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Abstract. Linear partition Arihant (LPA) codes [2] have been in-
troduced by the author in [2] and a study of error correcting/detecting
capabilities of these code was made with respect to the random block
errors. Also, the concept of P-burst errors has been formulated by
the author in [4] to study clustered block errors that occur during
the process of communication. In this paper, we take up the prob-
lem of simultaneous correction of random block errors and P-burst
errors in LPA spaces and obtain a construction upper bound on the
number of parity check digits required for the same.
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1. Introduction

P-burst error correcting/detecting codes [4] are suitable for correct-
ing/detecting block errors which do not occur independently but are clus-
tered over a particular block length. These type of errors occur in many
situations. One important and practical situation is in which the mes-
sage is disturbed over a particular block length together with occasional
disturbances, thus, creating simultaneously P-bursts as well as random
block errors. Such a situation arise, e.g., in semiconductor memory sys-
tems where the memory is highly vulnerable to clustered block errors due
to bombardment of strong radioactive particles such as cosmic particles on
RAM chips and occasional /random block errors result from decay of RAM
chips. Therefore, in actual communication/storage while it is important
to consider correction of P-bursts, care must be taken to correct random
block errors of upto a specified Arihant weight irrespective of the block
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position where they occur. Keeping this in view, in this paper, we obtain
a construction upper bound on the number of parity check digits required
for LPA codes correcting simultaneously random and P-burst block errors.

2. Preliminaries

Let ¢,n be positive integers with ¢ > 1. Let Z, be the ring of integers
modulo g. Let Zj be the set of all n-tuples over Z,;. Then Z7 is a module
over Z,. For q prime, Z, becomes a field and Zj becomes a vector space
over Z,. A partition P of the positive integer n is defined as

P : n=n;+ny---+n, where
I<ni<ny<---<mgs>1

The partition P is denoted as
P :n=[n][na]---[ns.
In the case, when

P:n = [mq]---[mi] [mg]---[ms]

I;- copies I~ copies
[mr][mr] ,
~—_———

I.- copies

we write

I

Pma] - [ma]",

P :n=[m]
where m; < mg < -+ < m,.
Given a partition P : n = [ny][ng]---[ns] of the positive integer n, the
module space Z; over Z, can be viewed as a direct sum
Z; = 7P erre o7
or
Vi=VieWho- -V,

where V = Z; and V; = Zy forall 1 <i<s.

Consequently, each vector v € Zj can be uniquely written as v = (1,09, -, V)
where v; € V; =7y for all 1 <1 <s.
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Here v;(1 < i < s) is called the it block of block size n; of the vector v.

Further, we define the modular value |a| of an element a € Z, by

o= if 0< a<gq/2
a9 = g—a if g/2<a<qg-1

We note that non-zero modular value |a| can be obtained by two different
elements viz. a and ¢ — a of Z, provided {q is odd} or {¢ is even and a #

[q/2]} Le.

g is odd
la| = |¢ —a| if or
q is even and a # q/2.

If g is even and a = [¢/2] or if a = 0, then |a| is obtained in only one
way viz. |a| = a. Thus there may be one or two equivalent values of |a|
which we shall refer to as repetitive equivalent values of a. The number of
repetitive equivalent values of a will be denoted by e, where

|1 if {q isevenand a=][q/2]} or {a =0}
“=V12 i {q isodd and a # 0} or {¢giseven,a# 0 and a # [q/2]}.

3. Definitions and notations
We begin with the discussion of LPA codes [2]:

Let n,q be positive integers with ¢ > 1. Let P : n = [ni][ng] - - - [n4]
be a partition of n. We define Arihant metric on Zj corresponding to the
partition P as follows:

Let v = (v, v, +,v,) € Ly = L ©Zy* @ -+ @ Zj*. The Arihant
weight of the i** block v; € Z;(1 < i < s) of the vector v corresponding
to the partition P of n is defined as

wh(vr) = o))

where

v o= @700, ) €7y

i
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Thus the Arihant weight of a block is the maximum modular value amongst

all its components. Then the Arihant weight of the vector v = (vy, vg, -+, v5) €
Z; © L@ - @72y corresponding to the partition P is defined as the
sum of Arihant weights of all its blocks i.e.

