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Abstract

Applied in communication, data storage system, secret sharing schemes, authenti-
cation codes and association schemes, linear codes attract much attention. In this
paper, a class of three-weight linear codes is obtained by the defining sets over finite
fields of odd characteristic. The parameters and weight distributions of linear codes
are determined by the additive characters, multiplicative characters and Gauss sums.
Further, most of linear codes obtained are minimal, which can be used to construct
secret sharing schemes.

Keywords Linear code - Weight distribution - Additive character - Multiplicative
character - Gauss sum
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1 Introduction

Let F, be the finite field with g elements and [F; = F,\{0}, where g =p™, p is a
prime and m is a positive integer. A linear code C with parameters [n, k,d] over I,
is a k-dimensional subspace of F” with length n and minimum Hamming 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 + Az + A,z° + ... + A, 7"
The sequence (1,4, A4,, ...,A,) is called the weight distribution of C. A code is said
to be a r-weight code if the number of nonzero A, in the sequence (4,,4,,...,A,)
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is equal to . The weight distribution of a code contains crucial information about
the error correcting capability and the probability of error detection and cor-
rection with respect to some algorithms. Hence, the weight distribution attracts
much attention in coding theory [1-6].

Linear codes with few weights have important applications in secret sharing
schemes [7, 8], authentication codes [9], association schemes [10] and strongly
regular graphs [11]. There are two generic constructions of linear codes from
functions. Let Tr = ka:_()l x”" be the trace function from F, to F,. Then the first one
[12] is obtained by considering a code C(f) over F, involving a polynomial f from
F, to F, defined by

C(f) = {c = (Tr(a&f (¥) + bx));  a €F b EF),

where f(0) = 0. The code C(f) from f'is a linear code of length ¢ — 1 and its dimen-
sion is upper bounded by 2m. This generic construction has a long history and its
importance is supported by Delsarte’s Theorem [13]. The second generic construc-
tion of linear codes from functions [14] is obtained by fixing a set D = {d,,d,, ....d,}
in [, and by defining a linear code involving D as follows:

Cp = {(Tr(pd,), Tr(pdy), ..., Tr(pd,)) : p € F,}.

The set D is called the defining set of Cp. This construction is generic in the
sense that any code could be produced by selecting the defining set D C F,. The
code quality in terms of parameters is closely related to the choice of the set D.
The defining set D can be given by functions, i.e., D = {x € F; : f(x) = 0}, where
f(x) = Tr(F(x)) is a function from Fq to [Fp and F(x) € [Fq [x]. From the choice of F(x)
or f{x), many linear codes can be constructed. Ding [15] presented a survey on recent
results on constructing binary linear codes with this method from Boolean functions
and proposed some open problems on this construction of binary linear codes. Xiang
et al. [16] presented the weight distribution of C;, for the case F(x) = x**! — x. Ling
et al. [17] constructed a class of three-weight and five-weight linear codes for the
case F(x) = x> + x. Many papers used different functions of special forms in con-
structing linear codes with few weights [18-25].

Motivated by the above construction, Li et al. [26] defined a p-ary linear code
by

Cp = {cyp = (Tr(ax + by)), yep * a.b € F,}, 1))

where D C [qu is also called a defining set. And several classes of two-weight and
three-weight linear codes and their explicit weight enumerators were presented
when D = {(x, X) € [qu\{(O, 0)} : Tr(R(x,y) =0)}, where R(x,y) =xM +y,
N,, N, € {1,2,p5+1}. Jian et al. [27] studied several classes of two-weight and
three-weight linear codes of the form (1) for the two cases R(x,y) = x +y""*! and
R(x,y) = x> + y""*1. Hu et al. [28] studied C}, of the form (1) with the defining set
given by

D={(x,y) € E\{0,0)} : Tr> +xy) =u}, u € F,.
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In this paper, we extend their results by choosing the defining set given by
D= {(xy) € E\{(0,0)} : T’ +xy) =u}, u€F, )

where p is an odd prime. We mainly use certain exponential sums to determine the
parameters and weight distributions of linear codes with the form (1). In particular,
most of the linear codes obtained are minimal, which can be used to construct secret
sharing schemes [18].

