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ABSTRACT -~

A new apprcach for correcting multiple
errors and detecting an additive overflow
in the Residue Number System (RNS) is sugg-
ested. It works with the code whose redun-
dancy is in the form of magnitude indices.
The residue representzation of a number with
magnitude index is reconsidered. The RNS
with magnitude index were first studied by
Sasakil® and RaolS and then by Barsi and
Maestrini5,6, mhe range of a given RNS isg
divided into intervals of equal width and
the magnitude of a number X is defined as
a integer locating X into one of such in-
tervals. We have proposed algorithm which
detects and corrects multiple errors in
residue number. The algorithms for special
cases viz., single burst residue error ang
single residue error are also suggested.
Some of the advantages are pointed out over
the existing approaches.,

Introduction

Residue Number Systems (RNS) have been
of interest to mathematicians for a very
long time, However, the use of RNS to per-
form machine computation has attracted
attention only since the late fifties
pikenl, Garner?, savobodel? Szabo and
Tanakal® have provided a comprehensive
review of the work done in this field till
the mid-sixties. Subsequent gork was done
by Banerji3+4 and by Kaushix10,11,1 . In
addition, special applications of RNS have
been investigated by other researchers,

The flurry of activity in the use of
RNS for computation results from an inhe-
rent parallelism provided by residue ari-
thmetic., a major advantage of using RNS
in computer design is that it has an impor.-
tant capability of error detection and
correction. The need to increase the deg-
ree of gystem reliability has led to the
study of error correcting codes. Work in
this direction has been done by Chien’/,
Diamond8, Mandelbauml3.14, Rpaol5, sagakilS,
Barsi5.6 ang Arora & Sarojz. The tech-
nology of fault-tolerant computing is, at
the present time, in its infancy and much
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development is still required.,

In this paper, a new approach for
correction of multiple errors and detec-
tion of additive overflow in residue num-
ber has been suggested. This approach
works with the code whose reundancy is in
the form of magnitude indices. The range
of a given RNS is divided into intervals
of equal width and the magnitude of a num-
ber X is defined as an integer locating x
into one of gsuch intervals, Purther, al-
gorithms for special Cases, viz,.,, single
burst reside error and single residue err-
or are also developed. Superiority of the
proposed algorithms over the existing ones,
has been shown.

Residue Code With Magnitude Indices

Let (m,,m,,...,m_) be an ordered set
of n pairwise® relatively prime positive
integers such that mi>2 for any 1<i¢n,
These mi's are called moduli. The corres-
ponding ordered n-tuple (X1,%2s000,x,) of
least non-negative residues of a number X
with respect to the above moduli is called
the resigdue representation of X, Such a
representation of numbers forms the RNs. {
Since all moguli aﬁe relatively prime, each g

xe[0,M), where Msinl m;, is uniquely repre-
=
sented in the RNS. Define an integer

(I;J = LXA"LJ » for any 1,1<i<n

as a magnitude index of an
respect to a modulus m,. It locates X in-
to one interval of wid%h my. Represent X P
by (n+p)-tuple as E

integer X with 3

oy 1 2 p
X hxl,xz,m..,xn,(Ix),(Ix)....,(Ix)), -

1< p<n,

which is called a redundant representation
of X with magnitude indices. It ig easy to ]
see that (Ii)s[o,ﬁi), where ﬁizM/h and p
(Ix) can be“computed from the residue

digits of Xx, using only two modular Opera-

tions, 1.e¢'
i
i, <l

1
=| lx -x et=1,2,,,1-1,
mylm ] %¢ thmym, i1 on.




Therefore, (Ii) can be represented uniquely
with respect to the moduli mi,m3, ..., mj-1,
Mitq+.om, and it is represented as

i i i i i

i
(IX)H(I I 'Ix,i+1""Ix,n

X1, x,z,‘”'Ix,i-l »

i i
where Iy . = | (Ix)lmt' t=1,2,...,1i-1,1i41,..n.

Additive properties of the residue repre-
sentation with magnitude indices are strai-
ght forward.

