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ABSTRACT

In this contribution the conventional error-detection

and error-correction algorithms used for RRINS codes
are improved and unified in the context of a so-

called projection-based ‘minimum-distance decod-

ing’ algorithm, which can efficiently detect or cor-

rect multiple residue digit errors.

1. INTRODUCTION

The so-called residue number system (RNS) and redundant
residue number system (RRNS) have drawn wide atten-
tion in high-speed parallel signal processing structures, and
the RRNS has also been widely employed for self-checking,
error-detection and error-correction in digital processors,
arithmetic units and data transmission [1-12]. The con-
cepts of error-correction in conjunction with RRNS codes
were developed by Mandelbaum [2]. Barsi and Maestrini
addressed the problems of single residue digit error cor-
rection in [3]. Krishna, Lin and Sun have discussed the
correction of single or double residue digit errors, and si-
multaneously the detection of multiple residue digit errors
in [4,5]. In this paper, we build on the contributions of [2-5],
augmenting the error-correction techniques of RRNS codes
and unifying them in the context of the ‘minimum-distance
decoding’ algorithm, which can efficiently detect or correct
multiple residue digit errors.

2. RESIDUE NUMBER SYSTEM AND
REDUNDANT RESIDUE NUMBER SYSTEM
CODES

A RNS s defined by the choice of & positive integers m;, (i =
1,2,...,k) referred to as moduli [1]. If all the moduli are
pairwise relative primes, any integer X in the range [0, M)
- where M = Hle m; - can be uniquely and unambiguously
represented by the so-called residue sequence:

,Tk), 1)

where z; = (X)m;, ¢ = 1,2,...,k represents the residue
digits of X upon division by m; for ¢ = 1,2,...,k, while

X<=>($1,(L‘2,...
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[0, M) is the information dynamic range, i.e. the legiti-

mate range of X. Given a residue sequence (1, Z2,...,Tk),

the corresponding integer X in the range [0, M) can be

uniquely recovered from the k residue digits seen in Eq.(1)

by the so-called Chinese reminder theorem (CRT) [4]. Specif-
ically, according to the CRT, for any given k-tuple (x1,x2,

..,xk) - where 0 < z; < m;, 1 = 1,2,...,k - it can be
shown that the numerical value of X can be found from the
residue digits using [4]:

k
X = (Z :cszMz> , (2)

i=1

where M; = M/m; and the integers T; - which constitute
the multiplicative inverses of M; - are computed a priori by
solving the so-called congruences of T;M; = (1 ).

In the context of error control - both error-correction
and error-detection - we are concerned with RRNS [1,4, 5].
An RRNS is obtained by appending an additional r =
(n — k) number of redundant moduli mg4+1, Mr42, ...,
My, to the previously introduced RNS, in order to form
an RRNS code of n positive, pairwise relative prime mod-
uli. Now an integer X in the range [0, M) is represented as
an n-tuple residue sequence with respect to the n moduli
(m1,ma2,...,my), expressed as:

X & (z1,22,...,Tn), (3)

which represents an RRNS(n, k) codeword or RRNS(n, k)
code vector. The moduli mi, ma,..., my are termed as the
nonredundant moduli, while the additional r moduli myg41,
M2, - .., My are the redundant moduli. Correspondingly,
the residue digits z1, 2, . .., zx in Eq.(3) are the nonredun-
dant residue digits, while £x4+1, T2, -- ., Tn are the redun-
dant residue digits. The total range [0, M Mpg) - where
Mg =[];_, mg4i - is the range of values that can be rep-
resented by the RRNS code. This total ‘dynamic’ range
can be divided into the ranges defined by the nonredun-
dant and redundant moduli. The interval [0, M) is the
legitimate range, while the interval [M, M MRg) is the il-
legitimate range. By definition, any number belonging to
the legitimate range will be labelled as legitimate and those
belonging to the illegitimate range as illegitimate, since the
latter does not represent a number or operand, directly ac-
cruing from the nonredundant information-bearing residue
digits.

The necessary and sufficient conditions for a RRNS(n, k)
code to achieve the maximum minimum-distance of d =



n — k + 1 have been given in [10], which can be stated as
follows.

