the possibility of the existence of 3-burst error correcting perfect codes.

Continuing in this manner it is evident that for higher values of b viz. b = 4,5,...
equation (3) has infinitely many solutions.

Based on this study it may be observed that there does exist a class of perfect
codes for a fixed value of b. Such codes correct only b-adjacent errors for fixed b
and have been studied by Sharma & Dass [1].

4. CONCLUSION AND REMARKS

We have investigated the solutions of equation (1.2) forb =1, 2, 3, .... (Section 3)
and it is hoped that equation (1.2) shall have solutions for higher values of b also,
leading to the possibilities of the existence of perfect codes.
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