1 2 Dy, .
Let XH(xllleto-ixn, (IX)'(IX)"“'(IX))'
1 2
and Y ey ¥pe oo o0 ¥p, (I), (12), 400, (1D))

be two positive integers in the range[O,M),
Then

X+YH(IX1;|:YII mlo |:12¢Y2| m2' .o .I xniynlmn

1,1 2,2

(131540, l;11),(IIinYm,‘,Iﬁ‘z),....,
P, 1P |-

(| Ty Toed| mp) )

where d=1 in case of addition,if Xje ¥y

and dy=-1 in case of subtraction,if xk—mk<o,
otherwise ¢, =0,

3, An additive over low is detected if
(I;) falls outside of O'mi) for all i, Tis
si%uation can be overcome by adding g re-
dundant modulus m 121 and consequently,
representing X in the extended range
O,M.m ). In this case, the indices (I%)
end.represented in the extended range
[o.m em_ .).The (n+l1)-tuple representing
the inteﬁ%rs in the range[O,M) are legi:i-
mate numbers. If any two legitimate nun-
bers are added, then the sum may lie in
the[M, 2M-1) subrange. So we call it as the
overflow subrange.

Multiple Error Correction in the
Residue Number System with the
Magnitude Indices

Let [ be the number of errors occuiing
in the redundant representation of Xg[O,2M-1)
with the magnitude indices. - -
Let X =%, %0 eeuxy g0 (TR, (12),.., (1D)),
be the redundant representation of an err-
oneous number XE[O,M.mn+1) having almost £
errors in X, where

Xt (X0 Xpo oo w0 Xy g0 (TR}, (12). L (1B))

Compute the indices (Iﬁ),(I%)...,(I%) with

the help of the residue digits xl.xz,..xn+1.

Define (D) =((T3)-(12)),1a1,2,...,p.
We prove the following theorem,
Theorem 1:

Given Xe[ O,M.m 1) to be an erroneous
number which has X?t'sX) errors among the
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residue digits of x¢[ O,2M-1), If m,;, 1<idn
is one of the f1 moduli whose corréspond-
ing residue digit x; is in error, then (D,)
has at most Xl residue digits to be zero,
provided that [lgn-l and Min.(mf.mg)>-mn ’

1 £ £f,9 < n+l.

Proof:
On the contrary, assume that (D,) has

at least (£, +l)residue digits to be  zero
correspondi%q to the moduli, say M My Lo
L1412

11+1
im1,2,. ...Xl+1.

Therefore,(Di)-p . E m)3 '

M'mn+1

for somep ,0<p <
21 + 1
T mkj
=1
Let mtl,mtz,...,mtl s 18t CN41: gl Ay be

those moduli whose corresponding residue
digits in X are erroneous, then £

- M.mn+1
¥ e X +V-——7——— ’
1

g M

Br somey,0 V< ®& My
q=1
t
qs1 9
Now (Iy)=|X/m J and () =(R/m, .
Also (Di)=((Ii)—(Ix)). 11+1
Therefore, (I%)- (I;)+ﬁ - ®m_m , oOr
A + j=1
[(X/my) = LX/mg) 4% m .
or M.m I=1 j/1+1
(XD iy | X/, ],
L T e L 1.“+Bj’:1 "y
= m
ge=l q
M.mn+1 /1+1
lLe V—g—= -p. =
1
T mt j'l
a=1 “q

M, =Y <my

The left hand side of the above equation
has two moduli common, say me and m_. Then

A,+1 g
M.m 1% ™M
m..m 1 n+1 - =1 5 -
£f*g X m..m ] ¥,
1 m, .m.m g
b1 tq' g
or q=1 Xl:l m
Mam o 41 mkj' i
v - B =y, (say)
Kl m m..m Mg.m 1
- t Vg q g
qsl q

Here y; is a fraction because Min.(mf.mg)

> my 1 i f,9 < n+l.




But the left hand side of the above equa-
tion can not be fraction for any value of
and f. Hence this ecuatlon 1s inconsistent
which implies that our assumption is not
correct and thus (D;) has atmost A, residue
digits to be zero. "Hence the theorem.

Corollary

In a system of (n+1) moduli, where
Min.(mc.m )2 m,, 1< £,g £ n+1, only £ re-
sidue SI?Qts error can be corrected if

£ < (n-1)/2.

Proof

Let the residue digit x4 be in error
and x; be an error free digit. Since Xy is
an erﬂoneous digit, (D;) has atmost [
residue digits to be zero (using theorem
1). As x; is error free residue digit,(DJ)
has atlea;t {n-£) residue digits to be
zero. In order to distinguish (D:) €rom
(Dy), (Dy) must have atleast ({L+1) residue
digits td be zero, i.e. f+1¢n-Aa f{(n-1) /2.
Hence the corrollary.