Theorem 1 Let mi,ma, ..., Mk, Mk+1,- .., My be a group
of moduli constituting the RRNS(n,k) code and [0, M) -
where M = Hlemi - be the legitimate range. Then the
necessary and sufficient condition for the RRNS(n, k) code
to achieve the mazimum possible minimum-distance of d =
n—k+1 is that any of the redundant moduli is larger than
the largest nonredundant modulus, which is formulated as:

Mpy; > max{my, ma,...,mp} (4)

forj=1,2,...,n—k.

According to Theorem 1, the RRNS(n,k) codes con-
stitute a class of codes achieving the maximum possible
minimum-distance of d = n — k + 1, provided that the con-
dition of Eq.(4) is satisfied. Hence, in the remainder of
this paper all RRNS(n, k) codes discussed are assumed to
satisfy the condition of Eq.(4), and consequently their min-
imum distance is d = n — k + 1. Furthermore, we assume
that the n number of moduli of the RRNS(n, k) code satisfy
the relationship:

my <me <...<mp < Mpy1 <...< Mg (5)

3. THEORY OF PROJECTION-BASED
MINIMUM-DISTANCE DECODING IN RRNS

Barsi and Maestrini [3] described a method for error detec-
tion in RRNS codes based on determining, whether a given
received integer, X <& @ = (T1,%2,..., Tk, Tht1--->Tn),
n > k, falls within the legitimate range [0, M) or in the
illegitimate range [M, MMpg). It was shown [3] that any
single residue digit error inflicted upon a legitimate integer
message X, will map to the illegitimate range of the RRNS.
Barsi and Maestrini also developed a method for locating
and correcting a single residue digit error for RRNS codes
satisfying the condition of n > k + 2 based upon the values
of so-called projections computed for the RRNS(n, k) code
concerned. The so-called modulus m;-projection of X in
the context of an RRNS(n, k) code is defined as [3]:

Xis(x)M_%, 6)

my

i.e., the m;-projection, X;, can be interpreted as X; <& x; =
(z1,22,...,%i—1,%it1,...,ZTn), which is the residue repre-
sentation of X in a reduced RRNS with the ith residue
digit x; deleted. This m;-projection results in the reduced
RRNS(n—1,k) code, where the modulus m; is deleted from
the RRNS(n, k) code. Since the RRNS is a data represen-
tation system with at least one residue digit of redundancy,
the original information is retained, when the redundancy
is removed.

Correspondingly, the Ma-projection of X, denoted by
XA, is defined by [5]:

X/\E(X)MMR, %
MA
A . .
where My = Hm:l M, N = {i1,%2,...,ix}, and A <

n — k. In other words, XA can also be represented as a

reduced residue representation of X with the residue digits
Tiy,Tig, ..., %i, deleted. Hence, X can be represented by a
reduced RRNS(n— A, k) code with the moduli m;, , ms,, ...,
m;, deleted from the RRNS(n, k) code. The legitimate and
illegitimate range of the reduced RRNS code are [0, M')
and [M', M Mpg/Mn), respectively, where M’ is the product
of the first £ moduli of the reduced RRNS. It follows from
Eq.(7) that the Ma-projection of any legitimate integer X
of the RRNS is still a legitimate integer in [0, M), i.e.,
Xn = X, provided that a sufficiently high dynamic range is
retained in the reduced RRNS, in order to unambiguously
represent X.

The so-called minimum-distance decoding algorithms
attempt to find a codevector x in the legitimate range, so
that the received vector y lies within its error-correction
decoding sphere constituted by those vectors, which are de-
coded to x. Otherwise, if such a legitimate codevector
cannot be found, the decoder declares an uncorrectable er-
ror. A conceptually straightforward but impractical method
of minimum-distance decoding is to compare the received
vector y with every possible codevector of the RRNS(n, k)
code. If the received vector y lies within a codevector’s
error-correction decoding sphere, the received vector is de-
coded to . Otherwise, if the received vector y does not
lie within a legitimate codevector’s error-correction decod-
ing sphere, then an uncorrectable error is detected. In or-
der to derive the associated minimum-distance decoding al-
gorithm, a range of theorems concerning the decoding of
RRNS codes are formulated below. Theorems 2 and 3 have
been given in [5], therefore their proof is omitted here.

Theorem 2 If X is a legitimate integer in the RRNS(n, k)
code having a minimum distance of d = n—k+1, then any
integer X differing from X in at least one but no more than
(d — 1) residue digits is an illegitimate integer.