W) = iwi(vn.

For any u = (uy, ug, - -+, us) and v = (vy, vg, -+, v5) € Zy =1,DLpd @
Z7, we define the Arihant distance (or Arihant metric) d’(u,v) between
w and v as

d5(u,v) = wh(u —v).
Then d is a metric on Z} =Z* & --- © Z}*.

If the partition P is clear from the context, we shall denote Arihant
weight by w, and Arihant metric by d4 only.

Definition 3.1 [2]. A linear partition Arihant (LPA) code corresponding
to the partition P : n = [n]-- - [n,] is a Z,-submodule of Z} = Z7* ©Z;* ©
-+ @ Zp* equipped with the Arihant metric and is denoted as [n, k, da; P]
or [n, k; P] code where

k = rankg (V),

and
da = da(V)
= minimum Arihant distance
of V
= min{da(u,v) | u,u’ €V,
u # u'}.
Remark 3.2.
1. For P : n = [1]", the linear partition Arihant codes reduce to the

classical Lee weight codes [6,7]. For this partition, the Arihant dis-
tance and Arihant weight reduce to classical Lee distance and Lee
weight respectively.
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2. For ¢ = 2,3, the linear partition Arihant codes reduce to the linear
error-block codes [1] and the Arihant metric reduces to the m-metric
introduced by Feng et al. [1].

3. In general, we have

m-metric < Arihant metric

< Lee metric,
or equivalently

m-weight < Arihant weight
< Lee weight.

We now define P-burst in Zy = Z7* ® Zy? @ - - - @ Zy* as follows [4].

Definition 3.3 [4]. Let n be a positive integers and P : n = [nq][ns] - - - [ns],

1 <ny <nyg <--- < ng be a partition of n. A P-burst of block length

b (1 <b<s)isavector v = (vy,0s,---,05) € Z = @Z2 such that all
i=1

the non-zero blocks in v are confined to some b consecutive block positions,

the first and last of which are non-zero.

Definition 3.4 [4]. A P-burst of block length b or less (1 < b < s) is a
P-burst of block length ¢t where 1 <t <b < s.

Throughout this paper, we shall use the following notations:
1. [z] = The largest integer less than or equal to x.
2. [x] = The smallest integer greater than or equal to x.

3. Q;=The sum of repetitive equivalent values up to i i.e.,
Qi:€0+61+"‘+6i

where e; denotes the repetitive equivalent value of 7.
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4. Construction upper bound for LPA codes correct-
ing simultaneously random and P-burst block er-
rors

In this section, we obtain a sufficient bound on the number of parity
checks required for an LPA code that correct all random block errors of
Arihant weight ¢ or less (¢ > 1) simultaneously with all P burst errors of
block length b or less (b > 1) with Arihant weight w or less (w > t).

To prove the result, we need the following.

Let A§j;1’"2""’"s> [5] denote the number of all n-vectors corresponding
to the partition P : n = [ny][ng] - [ns with 1 < ny3 < ng < -+ < ny
having Arihant weight ¢ over Z,. Then A e ") ig given by :

lq/2]
A 3 (THL0Q)™ = @), (1)
r=(ry;) t=15=0

where r = (r;;)(1 <1i < 5,0 < j < [q/2] satisfies

(i) for a fixed i(1 < i < s),7;; = 1 for exactly one value of j(0 < j <
[q/2]) and 0 elsewhere; and

(i)

s la/2]
ZZ]’/‘Z‘]‘ =t. (2)
i=1;=0
Again if V;(nl M2 Jenote the number of all n-vector corresponding to
the partition P : n = [ny][ng]---[ng,1 < - < nyg < --+ < ng having

Arihant weight ¢ or less over Z,. Then V, (n,n2.ms) 49 oiven by

‘/t(nl M2, ZA(nl M2, (3)