Consider the RRNS of (n+1) moduli my,

Moreeesm such that Min, (mf.mg) >myr -

+1
1<f,g <n+l. Let(I)), (12),... (12 £) be the
first 2/ indices In the redundant repre-
sentation of X.

—
Define (B;)=((13) (Iy )),1=1,2,..2(.
Theorem 2

Under the assumption that no more than
A residue digits are in error, the follow-
ing assertions are true.

Assertion 1

If atleast { of the (D,)=(0), then the
residue digits correspondimé to the moduli
m.,m.,...m are correct and the errors
lle gmong gﬁé indices. The errors are
corrected by replacing the indices

-
(Ix
indices

), (;i)"..'(;?l) with the computed
by (2, 12
Xl i 290, ? o

Assertion 2

If atleast [ of the (B,) have equal
number of nonzero residue digits corre-
sponding to the moduli mJ ’ mJ ,...,mj ’

1 2 X
where jtal,z,...,i—1,1+1,.ﬂ,n+1:t=1,2,...
k and 1 ¢ k ¢ £, and atmost (f-1) of the
(Di)s(o), then the residue digits §j '§j .
....,§jk are the only erroneous digits
ijl. §j2,...,§jk are the o¢nly erroneous

digits among the residues ;10§2oo..,in+10

The erroneocus digits are corrected as

Xy =] Xy - lmi‘(Di)l m ‘m s t=1,2,..,k.
t t t Jt

If xe A , then atmost {(f-k) errors can

occur among the indices and can be correc-

ted by computing the new indices with the

help of correct digits.

Assertion 3

If all the (ﬁi)=(0), then there is no
error,

Proof = -
Let X "(xl, x2""'xn+1'(IX)'(IX)"'
...(;il)) be an erroneous

number having atmost { errors in X, where

1 .2 24
(T (1), e, (I,

n+1
2
Compute the indices (Il),(Iﬁ),...,(Iél)

with_the help of the residue digits §1'§2'
eees X and form

X-*(xm,xz,...,x

n+

(By)=( (1) (1L

IX))' i=1:2- --12/(0

Proof of Assertion 1

On the contrary, _assume that 4 of the
regidue digits among xl,xz,..,xn+1 are in

error, where O A< f. Then atmost 4 of
the (Di) have atmost 4 residue digits to
be zers (using theorem 1). 1In other words,
atmost ¢ of the (D;) have atleast (n-d) |
non-zerc¢ residue digits or atmost d of the

(Di) have atleast d nonzero residue digits,

sifice d< n-d. Also atleast (2f-d) of the

(D;) have A nonzero residue digits. Hence

2f” of (Dy) have atleast 4 nonzero residue
digits. Since d of the errors occur

among the residue digits, XgeXgrewesXp a0

therefore, atmost ({-d) errors can occur
among the indices,

Now (By) = (13 )-(11)); or

= i i iy, -1
(Di)=((Ii)-(Ix)+(IX)-(I;)); or

-
Ix)).

(By)=((p+(B)), where (B=((zd)-¢
Hence atmost (f-d) of the (Dy)_# (ﬁi) and 9
atleast (f+d) of the (D.) = ~(D,). There-
fore, atleast (f+d) of the (D,) have at-
least 4 nonzero residue digits and atmost

(&SQ) of the (ﬁi)a(O), which 1s a contra-

diction of the given fact that atleast £
of the (D,;)=(0), Hence the residue digits %
corresponéing to the moduli MysMyyee.,m 1

are correct and the errors lie amongn+
the indices. The errors are corrected by
replacing the indices

(I;),(I;},...(IEZ) with the computed




2
indices (I)l(), (I%),... (13;['().