The rest of this paper is organized as follows. Section 2 introduces some results
on additive characters, multiplicative characters and Gauss sums. Section 3 intro-
duces some auxiliary results for determining the parameters and weight distributions
of linear codes. Section 4 presents a class of three-weight linear codes from defining
sets. Section 5 makes a conclusion.

2 Preliminaries

In this section, we introduce some basic results on additive characters, multiplicative
characters and Gauss sums.
Definition 1 Fora € F,. the trace function 7i(a) of a over F, is defined by
Tr =T’”EF1,/[F,, : [Fq — [Fp,
Tr@@)=a+d’ +a” +..+da",
where g = p™. Note that ¥ = a for each a € [,
Lemma 1 [29] For a,b € F,,c €F,, the trace function Tr satisfies the following

properties:

(1) Tr(a+ b) = Tr(a) + Tr(b),
2) Tr(ca) = cTr(a),
3) Tr(a)y = Tr(a).

Definition 2 An additive character of [, is a homomorphism from the additive group
F, into the multiplicative group composed by the p-th roots of unity in the complex
numbers.

For eacha € [Fq, the function defined by
Z.(X) = CPT’(“") forallx € F,

is an additive character of [Fq, where Cp = ez”\/‘_l/”. When a =1, y, is called the
canonical additive character of [,. Note that y,(x) = y;(ax).
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Lemma 2 [29] Let y, be a canonical additive character of F,, then the orthogonal
property of additive characters is given by

qg ifa=0,
b ((Z.X) — gTr(ux) — ) X
er‘E, ! x;ﬁp 0 ifaekF).

Some results of multiplicative characters and Gauss sums are given below.

Definition 3 Let « be a primitive element of [Fq. Foreach j=0,1,...,q — 2, the func-
tion given by

W (@) = V@D for k= 0,1,..,q -2

is a multiplicative character of F,. When j = (¢ — 1)/2, y,_,, is called the quad-
ratic multiplicative character of |, which is denoted by 7. When j = (p — 1)/2 and
q4=D:Vp-1))2 is called the quadratic multiplicative character of [Fp, which is denoted

by 7.

Definition 4 Let y, be a canonical additive character of IF, and 77 be a quadratic multi-
plicative character of IF,. The Gauss sum over [, is defined by

G ) = ), )z ().

ceF*
q

Let j, be a canonical additive character of F, and 77 be a quadratic multiplicative
character of [,. The Gauss sum over [, is defined by

G, 1) = Y, file) 7y (c).

celF*
»

Lemma 3 [29] Let F, be a finite field with q = p™, where p is an odd prime and
m € N. Let n be a quadratic multiplicative character of |, and y, be a canonical
additive character of F,. Then

(~1)" g2 if p = 10mod 4),
Gn, 1) = |
=DV =-1"q2 if p = 3(mod 4).

The following lemma on exponential sums is of use.

Lemma 4 [29] Let y be a nontrivial additive character of F, with q odd, and let
fx) = a2x2 +a;x+ay € [Fq[x] with a, # 0, then

Tr(ag—a*(4ay)™)
Z CpTr(f(x)) =g, " n(a)Gn, x).

x€F,

where 1 is a quadratic multiplicative character of .
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3 Auxiliary results

This section gives some lemmas for determining the parameters and weight dis-
tributions of linear codes C, with the form (1), where the defining set D is defined
in (2).

From now on we fix the following notations.

— g =p", where p is an odd prime and m is a positive integer.
— Tris the trace function from [, to F,.
_ é:p = eZIE\/——l/p'
- uekl,
— Ji1s a canonical additive character of F, 77 is a quadratic multiplicative charac-
ter of I,
j— 2 . * — E3
- S, = xeF’}L NS, = [FP\S[,.