We now give a definition for linear combination of vectors having
Arihant weight w.
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Definition 4.1. A linear combination of vectors uy, us, - - -, u, given by
)\1.’&1 + )\Q.UQ + -+ )\T.ur,

where \; = (A, A0 Al W), u; = (ugl),ug),-~-,u,f) € Zyi for all 1 <

i < r and (.) denote the usual dot product of vectors, is called a linear
combination of Arihant weight w if

max|)\( |+max+ |>‘1(;2)| +...+I§%X|)\l(r)| _

The following lemma enumerates the number of Arihant weighted P-
bursts in block coding:

Lemma 4.2. The number of P bursts of block length b or less with
Arihant weight g > 1 in the space of all (ny +mng +- - - 4+n,;_1)-block vectors
over the ring Z, is given by

b j—m

CbSomg) = 1 Tma+ XT3 (@)~ (@) x

m=2r=1 “2<\1+Xa<g
A Ag>1

(@) = (@) AT ) (@)

where

—1

OQ(lafni,g): :1 —(Qg—1)™) if g <|q/2],

0 if g>q/2],

<.

.

a]:.ld A(nr+1 M2y Ny m— 2)

g-M—A2,q is given by (1) satisfying (2).

Proof. There are two cases:
Case 1. When b = 1.

In this case, the number of P-bursts of block length 1 with Arihant weight
g in the space of all n; +ng + - - 4+ n;_;-tuples over Z, is given by

—1

1. ) - S@en sl )

1=

0 if g>[q/2].

<.

—_
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Case 2. When b > 2.

Consider a P-burst of block length m and Arihant weight g where 2 < m <
b<j—1and g > 1. Such a P-burst can have first (j —m) block positions
as the starting block positions. Suppose the P-burst starts at the 7** block
(1 <r < j—m) and suppose that the Arihant weights of the starting and
ending blocks are A\;(# 0) and Aa(# 0) resp. Then the number of choices
for the starting 7 block and ending (r +m — 1) block together is given
by

((@x)" = (@x—2)" ) (@)™t = (Qap 1) 7). (6)

The remaining (m —2) blocks viz (r+1)%", (r+2)%, .-, (r+m—2)" blocks
of the P-burst should make up a sum of Arihant weight g — \; — A3 so that
the total Arihant weight of the P-burst becomes equal to g. The number
of ways in which these (m — 2) blocks can be filled is given by

(Mt 1,Mr 42, N fm—2)
Ag_/\l_)\%q ) (7)

(1,42, T —2)
where A,V

is given by (1) satisfying (2).

The total number of P-bursts of Arihant weight ¢ and block length m
starting from the r** block is obtained by multiplying (6) and (7) and then
summing the resulting product for different values of A}s and \js satisfying

AM>1, A >1,2< )\ + X <gand is given by

Z ((Q)q)nr - (Q)\1—1)nr)((Q/\2)nr+m_l - (QA2—1)nT+m_1) X

2<A1+A2<g
AoAg>1

A (®)
Since r can take values from 1 to j —m and m can take values from 2 to b,
therefore, summing (8) for different values for m and r gives the number
of P-bursts of block length varying from 2 to b and having Arihant weight
g and is given by

b j—m

S (X (@) - @)

m=2r=1 “2<A1+X2<g
Al Ag>1

(@)=t = (Qupe)" Ao ) ()
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The result now follows by adding (5) and (9). O

Remark 4.3.(i) The number of all P-bursts in Z! = @Z7* of block length
i=1
b or less (b < s) with Arihant weight w or less is given by

Ca(b, Y niw) =14 Co(b, > n4, g)
i=1 g=1 i=1

(ii) The number of all P-bursts in Z7 = @)Z}"* of block length b or less
1=1

(b < s) having Arihant weight lying between w; and wy is given by

O:;(bv Zniawlan ZC b ana
i=1 g=w1
We now prove the sufficient bound which is infact a construction up-
per bound on the number of parity check digits required for LPA codes
correcting simultaneously random and P-burst block errors.