Based on the above theorem it can be determined for
the RRNS(n, k) code having a minimum distance of d =
n—k+1 as to whether the received vector is correct or not
- by checking whether the value of the received vector is in
the legitimate range - provided that no more than (n — k)
residue digit errors were encountered. In other words, the
RRNS(n, k) code can detect up to any (n — k) residue digit
errors by detecting the received vector’s value.

Theorem 3 [5] Let X be an illegitimate integer message
in the RRNS(n, k) code. If there exists a legitimate inte-
ger message X differing from X in the i1th, iath, ..., ixth
residue digits, where A < (n — k), then the Ma-projection

XA s a legitimate number, where M = HA m;

m=1 tm -

This theorem suggests that the correct (or transmitted)
integer message X can be recovered from an illegitimate (or
erroneously received) integer message by dropping some of
the received residue digits and their related moduli, pro-
vided that the erroneous residue digits are the dropped ones
and the reduced RRNS exhibits a sufficiently high dynamic
range to unambiguously represent the integers constituting
the message. This theorem also implies that an RRNS(n, k)
code can be reduced to an RRNS(n — p, k) code, where
p < n—k, after 4 number of residue digits and their re-
lated moduli are dropped. According to Theorem 1, the
reduced RRNS(n — u, k) code has a minimum distance of
d =n—k—p+1 and hence - based on the associated



minimum-distance decoding algorithm such as that of Sec-
tion 4 - can detect up to (n — k — p) residue digit errors,
and correct up to [%’ij residue digit errors, respectively.
Since the processing of each residue digit in the RRNS
is independent of that of all the other residue digits, the
dropped residue digits do not have to be considered in the
reduced RRNS(n — p, k) decoding. This property renders
the RRNS(n,k) codes attractive for ‘errors-and-erasures’
decoding [8,9].

The proof of the following Lemma has been given in [3],
and therefore it is omitted here.

Lemma 1 [3] Let X be an integer in the RRNS and Xa
be the Mn-projection of X, where Ma = H;zl ms,, . If
XA # X, the residue representation of Xa in the RRNS
uniquely differs from that of X in one or more of the residue
digits corresponding to the modult m;, , My, ..., M3, .

Theorem 4 Assume that X is an illegitimate number in
the RRNS(n, k) code ezhibiting a minimum distance of d =
n — k + 1 amongst legitimate codewords. If there exists an
M -projection XA - where My = H)‘ and 1 < A<

m=1 m_
|25 | - which is a legitimate integer, then X a is the only
legitimate integer in the RRNS(n, k) code.

m;

m

Proof: Since the legitimate integer XA is the Ma-
projection of X, according to Lemma 1, the residue rep-
resentation of X o uniquely differs from that of X in one or
more residue digits corresponding to the moduli m;,, mi,,

...,mi,. Since we have assumed that 1 < XA < [25%], we

have d(Z,zA) < | 25% |, where T and zA denote the residue
representations of X and X, in the RRNS(n, k) code, re-
spectively. Since X A is a legitimate integer, & represents
a codevector of the RRNS(n, k) code.

Let us assume furthermore that there exists another
M s-projection X o1 # X A, which is also a legitimate in-
teger in the RRNS(n, k) code, where M, = Hzﬂ:1 m;, and
1<8< ["%kj Then, according to Lemma 1, we have
d(@,xar) < |25%], where T denotes the residue repre-
sentation of the integer X+ and it is a codevector of the
RRNS(n, k) code corresponding to the legitimate integer
X pr. Then, according to the triangular inequality of:

d(w/\: ZB/\I) < d(fa $/\) + d(ﬁa m/\’)a

we have
n—k

2
which means that two codevectors in the RRNS(n, k) code
have a distance of less than (n—k+1). This contradicts the
condition of having a minimum distance of d = n — k + 1.
Hence, if there exists an Ma-projection X A - where My =
Hi‘n:lmim and 1 < X < [25%] - which is a legitimate
integer, then this X is the only legitimate integer in the
RRNS(n, k) code. This proves Theorem 4.

d(:l:/\,:c,\;)SLnT_kJ+|_ | <n—k,

Theorem 5 Let X be an illegitimate integer in the RRNS
(n, k) code exhibiting a minimum distance of d =n—k+1
amongst legitimate codewords. If this received wvector in-
cludes no more than ["%kj residue digit errors in its residue
representation X < T, then there exists one and only one
legitimate number, X o, which is derived by the Ma-projection,
where M,\:H)‘ Mi, and 1 <A< [255].

m=1"""%m

Proof: Let 1 < XA < |%5%] be the number of erro-
neous residue digits in the residue representation X < =.
Furthermore, let the i1th, é2th, ..., ixth residue digits be
the erroneous ones. Then - according to Theorem 3 - the
Ma-projection X is a legitimate number. Since 1 < X <
|25% ], therefore according to Theorem 4 X, is the only
legitimate number. This proves the theorem.