Letny = #{(x,y) € [qu : Tr(x” + xy) = u}, then

ny = #{(x,y) € [Fq2 D Tr(x + xy) = u)

2 Z CWI (Tr(xP4xy)—u)
14

1
p x,ye[Fpm wle[F‘[7

oy 3
R YRS M lateetat &)
X.yEFm wle[F,j
=l g l-Ql»
p

where

= 3 T+,

x,yE[Fpm WIGIF;
Let N, = #{(x,y) € [qu : Tr(x? + xy) = u, Tr(ax + by) = 0}, then

Ny =#{(x,y) € [qu 2 Tr(x” + xy) = u, Tr(ax + by) = 0}

1 w (Tr(x? +xy)— )
_ | y)—u) w, Tr(ax+by)
) Z 2 Cp 2 Cp

p x,y€F,m w €F, w,€F,
1 wi (Tr(x” +xy)—
= — 1 (Tr(xP +xy)—u) w, Tr(ax+by)
P 2+ g a+ Y g )
X,YEFm wy E[F,f WZGIF;

oo 1
=p" 4 ;(91 +82) + 823),

where
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‘QZ — Z Z é'[;var(ax+by)’

X.yE€F,m wyEFY

‘QS = Z Z é’le(Tr(x’ﬁxy)—u) Z C;var(ux+by).

XyEFm w) GIF; WQEH:F*

The Hamming weight of a codeword ¢, ;, in Cp, with the form (1) is

1

n— 1
w(cyp) =ng =Ny = (p - p? 2+I_791 _E(Q1 + 02, + £2;). 4)

The following lemmas give the values of 2/, £2, and £2;.

Lemma5 Let j, be a canonical additive character of F,, i be a quadratic multiplica-
tive character of F,. Then

(-G, i) = p.

Proof From Lemma 3, if p=1(mod4), 7#(-1)=1, G j)= %1’ then
(-DG*(, ) =p. I p=3(mod4), i(-1)=-1, G, 7)=\-1p2, then
i(=1)G?*(#, i) = (=1)(/=1)*>p = p. Hence, this lemma follows. O
Lemma6 Ler 2, = Y ¥ &I hen
X,YEFm wleﬂ-—lj
- Dp" ifu=0,
0 = (p—Dp f
—-p" if u#0.
Proof From Lemma 2,
Q = z Z g;ﬂr(xmy)—u)
X,yEFm wle[Flj‘
— Z Z C—uw, é«wlTr(x”+xy)
X,YEFm wle[F; ? ?
— Z Cp—uwl Z prlTr(x) Z C[];ler(vx)
Wy e[F; x€F,m YEFm
— Z Cp—uvvl(pm+ Z C;lTr(X) Z C;vlTr(yx))
w e[Fp* x€F,m YEFm
x#0
=pm 2 Cp—uwl
WIG[F;
[ =Dp" fu=0,
S =p” if u#0.
Hence, this lemma follows. O
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Tr(ax+b
lemma7 Let 2,= Y, Y & Haxtby) \ohere a,b € F,. then
x,yE[Fpm WQE[FI;“

QZ{@—MW if (a.b) = (0,0),
270 if (a,b) # (0,0).

Proof From Lemma 2, we have

'QZ — 2 Z przTr(ax+by)

X.yEFm er[Fp*

Z Z sz Tr(ax+by)
p

Wy E[Fp* x,yE[F,,m

Z Z é«szr(ax) Z szTr(by)
P p

WZE[FF* XEFm YEFm
_ [ @=Dp™ if (a,b) = (0,0),
0 if (a,b) #(0,0).
Hence, this lemma follows. O

Lemma 8 Let 93 — Z Z é'l;Vl(Tr(xP+xy)—u) z CI‘;VzTr(ax+by)’ where a,b € [Fq'

x.y€F,m w R wyEFS
(1) Whenu =0,

(p—1)*p" if Tr(ab) = 0 and Tr(b) = 0,
) - (- Dp™ if Tr(ab) = 0 and Tr(b) # 0,

> ) or, Tr(ab) # 0 and Tr(b) = 0,
p" if Tr(ab) # 0 and Tr(b) # 0.

(2) Whenu # 0,

—(@-Dp" if Tr(ab) = 0 and Tr(b) = 0,

or,Tr(ab) # 0 and B € NSp,
Q;=49p" if Tr(ab) = 0 and Tr(b) # 0,

or,Tr(ab) # 0 and B = 0,

(p+ Dp™ if Tr(ab) # 0 and B € S,,.

where B = Tr2(b) — 4uTr(ab).