Proof of Assertion 2

On the contrary, assume that the
regsidue digits corresponding to the moduli
M, ,M;: ,a0qe,M are correct, Since all

jl jz Jk
the residue digits corresppnding to the
moduli m1'm2""'mn+1 are not correct

otherwise atleast [ of the (B,)=(0), which
is contrary because atmost (£~1) of the
(Dy)=(0), therefore,_assume that h of the
residue digits x_ , x_ ,«..,X_, where
1 %2 *h

1€ s, {n+1; 1 u€ h are in error.Then
atmost h of the TDi) have atleast (n-h)
nonzero residue dAigits and atleast (2/4-h)
of the (Dy) have equal number of nonzero
residue digits corresponding to the modulil
m_ ,Mm_ ,...,Mm_,
S1 %2 *n

Since atmost ({-h) of the errors can
occur among the indices, therefore,atmost
(£~h) of the (D;) # (D,). Hence atleast
A of the (D;) have equal number of nonzero
residue digits corresponding to the moduli
m M ,.e.,m_,
81 S
since atleast [ of the (D;) have equal
number of nonzeroc residue digits corres-
ponding to the moduli mJ omj ,..,mj and

which is a contradiction

residue digits corresponéingzto thekother
moduli are zero. Therefore, our assump-
tion that the residue digits correspond-
ing to the moduli mj ,mJ ,...,mj are

1 2 k

correct, is wrong. Now we show that ij ’
sz,..,xjk are the only erroneous 1

digits among the residues §1'i2""§

If k< A, then assume that x_ is another

erroneous residue digit. Then atleast

£ of the (D,) have equal number of non-

zero residue digits corresponding to the

moduli my; ,m; ,...,m; , m which is again
3,773, k' v

n+1°

a contradiction. These errors can be
corrected as follows:

i - ) -
x=mi.(IX)+xi and x=mi‘(Iii)+ x4, where 1

corresponds to that (D;) which has nonzero
residue digits corresponding to the moduli
My ;M ,eee,M; .

3", Ix
i,
x’
')-(—X=mi. (Di)' since ;(i:xi-
Now | X=X|  ~=|my.(D;) Imy st=1,2...0.k,

b t

Then X - X = mi.((Ii)—(I ')+(§i-xi), or

t

Xy =Xy - Imi'(Di)lm Im

it ot Je 3¢
Since (I )=(Ii),for i_as defined above,
therefore, (Di)s(Di) and hence

or
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X; = |%; =~|m;. (D )| |
h| "3 fmg 1/ im m
t t jt jt

Then these residues are used to compute
correct indices.

Proof of Assertion 3

Since all the (Di)=(0), then the com-
puted and the given indices are same and
thus there is no error. Hence the theorem.

Now the following procedure is used
to correct atmost f residue digit errors
in the redundant representation of X with
the magnitude indices.

Procedure 1
Compute the indices (I%),(Ig),....

Stes 1: %
(I% } with the help of residue digits §1,

xz....,§: Then from (ﬁi)=((1§)-(;§),

n+1°
1=1,2,....24.

Step 2: If all the (D,)=(0), then there is
no error and go to step 5.

Step 3: If atleast [ of the (B,)=(0), then
e residue digits corresponding to the
moduli m ,mz,.w.m are correct and errors
lie amon& the indices. The computed
indices are the correct ones, go to step 5.

n+1

Steg 4: If atleast A of the (D;) have equal

number ¢f nonzero residue digits correspon-

ding to the moduli My oMy ,o..,my kg L),
2 k -

then the residue digi%s X:e 4 Xy seees
jl J2
ij are in error and can be corrected as
k

XJ =l xj -lmi.(Di)lm 'm ,t=1,2,..o'ko
t t
t t
Atmost (f-k) of the errors can lie among
the indices which are corrected by comput-
ing the new indices with the help of corr-
ect residue digits.

Step S5: Use the residue digits correspond-
ng to the moduli ml,mz,...,zmn+1 and com-

pute R-residue x5+1 corresponding to the

) ] e
modulus M., using the BEO. If Xp i1 £ X017
then the number X is in overflow subrange:
otherwise it is in the legitimate range.
Stop.

Special Cases

(A) Burst Residue-Error Correction
with Overflow Detection.

Assume that the set of N-R moduli
(ml,mz....,mn) is in the ascending order.

Adjoin R-modulus Mo+ 2 2 to the N-R moduli
in order to detect an additive overflow




such that Min. (mf‘.mg) )m’(-.’.1
1< f,g¢ nsl
Consider the first ({+1) indices (1)1(), (1}2(),

.....(IX+1) in the redundant representa-
tion of"any xe[ O, 2M-1).

Let &« (RyuXpeeonXy, g (1), (12), ..