Theorems 4 and 5 suggest that in an RRNS coded com-
munication system, the received vectors can be decoded us-
ing the projection techniques proposed in [3]. Theorems 4
and 5 guarantee that the RRNS(n, k) code can correct up
to | 25% | number of residue digit errors and that the de-
coded codevector is the one that has the minimum distance
from the received vector. Hence this decoding scheme is a
minimum-distance decoding scheme.

4. PROJECTION-BASED MINIMUM-
DISTANCE DECODING ALGORITHM

The first step of the error-correction in RRNS codes (and
the only step in the error-detection procedure) is to check,
whether the received residue vector y is a legitimate code-
vector in the RRNS. A simple technique of accomplishing
this is to compute the corresponding integer Y and check,
whether 0 <Y < M. If 0 <Y < M, then y is a codevector.
Otherwise, if M <Y < MMpg, then the received residue
vector y included at least one residue digit error. How-
ever, this ‘range-checking’ approach may require processing
large-valued integers. A suitable method of avoiding this
is invoking the so-called base-extension (BEX) [11] method
using the mixed radix conversion (MRC) [7]. The MRC is
an operation used to represent an integer Y < y in the
form of [11]:

n—1
Y=a +a2m1+a3m1m2+---+anHm¢, (8)
=1

where 0 < a; <my, | =1,2,...,n, and we define H?zl mi; =
1. For a given residue digit sequence ¥y = (y1,¥2,---,¥Yn)
the mixed radix digits a1, as,. .., a, are computed from the
residue digits y1,¥2,...,Yn as follows [11]:

a1 = Y,
az = ((yz — (h)mfl) ,
ma
an = (¢ (- anmi* - aym3
-1
— ) man)mily) (©)
Mn
In an RRNS, the digits a1, a2, ..., ar are referred to as
the nonredundant mixed radix digits, and ax41, @x+2,--.,an

are termed as the redundant mixed radix digits. It can be
shown that if 0 <Y < M, then all the redundant mixed
radix digits will be zeros [11].

Furthermore, the integer message Y corresponding to
a received residue vector y = (y1,¥2,...,Yn) can be com-
puted from any k out of the n residue digits and their re-
lated moduli, according to the projection theory of [3]. This
concept is augmented below.

Let yiy,¥Yis, ..., Y, be k out of n residue digits from
¥y = (y1,92,--.,Yn), where - without loss of generality -



we assume that 41 < 42 < ... < 9. Then, the integer
Y can be computed from these k residue digits and their
related moduli according to Eq.(8) and Eq.(9), which can
be expressed with the aid of the MRC as:

k-1
Y = ai; + aiymi; + aigmiymiy, +--- + aiy, H my.  (10)
=1

Based on Y computed according to Eq.(10), the remain-
ing (n — k) residue digits can be recomputed using the ap-
proach proposed in [7], which is expressed as:

=(Y) =0 (@) + @ami)m, ),
k—1
+(ai3mi1 mi2)mj)mj +eee (aik H miz)mj ))mj (11)
=1

forall j =1,2,...,n; j ¢ {i1,42,...,4x}. The process sum-
marized in Eq.(10) and (11) is the above-mentioned BEX. It
can be shown - in contrast to the above-mentioned range-
checking technique - that according to this approach no
large-valued integers have to be processed. The difference
between the residue digits y;, which were computed by the
decoder according to Eq.(11) and the received residue digits
y; in y can be expressed as:

-aik}a (12)

where the quantities {A;} are referred to as syndromes [4],
and all the received residue digits of y corresponding to
{A;, 7=1,2,...,n; j ¢ {é1, 42,...,9x}} are referred to
as parity residue digits.

A fundamental property of the syndrome digits has been
given in [12], which is re-stated in the following theorem.