Proof We evaluate the values of £2; by the results of exponential sums.
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_ wy (Tr(xX” +xy)—u) w, Tr(ax+by)
£ = Z Z gpl Z sz

X,yEFm w) e[Fp* wzefFIj‘

Z C—uwl Z Z CTr(wl(x”+xy))+Tr(w2(ax+by))
14 14

wy G[FP* WZEIFF* x,yeF,,m

—uw Tr(w,x+w,ax) Tr(y(w x+w, b))
25T 2 X g 3 e

wy G[Fp* W2E[Fp* XEFm YEFm

=pm Z é«p—uwl Z Z gpf‘r(w]x+w2ax) (Lemma 2)

wy E[FI;‘ WZEH:; XEFm
WX+ b=0

:pm 2 C—uwl Z Z é«Tr(wzax—Wzb)
P P

w Ry wy€Fy x€Fm
w1 x+wpb=0

Tr((— wza)( b) w,b)

Z C—LtW Cp

wi, WZEEF*

Z C—MW

wi, W2€D:

Tr(ab) — —Tr(b)w2

We further evaluate the above exponential sum. Let t; = Tr(ab), t, = Tr(b).
(1) Caseu = 0.

When ¢, =0,
Y L=p-1p" if 1, =0,
WI,WZE[F;
QS = —IHW: m .
2 L=—=1p" L 20,
wl,wze[Fp*

When ¢, # 0, then
-3
L5 =—hw,
] Wi
Q3 =p Z Cp
w],wzeﬁj
Lw,

4D DI

WIEF;‘ w,€F,

w2—t,w.
=p" Z Z gp”l T Z 1 (Lemma 4)
WIE[F* w,€F, w,E[FIj‘
=" X & ‘ﬁ<—1>G(n w-@-Df
WIE[F“ Wi
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We further evaluate the above exponential sum by distinguishing the cases that
t, =0andt, #0.
Ift, = 0, then

2 =p" Y ﬁ(%‘)G(ﬁ,f])—(p— 1)

WIEU:F* 1
= p"Gi(=t)G(, 7)) Y, iiw) = (p = 1)
wIGIFI:‘
— _(p — 1)pl71.

If #, # 0, from Definition 4 and Lemma 5, then

2, n —4r;
m 4 — — _ -
&=p"| 2 6"l g Jil — )62 - -1
1

wi R} 2

—4\
=p"\ 7 2 G, y)—p-1
2
4ty )
=p"\ 7 2 =G, ) —@P-1)
2

= p"{i(=DG*@, 7)) — (p = 1))

(2) Caseu # 0.
When ¢, =0,
Y, oM™= -1p" if,=0,
0 wl,wzelﬁj
3 = —uw —IHw m .
A ) W e if ty #0.
wlefFIj‘ wze[Fp*

When #;, # 0, then
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-w?
Q= Y e Y
3=P D P

wle[Flj‘ WZE[F;
w2 tyw,
=p" Yoy T =
wle[Fp* w,€F,
1W§—t2w2
AP M
wlelFlj‘ w,€F, WIGIF;‘
2
m Grmom_ (=1 _
=l Yo" A =L )G@m +1 (Lemma 4)
wi€F; w1

r 4ur1

m Ta wr_ =t _
= 2 — |GG, ) + 1]
P Cp n< o ) @, 1)

WIEP

We further evaluate the above exponential sum by distinguishing the cases that
2 — 4ut; # 0 and 13 — 4ut; = 0.
If t2 4ut; # 0, from Definition 4 and Lemma 5, then

s, (2~ du —47
1 I_ 2 1 — 1 - -
=p" &M q wy )i G, ) + 1
WIEE;F* P ( 41, 1) (t§—4ut1> !
p<< )G(nx1)+l)
2 — 4ut,
p ( < )n( DG (11,)(1)+1>
4ty 1
+
4 t —4ut1 P

—(p—Dp™ if 5 —4ut; €NS,,
T e+ if 2 —du €S,

=i

If t% —4ut, =0, then

—t
Q3 =p" Z ﬁ(w—l>G(ﬁ,)?1)+ 1
1

wIEIFIj‘
= p"(A(-1)G@, 7)Y, ilw) +1)
wlele*

m

@ Springer



A class of three-weight linear codes over finite fields of odd... 369

Table 1 The three-weight linear W A
code withu =0 v

0 1

(- Dp*2 P2 4 (p— pl =1

(p _ 1)p2m—2 + (p _ l)pm—l p2m—l + (p _ 2)p2m—2 _ (P _ l)pm—l

(p _ 1)p2m—2 + (p _ 2)pm—l (p _ 1)p2m—1 _ (p _ 1)p2m—2
Table 2 The three-weight linear w A
code withu # 0 Y