Theorem 4.4. Let n be a positive integer and P : n = [nq][ng] -+ [ng], 1 <
ny < ng < --- < ng be a partition of n. Let t,w and b be positive integers
such that 1 <t < w < blq/2] and 2 < b < s. Then a sufficient condition
for the ezistence of an [n,k; P] LPA code over Z, (q prime) that correct
all random block errors of Arihant weight t or less and all P-burst of block
length b or less with Arihant weight w or less is given by

) a2
¢z Ve (@ - @)) <o (o)

where

t+w A s—1
Cylt, S pr) A | +

P2,9
p1+p2 2t+1 A

(V ns— b+1 Ms—bt2, s Ms—1) ‘/;(_ni—qb-klvns—b+2v"':ns—1)) %
K

w—

s—b
tT(l; N2, Mg —p) (C; (b, Z?’Li, t+ 1, ’LU)) X

i=1
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10
(ns b+1 Ng—b4+2,""MNs— 1 (ns b+17ns—b+27"'7ns—1)
V (V;f A,q +
Cy(b—1, an,2t+2 A 2w — )
s—b+1
b—1 (minlg/2],w-1)
Z Z Z (( 'gs—2b+k+1 _ (Qe_l)ns—2b+k+1) %
k=1 = 7160:7260,730
(Ms—2b4 k41,10 ng_p) (Ms—bt1,... ng_pik) (Ms—ptkti, mg_1)
ATlgq b ATZG,q . Ar39q o ! ?
and

2< 1 Sw;0<p <t = N1<0+ry<w-—1;

1< 41y <2w—1—=X\2t+2 =A< 0O+ 7119+ 7199+ 739 < 20— A
0<rsp <w—Ajrog+r3g >t+1—\

O+rg+ry>t+ 1.

(Note. The functions C, and C’;‘ are defined in Lemma 4.2. and Remark
4.3 respectively.)

Proof. The existence of such a code will be proved by constructing an
appropriate (n — k) X n parity check matrix H for the desired LPA code.
Suppose we have chosen first (j — 1) blocks viz. Hy, Ho, -+, Hj_; of block
sizes ni,ng, - -,nj—1 resp. The 4" block Hj of size n; can be added to
the parity check matrix H if the conditions in the following three cases are
fulfilled:

Case 1. Since the LPA code is to correct all combinations of Arihant
weight ¢ or less, therefore, the minimum Arihant distance of the code must
be at least 2t + 1. Thus, the block H; = (hgj), héj) e hﬁj}) to be added to
the parity check matrix H can be any set of n; column vectors of length
n — k satisfying

where \; = ()\gi),)\éi),-~- AD) e Zriforall 1 <i<jandl <wa(A)+

wa(Aa) - wa(hy) = mdAD] -+ idx N+ A < 2t
The number of such linear combinations including the vector of all-zeros is

given by
Vg ™) (11)
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where \/5&”; M) o given by (3).

Case 2. Secondly, since the code is required to correct random block errors
of Arihant weight ¢ or less simultaneously with all P-burst errors of block
length b or less with Arihant weight w or less, therefore, the syndrome of
any two error patterns, one random of Arihant weight ¢ or less, another a
P-burst of block length b or less with Arihant weight w or less must not be
the same except when both error patterns are same. This will imply that
no codeword is the sum or difference of a random block error of Arihant
weight t or less and a P-burst of block length b or less with Arihant weight
w or less (except when the two errors are same), i.e. any random block
error of Arihant weight ¢ or less is not in the same coset of the standard
array as that of any P-burst error pattern of block length b or less with
Arihant weight w or less.

For this condition to be satisfied, again we have two subcases:

Subcase (i) When j block is included in the random block error
of Arihant weight t or less.

In this case. we have
(MHy+ X Hy+ -+ N Hj) 4+ (Be.He + Bg. Hy + - - -+ B1.H;) # 0, (12)

where B..H, + Bq.Hg + -+ + B.Hi(B; € Zy* for all 1 < i < 1) is any
linear combination of Arihant weight w or less from b or fewer consecutive
blocks taken from previous chosen j — 1 blocks viz. H;, Hy,---, H;_; and
)\1.H1 + )\Q.HQ + -+ )\]H]()\@ € Z;LZ for all 1 S 7 S j — 1,)\]' € ZZ]/O}
is any linear combination of Arihant weight ¢ or less of the first previously
chosen (j — 1) blocks viz. Hy, Ha,---, H;—; and the j block H; to be
added. Equivalently, we can say that A\.Hy + Ao . Hy + -+ + \j_1.Hj_ is
any linear combination of Arihant weight ¢t — X\ or less of the previously
chosen first (j — 1) blocks where 1 < A =wa();) = niliélx|)\§j)| < [q/2].