Aj :y‘li_y]'a j:1127-"1n; j¢{i17i21"

Theorem 6 [12] Under the assumption that no more than
[“T’kj residue digit errors occur in an RRNS code having a
minimum distance of d = n —k + 1, based on the (n — k)
number of syndrome digits Agpy1, Agyo,...,An computed
from Eq.(12) the following three observations can be stated:

Observation 1 A received residue digit vector y is an error-
free codevector if and only if all the (n — k) syndrome digits
are zero.

Observation 2 X (1 < X < |25%|) out of the (n—k) parity
residue digits in y are in error if and only if \ corresponding
syndrome digits are non-zero.

Observation 8 At least one of the received information
residue digits in y - which correspond to the first k residue
digits of y1,y2, ..., Yk - are in error if and only if more than
|25% | syndrome digits are non-zero.

Let m1,ma, ..., Mg, Mk+1, ..., My be the moduli in an
RRNS(n, k) code = (x1, %2, ..., %, ) constituting the trans-
mitted codevector and y = (y1,¥2,--.,Yn) be the received
vector. Then, with the aid of Theorems 2 to 5 and upon
invoking the above-mentioned so-called consistency check-
ing method of Theorem 6, the proposed minimum-distance
decoding algorithm can be outlined as follows.

Minimum-distance RRNS Decoding Algorithm:

Table 1: Integer messages and their corresponding codevec-
tors for a RRNS(4,2) code using moduli 3, 5, 7, 8.

message value | 1 | 2 | x3 | 24
0 0 0 0 0
1 1 1 1 1
2 2 2 2 2
3 0 3 3 3
4 1 4 4 4
5 2 0 5 5
6 0 1 6 6
7 1 2 0 7
8 2 3 1 0
9 0 4 2 1
10 1 0 3 2
11 2 1 4 3
12 0 2 5 4
13 1 3 6 5
14 2 4 0 6
Step 1: Compute the syndromes Agy1, Apto, ..., Ay
from the received nonredundant residue digits (y1, y2, - ., Yx)

according to Eq.(12). Let the MRC of (y1,y2,...,yr) be ex-
pressed as an Ma-projection with M, = 1. If there are no
more than | 25%| syndromes that are non-zero, then pro-
ceed to Step 5. Otherwise, continue with Step 2.

Step 2: Compute the Ma-projections and their cor-
responding syndromes A;,, Agta, Agys, ..., Ap accord-
ing to Eq.(12) for the parity digits from the residue digits
(y1,92,.--,Yk+1), where Mo = m;,, @1 = 1,2,... k. If
there exists a legitimate Ma-projection, which results in no
more than | 25% | corresponding non-zero syndromes, then
go to Step 5. Otherwise proceed to Step 3.

Step 3: Compute the Ma-projections and their cor-
responding syndromes Ay, ,Ajy,Agt3,Apt4, ...,A, accord-
ing to Eq.(12) for the parity digits from the residue dig-
its (y1, y2, ---, Yr+2), where Mo = mi;myy, (i1, 42 =
1, 2, ..., k+1, and 41 # 42). If there exists a legitimate
Ma-projection, which results in no more than ["Tfkj corre-
sponding non-zero syndromes, then go to Step 5. Otherwise
compute the Ma-projections and their corresponding syn-
dromes from the extended residue digits (y1,y2, - .., Yk+i),
1 > 2, and the above process is repeated, until the condition
1=t= ["Tfkj is met, in which case proceed to Step 4.

Step 4: Compute the Ma-projections and their corre-
sponding synd.romes Ah g . -1Ai“ Ak+t+1, Ak+i+27 .. .,An
according to Eq.(12) for the parity digits from the residue

digits (yl,yz, ey yk+t); where t = LnT_k_], M = H;:l mi;,
(P1,82,-..,0:=1,2,...,k+t—1, and i1 # @2 # --- £ 4z). If
there exists a legitimate Ma-projection, which results in no
more than | 25£ | corresponding non-zero syndromes, then
go to the next step. Otherwise, declare that more than
| 25%] residue errors were detected and hence the code’s
error correction capability was exceeded. Stop.

Step 5: Invoke the legitimate Ma-projection from the
above steps in order to correct the erroneous residue digits
corresponding to the non-zero syndromes with the aid of
Eq.(11) and express the decoded result as

& = (#1,%2,...,%n). Stop.

Let us now illustrate the inner-working of the above
algorithm with the aid of an example.

