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Abstract — In this paper we present a matrix char-
acterization of AMDS codes and NMDS codes over
Z.n and Abelian groups.

I. AMDS AND NM DS CODES OVER Z,,

A length-n linear code C over Z,,, the ring of integers mod-
ulo m, is a subset of Z}, closed under all Z,,-linear combina-
tions. C is said to be information set supporting if |C| = m*
for some integer k < n and there are k coordinate positions
such that the restriction of |C| to these k positions is Z¥,, in
which case C is referred as an [n, k, d] code over Z,,, where d
stands for the minimum Hamming distance of C'.

Definition 1 An [n,k,d] code C over Z,, is said to be an
Almost-MDS (AMDS) code if the d =n — k. It is said to be
Near-MDS (NMDS) if d = n—k and the minimum Hamming
distance of the dual code of C is k.

Theorem 1 An [n,k,d]| linear code over Z., where m =
Pipa?ps® ... ps® (where p; 1 < i < s are prime numbers) with
systematic generator matric G = [Iy Pyxn—k| (after suitable
column permutations) is an AM DS code if and only if every
(9,9 + 1) submatriz has (g,g) submatrices such that

e there exists at least one (g,g) submatriz whose determi-
nant s a unit in L, or

o if the determinants of all the (g,g) submatrices are zero
divisors then the greatest common divisor of these de-
terminants is an unit in Zy,.

II. AMDS AND NM DS CODES OVER ABELIAN
GROUPS
Definition 2 An [n,k] systematic group code C of length
n and dimension k over an Abelian group G is a
subgroup of G™ with order |G|F consisting of n-tuples,
(T1,%2, Ty Y1y 5 Yn—k) With y; = ¢i(x1,T2,...,Tk)
where ¢; are (n — k) homomorphisms from G* into G.

Definition 3 Consider a finite Abelian group G with cardi-
nality m. An [n,k = logm (|C|),d] code C over G is an Almost-
MDS AMDS code if d=n—k. An AMDS code C' is said to
be Near-MDS (NMDS) if its dual code [2] is also AMDS.

Theorem 2 A [k+s, k| group code over G, defined by the ho-
momorphisms {¢1, 2, ...,¢s} is AMDS if and only if every
(9,9 + 1) submatriz of the associated matriz of the form

Yirjyi  Vige Yirjga
Yigj1  Vizga Yisjgi1

Wgg41 = : : )
wigh wigjz wi.qngrl
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Jor1<ip<g,1<jx<(g+1), 9=1,2,...,min{s, k}, has

e at least one (g,g) submatriz which represents an auto-
morphism of G9 or
o if every (g,g) submatrix represents an endomorphism of

GY then the intersection of the kernels of the endomor-
phisms is only the identity element of GY.

We specialize to the case where the group G is a cyclic group
Cpm, i.e., a cyclic group of order m.

Definition 4 An homomorphism ¢ : C*¥ — Ch, is called a
distance non decreasing homomorphism (DNDH) if either
K4 = {€} or dmin(Kg) = 1, where € is the identity element of
cr,, Ky denotes the kernel of ¢ and dmin stands for minimum
Hamming distance.

Lemma 3 A [k + 1, k] group code is AMDS if and only if
the defining homomorphism is an DNDH .

Definition 5 Let {¢}iZ5 denoted as ®s be a set of homo-
morphisms from C’f; — Cm denoted as ®y. Let Ky ¢, 4,
denote K¢, N Ky, N... Ky, where Ky, is the kernel of ¢;. P
is said to be a distance non decreasing set of homomorphisms,
(DNDSH), if the following conditions are satisfied:

e the homomorphisms do not constitute a set of DISH
[2]
e foralll<r<s d’m'i”(K¢il¢iz~-¢ir) >r oor
d K¢i1 Gigbip — {e}.
Theorem 4 A [k+ s, k| group code is AM DS if and only if
the defining homomorphisms ®s constitute a set of DNDSH.

dy, da, d
Lemma 5 Over C,,, where m = p11p22p33...pr, where

pi’s are distinct primes, [k + s, s] AMDS group codes, for
all s,k > 2, do not exist if k > r + 2(p — 1), where p =
min{p17p27 cee ,p'r}~

Lemma 6 Over C,,, where m = p‘flpgng3 .pdr, with all

primes p; distinct, the dual of [k + s, s] AMDS group codes,
for all s,k > 2 do not exist if s > r+ 2(p — 1), where p =
min{p17p27 s 7p7‘}'
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