The condition (12) assures that the syndrome of any block error pattern of
Arihant weight ¢ or less is not equal to that of any P-burst of block length
b or less with Arihant weight w or less in all cases except when subcase (ii)
occurs.

Subcase (ii). When ;" block is included in the P-burst of block
length b or less and the patterns of Arihant weight exactly equal

Available on line at www.alexjournal.org/math



Alexandria Journal of Mathematics (ISSN 2090-4320 )

Volume5 -Numberl - March 2015

12

to “t” are selected from the first j — b blocks.

In this case, we have

(g Hj + o1 Hj + -+ v Hjppn) +
(vi-Hy +ye-Ha + - + -0 Hjp) # 0, (13)

where a; € Zy' for all j —b+1 <i < j,a; # (0,0,---,0); v € Z7 for all
1<i<j—band 1l <wy(y1)+waly)+- - +walyj_) =t

Here vi.Hy 4 2. Hy + - - - + 7j_p.H;_p is any linear combination of Arihant
weight exactly equal to “¢” from the first j — b blocks viz Hy, Hy, - -+, Hj_
and a;.H; + 1. Hj_1 + -+ - + aj_p41.H;_p411s any linear combination of
Arihant weight w or less of the j™ block to be added and the immediately
preceding b — 1 blocks viz. H;_1,H;_o, -+, H;_p41. Equivalently, we can
say aj_1.Hy + -+ + aj_pp1.Hj_p4q1 is any linear combination of Arihant
weight w — A or less of the immediately preceding (b — 1) blocks where

1A = walay) = wa(yy) = max\| < [g/2).

We now enumerate all possible linear combinations occuring in (12) and
(13). Since all possible linear combinations of Arihant weight 2¢ or less
(including the weight of the j block) are included in (11), therfore we
choose coefficients in (12) such that

2t+1 <

l
A e 3(w)
A |+;g13§|ﬂy | <t+w
l
=2%+1-)\ < Zn{‘éf PYRIEE Zn{‘élxwm <t+w-—N (14)
i=1 = v=c Y=

where 1 <\ = H%X|>\z(‘j)| < q/2].
Also,

t+1—)\ SwA(aj_l)—l----—i-wA(aj_bH) Sw—)\. (15)

In order to do so, let

wa(Be) +wa(Ba) + - +wa(B) = ZmaXW | = p1,
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and
j-1 _
wa(h) +wa(he) + -+ wa(Ajr) = Y x| AP = p,
i=1 "
then we have
204+ 1 —-A<pr+p<t4+w-—A\ (16)

where 2 < p; <w,0 <p, <t— A\

Now, (ls (¢ < i <) which form a P-burst of block length b or less with
Arihant weight p; in a block vector of size n; + ng + --- + n;_; can be
selected (using Lemma 4.2) in

j—1
Cy(b, Z”i’ p1) ways. (17)
i=1

Also, the X s (1 < m < j— 1) can be selected in

A(n1,n2:"'vnj—1) ways. (18)

P2,9

Thus the total number of linear combinations occuring in in (12) is given

by
lq/2] tHw—\ Jj—1
STUQN™Y = (@x-1)™) D> Colb,dng,pr) Aoy (19)
A=1 P1,P2: =1

p1tp2=2t+1—X

where py, py satisfy (16).
Further the afs (7 —b+ 1 < i < j — 1) satisfying (15) can be chosen in

2

~

q

(]

(@A) = (Qr-1)") X

>
Il

1
TUi b 1s T — b2y Tl — TUi b 1s T — bt 2y Tl —
Vu()_J)\ Z—‘rl Jobt2ymi—1) ‘/t(—)]\ qb+1 b2y T 1)) ways. (20)

Finally, v.(1 < e < j — b) can be chosen in

Agzl’nz’m’nj_b) ways. (21)
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Thus, the total number of linear combinations occuring in (13) are given
by

la/2] _ _

(@) = (Qa=1)™) X

A=1

(Vu(ﬁj)\—ZH7nj—b+2r"7nj—1) . t(:lg;;]b+17nj—b+27"'7nj—1)) %

A,EZ’M’W’W_”) ways. (22)