Example 1 Let mi = 3,m2 = 5,m3 = 7 and ma =



8 be four moduli in the RRNS(4,2) code, where moduli 8
and 5 are the nonredundant moduli. As an example, 15
codevectors and their corresponding integer message values
are shown in Table 1. Let X = 11 & (x1,%2,%3,%4) =
(2,1,4,3) be the transmitted codeword. Then the possible
decoding cases can be summarised as follows.

Case 1 (no residue digit errors): Let the received
vector be (y1,y2,y3,ys) = (2,1,4,3), which includes no er-
roneous residue digits. It can be shown that the received
integer message corresponding to (y1,y2) = (2,1) isY =11
according to Table 1' and that according to Eq.(11) and
Eq.(12) we have syndromes of Az = (y5—y3) = (Y )my —
ys=(11)r—4=0and Ay = (ys —ya) = (Y )y —ya =
(11 )s§ —3 = 0 from the first step of the decoding algorithm.
Hence, we conclude that there are mo residue errors in the
received vector.

Case 2 (one error in the redundant part): Let
the received vector be (y1,¥2,ys, ya) = (2,1,3,3), where the
residue digit with over-bar is in error. It can be shown
that the received integer message corresponding to (y1,y2) =
(2,1) is Y = 11 according to Table 1 and that we have Az =
(11)y—3=4—-3=1, while Ay =(11)§—3=3-3=0
from Step 1 of the decoding algorithm. Since the number
of non-zero syndromes is one, which is not higher than
t = |25%] = 452 = 1, hence we conclude that a residue
error occurred for residue digit ys. According to Theorem 6
the erroneous residue digit ys can be corrected with the aid
of Eq.(11) to the residue value of &3 = ( 11 )7 = 4 at Step
5 of the decoding algorithm.

Case 8 (one error in the nonredundant part): Let
the received vector be (y1,y2, y3, ya) = (2,3,4,3). According
to Step 1 of the decoding algorithm, the integer correspond-
ing to (y1,y2) = (2,3) is Y = 8 in Table 1, which results in
A3:(8)7—4:(—3)754,A4:(8)8—32(—3)755.
Hence, we conclude according to Theorem 6 that there may
be a residue error, which occurred in the nonredundant in-
formation part and the decoding process must proceed to
Step 2 of the algorithm. At Step 2, the Ma projections
of MA = m1 and Ma = my are computed from (y1,y2,y3)-
The MAn = maq-projection of (y1,y2,y3) = (2,3,4) can be
ezpressed as Ya, < (y2,y3) = (3,4) by simply omitting the
residue digit corresponding to mi according to Eq.(6). It
can be readily seen that Yo, = 18 since (Ya,)s = (18 )5 = 3,
(Ya,)7 = (18 )7 = 4, which is in the corresponding legit-
imate range [0,5 -7 = 35) of the m1-projection. However,
since Ya, = 18 is not in the legitimate nonredundant infor-
mation range of [0,15) and since A; = (( 18 )3 — 2)3 =1,
Ay = ((18)s—3)s =( —1)s =7, hence according to
Step 2 of the algorithm the mi-projection is not the desired
one. Similarly, the ma-projection of (y1,y2,y3) = (2,3,4)
can be expressed as Ya, < (y1,y3) = (2,4) according to
Eq.(6). It can be shown that the ma-projection Ya, = 11
-since (11 )3 = 2 and (11 )7 = 4 - is in the legit-
imate nonredundant information range of [0,15) and has
(AQ = ( 11 )5—3)5 =( -2 )5 53, A4 = (( 11 )8_3)8 =0.
Since the number of non-zero syndromes is one, which is not
higher than t = ["Z;kj = 42 =1, consequently, according
to Step 2 of the algorithm we conclude that a residue er-
ror occurred for residue digit y2, which can be corrected to
T2 = (Yas)s = (11 )5 = 1 at Step 5 of the decoding algo-

INote that this step is usually implemented with the aid of
the BEX algorithm given by Eq.(9). Here, however, a simple
table-lookup was used for the sake of conceptual simplicity.

rithm.

Similarly, if more than one residue errors occurred, it
can be shown that the decoding algorithm will result in un-
correctable residue errors and outputs an erroneous code-
word.

In summary, the minimum-distance decoding algorithm
of RRNS codes has been introduced and interpreted. Our
future work is focused on a range of applications of this
algorithm, such as for example those in [8,9].
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