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ABSTRACT

This paper presents a lower bound on the number of parity-check
digits required for a linear <code that corrects random errors and
errors which are in the form of closed-loop low-density bursts.

INTRODUCTION

In some communication systems errors occur predominantly in the
form of bursts. There are of course many situations in which
errors occur in the form of a burst but not all digits inside the
burst get corrupted,i.e. errors occur in the form of low-density
bursts. In actual communication, while it is all important to
consider correction of low-density bursts, care must be taken te
correct at least up to a specific number of random errors no
matter where they lie.

Most of the studies regarding the detection and correction of
burst errors have been made with respect to what are called
“open-loop burst" defined as:"An open-loop burst of length b is a

vector whose only nonzero components are confined to b consecutive

1 This work was carried out while the second author was Visiting

Professor in L‘Aquila (June-July,1991) under C.N.R. grant.
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positions, the first and the last of which are nonzero" [5].

There is another definition of the term burst which reads: "A
closed-loop burst of length b, 2 = b = (n+l1)/2, 1ls a vector
[ai,aa,....an] whenever there is an index i such that 1 =1 = b-1,
#0 and a = = = a =0 ",

an-bﬂﬂ 1+1 al+2 n-b+1
This definition has also been found useful in certain

a »
1

communication systems though not much of the studies have been
carried out with respect to it. Clearly, the definitlon of a
closed-loop burst includes the definition of an open-loop burst,
therefore, while considering the class of closed-loop bursts of
length b or less, the set of open-loop bursts of length b or less

is included in it.

Sharma and Dass [6] have glven a lower bound cver the number of
parity-check digits for codes capable of correcting simultaneously
random errors and low-density open-loop burst errors. In this
paper, a lower bound over the number of parity-check digits for
codes capable of correcting simultaneously random errors and
low-density closed-loop burst errors has been derived.

In what follows, we shall confine ourselves to linear codes over
GF(q) of length n. The weight of a vector is understood to be in

the usual Hamming sense [3].
A LOWER BOUND

The following result presents a lower bound on the number of
parity-check digits required for a linear code that corrects all
random errors of weight m or less and all closed-lcop bursts of
length b or less with weight w or less. This result generalizes
the well-known sphere-packing bound as well as results due to

Campopiano [1], Dass and Muttoo [2], Muttoo and Tyagi [4].

THEOREM. The number of parity-check digits in an (n,k) linear code
over GF(q) that corrects all combinations of m or fewer errors and
all closed-loop bursts of length b or less with weight w or less,
1=m<w=Db<n/2, is at least

(n,m) b W {-2
logq [ [1+(g-1)1] + 1N 3 T [ye] (q—l}J] (1)

l=m+1 j=m+1



Num. 6 - 1993 Ratio Math. L. Berardi e B. K. Dass

where
m m r
1 +( ] ] >, i S, ( : ) x, 0<r=m
(14x] ™" 1, r=0
0 r <o

PROOF. Since the code 1is capable of correcting all errors of
welght m and less, all n-tuples of weight m and less should be in
different cosets of the standard array; their number, including
the pattern of all zeros, is
(m,n)
[1 + (g-1)] . (2)

Also, since the code corrects all those closed-loop bursts of
length b or less which are of weight w or less, all such burst
patterns must also be in different cosets except for those which
are random errors of weight m or less. Since the closed-loop
bursts of length m or less have weight m or less and hence are
included in (2), we need only compute the number of closed-loop
bursts of length m+1,m+2,...,b with weight greater than m but of
weight less than or equal to w. The number of closed-loop bursts
of length i (> m), i < n/2, with weight greater than m but of

weight less than or equal to w is

n I (5)@ (3)

J=m+1
which gives the number of closed-loop bursts of length m+l, n+2,
...,b with weight greater than m but of weight less than or equal
to w as
b W

n I I (E)en (4)

j-2
l=m+1 J=m+1

Thus, the total number of errors to be corrected becomes

{n,m) b W

+te-1  +n ¥ L (j3) @)’ (5)

1=m+1 j=m=+1
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Since there must be at least this number of cosets, and the total

number of available cosets is qW*, therefore we must have

n-k {n,m) b w _— r
q = [1+(g-1)] +n ¥ T ( o )(@-1)"  (6)
1=m+1 J=m+1

The theorem now follows by taking the logarithm on both the sides
of (6) to the base q. O

Incidentally, it can be shown that the result applies to

non-linear codes also.

DISCUSSION

For m = w, the second term in (5) vanishes and the bound reduces

to Hamming’s sphere-packing bound (cf.[5,Th.4.5]).

For w = b, the lower bound on the number of parity-checks obtained
in the theorem becomes

(n,m) b W {5 j
log, [ [1+@D1  +n £ I () {q-i]]

i=m+1 jJ=m+l

which coincides with a result due to Dass and Muttoo [2] obtained
for a code that corrects random and closed-loop burst errors

simultaneously.
Next, setting m = 1, the bound obtained in (1) reduces to

b W
1og | I+ntg-1)1 +n ¥ T (1) [q—l)j] (1)
q o =2
i=2 J=2
which coincides with a result due to Muttoo and Tyagi [4] obtained
for a code that corrects low-density closed-loop burst errors.

Lastly, for m = 1 and W = b, the bound obtained in (1), as

expected becomes
log, [ 1+ n(g-1) ¢ ] X

which was proved by Campopiano [1]
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