Therefore, the total number of linear combination arising out of case (2) is
obtained by adding (20) and (22) and is given by

la/2] tHw—X\ j—1
Y@ -@(( X Gl Tmem) x

— P1,p2:
A=l p1+po=2t+1-X
(n1,n2,mj_1) (b 1mj—bt2,mi—1) 1 (Mj—bt1,My—bp2, s M5—1)
Apz,q + Vw—A,q Vt—A,q X
(n1,m2,nj_1)
At,q ) (23)

where py, pe satisfy the inequality (16).

Case 3. Lastly, we are to exclude the possibility of the same syndrome of
any block error pattern each of which is a P-burst of block length b or less
with Arihant weight w or less. For this case, the sum of any two linear com-
binations each of Arihant weight w or less, the one involving j™ block H;
and the immediately preceding (b — 1) blocks viz. H;_1, Hj_9, -+, Hj_p+1
and the second involving b (or fewer) consecutive blocks amongst the first
(7 — 1) blcoks chosen so far should not to be zero i.e.

(nj-Hj +nj—1.Hj_y + -+ nj_py1. Hj_p11)
+(04,.Hyy + 04y Hiy + -+ -+ 0;,.H;,) # 0, (24)
where

{Hila HiQ? T HZb} - {Hla H2a T H]—l}a
€ ZM for all j—b+1<i<j, n;#(0,0,--,0);
0y € Zy' for all 1 <1 < (25)
t+1<wa(n;) +walnj—1) + -+ walnjper) < w;
t+1<walm,) +waldiy) + - +wald;,) < w.
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To compute the number of all possible linear combinations occuring in
(24) for all possible choices of ; (j —b+1 <1 < j;n; # (0,0,---,0) and
9;, (1 <1 <b), we analyze the situation in three different subcases:

Subcase (i). When 6;(1 <1 <) in (24) are taken from the first
(j — b) blocks.

It ic clear from (25) that

b

1< walb,) < w, (26)
=1
and
j-1
t+1-X2< Z wa(n;) <w — A, (27)
I=j—b+1

where 1 < X\ =wu(n;) < [q/2].

The number of 7;(j — b+ 1 < i < j — 1) satisfying (27) is given in (20)
whereas d;,(1 <[ < b) which form a P-burst of block length b or less with
Arihant weight lying between (t+1) and w in an (n;+ns+- - -+n,_p)-block
vector can be chosen in

j—b w j—b
O;(ba an 1+ ]-7 ’LU) = Z Cq(b’ N, g) ways, (28)
i=1 g=t+1 =1

j—b
where Cy(b,> n;, g) is given in (4) in Lemma 4.2.

i=1
Subcase (ii). When §;(1 < ! < b) in (24) are taken from the
immediately preceding (b — 1) blocks.

In this case, the number of additional ways in which n; (j—b+1 <i < j—1),
n; # (0,0,---,0) and 6; (1 <1 < b) can be selected is given by

la/2] j—1
@)™ = (Qa-1))(Ca(b—=1, > my,2t+2—X2w—N). (29)
A=1 i=j—b+1

Subcase (iii). When 0;(1 <[ < b) in (24) are neither completly
confined to first (j — b) blocks nor to the last (b — 1) blocks.
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In this case, the ¢;, (1 < < b) are selcetd from the blocks H;_gp19, Hj_op13,

-+, H;_y in such a way that not all are taken either from H;_op10, H;_op43, -, H;j_p

or from H;_y41, Hj_pyo, -+, H;_1. Let us suppose that the P-burst starts
from the (j—2b+k-+1)"" block position which may continue upto (j—b+k)™"
block position (1 < k < b —1). Also, let the Arihant weight of the
(j —2b + k + 1)" block be 6 where 1 < 6 < min([g/2],w — 1). The
total number of choices for selecting the components of (j — 2b + k + 1)%
block is given by

(@)t = Qo)