Il+1) be an erroneous number Xe[O,M.

eees

mn+1) having a single burst residue error

of length 5.1 in the redundant represen-

tation of X, Compute the indices (Il),
X

(I%).....(I§+1) with the help of the

residue digits xl.xz,...,xn+1.

- .1y TT
Define (Dy)=( (13)- (IX) Yoi=1,2, .. 441,

Theorem 3

Assuming that no more than a single
burst residue error of length less than or
equal to [ occurs, the following assertions
are true,

Assgertion 1

If one or two of the (Dj) have atmost
£ nonzero residue digits and the rest of
the (Di)=(0)' then the residue digits
corresponding to the moduli ml,mz,....,

m .1 are correct and (T}) are the

erroneous indices.__The errors are corre-
cted by reolacing(Ig) with the computed
indices (1i).

X

Assertion 2

1f (52),(53),....(51+1) have equal

number of nonzero residue digits correspon-
ding to the moduli mn-t+2’ mn—t+3""'mn+1'

for 0<t </ and (D,) has atmost ({-t)
nonzero residue digi%s corresponding to
the moduli m2,m3,...,mXLt, TXLt+1' then

the residue dioits.xn_t+2. xn-t+3""xn+1
and the.first (f-t) residue digits of the

Andex (Il) are erroneous. The errors are
-corrected as

%ot =T - Mg B [ |

n-t+k n-t+¥
" k=2,3,,..,t+1 and for some j,2<i<f+1.

The index (II) is corrected by replacing
it with resighes corresponding to the
moduli my,My,ee.,m

n-t+k -t+k

n+1°
Agsertion 3

If atleast one of (D;) has atmost [
nonzero residue digits and rest of the
(ﬁi) have atleast (n-{) nonzero residue

digits, then the indices (I.‘x), (-I?(), (17x+i)

are correct. The errors lie among the
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residue digits i1'§2""'xﬁ+1' The erro-

neous residue digits are corresponding to
those moduli my whose residue digits in
(Di) are nonzero. The errors are corrected

I%g = [mge (B | .
q q i mq mq
Assertion 4

If all the (Bi)z(O),then there are
no errors.

Proof

For the sake of brevity, we leave the
proof. These assertions can be proved in
the same manner as the assertions proved
as earliler,

We have the following procedure for
correcting a single burst residue error of
length ¢ A .

Procedure 2

Step 1: Compute the indices (I%), (I%),...
(Ii+1) with the help of the residue digits

Xqe x2""'xn+1’ Then form

- 1 :
(Di)=((Ii)-(Ix)),i=1.2, Y £S TN

Step 2: If all the (B,)=(0), then there
are no errors and go %o step 8.

Step 3: If atleast one of the (bi) has
atmost A nonzero residue digits and rest
of the (D,) have atleast (n-f) nonzero
residue digits, then the indices are
correct and go to step 7.

Step 4: If one or two of the (D;) have at-
ﬁBE%fZ nonzero residue digits and the rest
of the (D,;)=(0), then the residue digits
corresponéing to the moduli m (Mysos,m
are correct. The errors lie

the residue digits of the indices
and can be corrected by replacing with
the computed indices (I%). Go to step 8,

Step 5: If all the (ﬁj), §=2,3,..,441 have
equal number of nonzero residue digits
corresponding to the moduli m _ m_ ”
nes £Or o<t <[ and (15])n }Egg n-t+3

atmost (/-t) nonzero residue digits corre-
sponding to the moduli m2,m3,...,mx_t,

seeee,M

n-t+2*
X ] - i
Xp-t437 s Xp,q and the first (f-t)residue

digits of the index (Ix) are erroneous.,

LYY then the residue digits X

Step 6: These errors are corrected as
| m

*n e Xn- e~ 1My (By) '“‘n- t4k ' n-tek’

k=2,3,...,t+l and for same j,2¢< <f+1.
compute a new index of the modulus m. and
replace the erroneous index (f{) with it,
Go to step 8,




Step 7:_The_errors_lie among the residue

digits X1, XpreserXpy g These erroneous

residue digits are corrected as
X= qu -]mi.(bi)lm Im . where L
g 9gq

are those moduli whose corresponding re-

sidue digits in (D;) are nonzero.

Step 8:

to compute x'+1 corresponding to R-modulus
¥ »

M,41 PY using”"the BEO, If X041 o X, 41 then

an overflow is detected; otherwise the
number X is in the legitimate range. Stop.

