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computation. Constructing minimal linear codes with new and
desirable parameters has been an interesting research topic in
coding theory and cryptography. Ashikhmin and Barg showed
that Wmin/Wmax > (¢ — 1)/q is a sufficient condition for a
linear code over the finite field GF(q) to be minimal, where

MSC: q is a prime power, Wmin and wmax denote the minimum and
94C10 maximum nonzero weights in the code, respectively. The first
94B05 objective of this paper is to present a sufficient and necessary
94A60 condition for linear codes over finite fields to be minimal. The

second objective of this paper is to construct an infinite family
of ternary minimal linear codes satisfying wmin/Wmax < 2/3.
To the best of our knowledge, this is the first infinite family
of nonbinary minimal linear codes violating Ashikhmin and
Barg’s condition.
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1. Introduction

Let ¢ be a prime power and GF(q) denote the finite field with ¢ elements. An [n, k, d]

" with minimum (Hamming)

code C over GF(q) is a k-dimensional subspace of GF(q)
distance d. Let A; denote the number of codewords with Hamming weight i in a code C
of length n. The weight enumerator of C is defined by 1+ A2+ Azz%2 +--- 4+ A, 2". The
sequence (1, Ay, Ag, -+, A,) is called the weight distribution of the code C.

The support of a vector v = (v1,va,...,v,) € GF(g)", denoted by Suppt(v), is defined

by
Suppt(v) = {1 <i<n:v; #0}.

The vector v is called the characteristic vector or the incidence vector of the set Suppt(v).
A vector u € GF(g)™ covers another vector v.€ GF(q)™ if Suppt(u) contains Suppt(v).
We write v < u if v is covered by u, and v < u if Suppt(v) is a proper subset of
Suppt(u). A codeword u in a linear code C is said to be minimal if u covers only the
codeword au for all a € GF(q), but no other codewords in C. A linear code C is said to
be minimal if every codeword in C is minimal.

Minimal linear codes have interesting applications in secret sharing [4,15,16] and
secure two-party computation [2,7], and could be decoded with a minimum distance
decoding method [1]. Searching for minimal linear codes has been an interesting re-
search topic in coding theory and cryptography. The following sufficient condition for a
linear code to be minimal is due to Ashikhmin and Barg [1].

Lemma 1 (Ashikhmin—Barg). A linear code C over GF(q) is minimal if

Wmin >q71

wmax q

)

where Wmin and Wmax denote the minimum and maximum nonzero Hamming weights in
the code C, respectively.

With the help of Lemma 1, a number of families of minimal linear codes with
Wmin/Wmax > (¢ — 1)/q have been reported in the literature (see, [4], [8], [10], [16],
for example). Sporadic examples in [7] show that Ashikhmin-Barg’s condition is not
necessary for linear codes to be minimal. However, no infinite family of minimal linear
codes with Wpin/Wmax < (¢ —1)/q was found until the breakthrough in [6], where an in-
finite family of such binary codes was discovered. Inspired by the work in [6], the authors
of the present paper gave a further study of binary minimal linear codes [9]. Specifically,
a necessary and sufficient condition for binary linear codes to be minimal was derived
n [9]. With this new condition, three infinite families of minimal binary linear codes

With Wmin/Wmax < 1/2 were obtained from a general construction in [9].
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