Our objective is to select non-zero blcoks from the (j — 2b+ &k + 1), (j —
20+ k+2)h oo (G- G -b+ 1) b+ R (G —b+k+
1)t ... (j — b)™ blocks having sum of their Arihant weight w or less. or
this, let us have linear combinations of Arihant weight riy of blocks of
columns from the (j —2b+k+2)" - (j—b)™ blocks; linear combination
of Arihant weight ry of columns from the (j — b+ 1) ... (j — b+ k)*
blocks and lienar combinations of Arihant weight 739 of columns from the
(j—b+k+1)" .. (j—)" blocks. The total number of choices of the
linear combinations occuring in (24) arising out of subcase (iii) turns out
to be

la/2]

> (@7 = (@)

A=1
(b_l (min[q/2],w—1)

k=1 =1 716,720,730
((Qg)nj_2b+k+1 _ (Qe_l)nj_2b+k+l)Ai”ll;";2b+k+1,...,nj_b) « (30)
A,E,Zg’;b+17...’nj_b+k)A£Zg’;b+k+l7...7nj_1),

where

1<O0+ry<w-—1;

1 <419 <2w—1- )X

0< +ryp <w— X

rog + 139 >t +1— X

O+ rig+rye>t+1

26 4+2—A<O041r1g+r99+139 < 20—\,
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Thus the total number of possible distinct linear combinations arising out
of Case 3 are given by

(20) x (28) + (29) + (30)
j—b la/2]
— (C’;(b, Z:”i’H l,w)) <Z_:((Q,\)nj —(@Qr=1)™) %

(Mj—bg 1,7 —bg2, 5T —1) (Mj—bg 1,7 —bg2, 5T —1)
<Vw—J)\,q+ j—b+ i-1) (Vt—)j\,q+ j—b+ j +

la/2] i
DU = (Qa=1)) | Cob—1, > mi,2t+2—X2w—N) | +
- i=j—b+1
la/2] 1 (minfg/2w—1)
Z((Q/\) — (Qx-1) (Z Z Z
= T197T29,r39
Q)21 — (Qaua )i ) A, 4w
(=1 1=t k) A (MG —bha15m5-1) -
T20,q 30,4 .

Therefore, the total number of possible distinct linear combinations arising
out of all the three cases including the pattern of all zeros is given by

(11) + (23) (31)

(n1,m2,,m;)

= ‘/th +
la/2] t+w—X\ j—1
> Q)" - (Q/\—l)nj)<( S Colb,> ni,pr) X
A=l P1 P2 i1

p1tpa=2t+1—A

A(nl,n2,~~~,nj—1)> + (V(nj—b+1777«j—b+27'”,nj—1) V(n’ b1 bt 257 5Tl — 1)) x

2,9 w—A,q t—Aq

A=1

( . j—b la/2] . .
Afranzns ) + (C;(b, > ngt+ 1,w)) (Z((Qx)"] — (@x-1)™) x
=1

(Mj—bg 1,7 —bg2, 5T —1) (Mj—bg 1,7 —bg2, 5T —1)
(V’LU—J)\,Q+ j—b+ i-1) (Vt—)j\,q+ j—b+ j +

la/2] j—1
> (@)™ = (Qx-1)") (O;(b—l, > m,2t+2—A,2w—A>)+
A=1 i=j—b+1

la/2] 1 (minlq/2],w—1)

> ((Q)"Y = (@) (z > ¥

A=1 7160:720,r3¢
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((Qo)s-41 — (Quor)™s- kst Apiy 4 o
A1 —btk) A(Mj—btht15mj-1)
720,q 7360,q
— L (say),

Hence the j™ block H; of block size n; can be added to H if the number
of (n — k)-tuples i.e. ¢" % is at least as large as L i.e. if

" F > L. (32)

For the existence of an [n, k; P] LPA code where n = ny + ng =« -+ + ng,
the inequality (32) must hold for j = s so that it is possible to add upto
s block H, to form an (n — k) x n block matrix and we get (10).

6. Conclusion

In this paper, we have obtained a construction upper bound for LPA
codes over Z, correcting random block errors and P-burst errors simulta-
neously. The bound has been obtained by an algorithmic procedure by
way of constructing a suitable parity check matrix for the code.
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