(B)

Use XgeXoseeorXy residue digits

Single Residue Digit-Error with
Overflow:

For correcting single residue error,
we represent Xe[0,2M-1) with first two
magnitude indices (I&) and (I%) as

1 2
Xﬁ(xlpxzwooo'xn+‘11(TIXi)iIx))o
- - - - 2
Let X & (xl.xz, veerXp g0 (Ix),(Ix)) be the

redundant representation of an erroneous
number Xe[O,M.m__.) having only single

residue digit "l error. Compute the
1ndices(1%3 and (I2)_with the help of the
residue digits XqrXnsooerX and
define 1772 n+l

= i, T
(Di)t ((Ii)-(IX))' i=1,2,

Theorem 4

Assuming that only one residue digit
error occurs the following assertions holad
true provided Min.(mf.mg)z my.

1< £f,g £ n+t
Asgsertion 1
If only one (Dy)# (0), then the
residue, digits x,, “x., +esX .4 3Fe corr-
ect and the error lies“in the index
(I;). The error is corrected by replacing
(;i) with the computed index (I%).

Agsertion 2

If atleast one of (D) has only one
nonzero residue digit corrésponding to a
modulus, say my,1&k<n+1, k#£i, and rest of
(Dy) have atleast (n-1) nonzero residue
digits, then the indices are correct and
X 1s an erroneocus residue digit. It is
corrected as

=|% =|my. (B,) .
*x ka lmi i Imklmk
Assertion 3

If all the (Dy)=(0),then there is no
error.

Proof

These assertions can also be proved
in the same manner.
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By using these assertions, we can
correct a single residue error.

Remark

This method can correct any [ errors
such that I < n, provided if we add
(2£+1-n)  Rémodull to the given set of
the moduli and consider only first 2/ in-
dices.

Comparison

We have proposed a new approach for
correcting multiple errors alongwith the
detection of an additive overflow in resi-
due code. This approach results in faster
decoding procedures and has following
advantages over those given by Mandelbauﬁ“,
Barsi & Maestrini>, 6 and Arora & saroj 2,

1. The procedures for single, burst and
multiple residue error correction based
upon the proposed approach operate on the
residue representation of the numbers and
make exclusive use of the modular operat-
ions in contrast to the grocedures sugges-
ted by Barsi & Maestrini®, Mandelbaum .
which require a separate positional pro-
cesgsor for implementation.

2. Barsi & Maestrini6 has suggested
algorithm for ‘single error detection &
correction with magnitude index whereas
the proposed approach is general for [(<n)
number of errors. The definition of mag-
nitude index in this paper 1s different
from e one introduced by Barsi & Maes-
trini®, This definition leads to faster
decoding algorithms as compared to the one
suggested by Barsi & Maestrini at the cost
of redundancy. But in an era of VLSI
technology, 1t is always desirable to have
faster decoding algorithms.

3. 1f n-1< £ $ n, then the proposed app-
roach ne:g; (24=n+1) R-moduli whegeas the
method suggested by Arora & Saroj
atleast (2{+1) R-moduli.

The proposed procedures are faster as
compared to those suggested by Arora &
Saroj?,

recuires

Table I shows the number
of modular operations required by the
proposed procedures (P) and the pro eﬁures
{0) suggested earlier by author in Tz .
Thus we see from the table that the pro-
posed approach results in the faster de-
coding procedures.

gonclusion

In this paper, a new approach for
correcting multiple errors along with
detection of an additive overflow in
residue code is presented. This approach
works with the code whose redundancy is
in the form of magnitude indices. Further,

I
15

;
:




Table

Type of Procedure Number of Modular Cperations Required
Errors

Procedure (Q) n+/+1) ( ot )

( e (2n43r=2)+(2n+3r-1

Multiple n+l

Procedure (P) 2n + 8 +1

Procedure (Q) [_Eiéfl N (2n+2r+24-1) + (4n+6r-3)
Burst

Procedure (P) 2n + 54 + 4

Procedure (Q) f?n+1)/21**.(2n+2r+1)+(4n+6r—3)
Single

Procedure (P) 2n+9

procedures for special cases, viz., single
burst residue error and single residue
error are also suggested. The advantages
of this approach have been stated over
those of Arora & Saroj2, Barsi & Maest-
rini®’*® and Mandelbauml4,
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