0 1

- 1)p2m—2 p;1p2m—1 +pZm—Z + P;lpm—l —1

2 2
(17 _ l)pZ/n72 _pmfl 2(p _ 1)p2mf2
— 1p2m=2 _ppm-1 prloom—1 _ — Dp2m-2 ezl ym-t

v -"1p 2p P = @2p—p™ 5P

Hence, this lemma follows. O

4 A class of three-weight linear codes

In this section, we consider the linear codes Cp, with the form (1) from the defin-
ing set D defined in (2). Then we obtain a class of three-weight linear codes. The
parameters and the weight distributions of the linear codes are given in the following
theorem.

Theorem 1 Let p be an odd prime, D = {(x,y) € [F;\{(O, 0)} : Tr(x” + xy) = u},
where u € |, and g = p™.

(1) When u = 0, the code Cy, defined by (1) is a three-weight linear code with
parameters [pzm_l +@-Dp™ ! —1,2m,(p - l)pzm‘z], whose weight distribution is
listed in Table 1.

(2) When u # 0, then the code Cp, defined by (1) is a three-weight linear code with
parameters [p*"~' = p™=' 2m, (p — 1)p*"=% = 2p™~'|, whose weight distribution is

listed in Table 2.

Proof From (3) and Lemma 6, we have

P =D ifu=0,
oy = 2m—1 _  m—1 .
P —p if u#0.

Then the length n of the linear code Cj, is given by
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ng—1=p" ' +@p-p" ' =1 ifu=0,
n=
ng=p"t —p"! if u#0.

(1) When u = 0, it follows from (4), Lemmas 6, 7 and 8 that the Hamming weight
w(c,;) of the nonzero codeword c,, is given by

(p — Dp?—2 if Tr(ab) =0 and Tr(b) = 0,
_J @ =Dp* 2+ (- Dp™ ! if Tr(ab) = 0 and Tr(b) # 0,
W(cep) = or, Tr(ab) # 0 and Tr(b) = 0,

(p — Dp*™ 2+ (p — 2)p™' if Tr(ab) # 0 and Tr(b) # 0.

Through the above analysis, let w; = (p — D)p*™2, wy = (p — Dp* 2 + (p — p™ !,
wy=(@=Dp* 2+ @p-2)p"", and A, , A, , A, denote the numbers of code-
words with weights w, w,, w; respectively.

When Tr(ab) = 0 and Tr(b) = 0, the number of codewords with weight w; can be
obtained.

A, = Lz T g g g

b

x,y€F,m w €F, w,€F,
1 .
= — 1 Tr(xy) wyTr(y)y _
Ly s T grae 3 g
X,yEFm wy GIFI;‘ w,€E [F[j

=p 2+ iz(A1 + Ay + A -1,
p

where

4= 3 Tgmas 33 g

X,yEFm w, EF; X.yEF,m wze[Fp*
A, = 2 2 wy Tr(xy) Z wy Tr(y)‘
3 <, <
x.yEFm w EF w,EF>

The values of A;, A, and A5 are as follows:
From Lemma 2, then
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A = Z Z CleTr(Xy)

xyEFm w, EFX

DI

wy e[Flj X,yEFm

ISR

w €FY x€Fm yeF,m

IR I WAL

w ek XEF,m yeF,m
X#0

(- Dp™.

A, = 2 2 C;‘zTr(y) = 0.

X,yE [Fpm Wy EF;

Ay = Z Z C;V]Tr(xy) z é'[:VzTr(y)

X,yEFm w) EF; wzeFlj

Z Z Z:wl Tr(xy)+w, Tr(y)
P

wl,wze[Fp* x,ye[Fpm

2 Z szTr(y) 2 CwlTr(xy)
P P

wy ,wze[Fp* YEFm XEFm
_ m wy Tr(y Tr(xy
- T e g T

wy ,WZG[FP* YEFm XEFm

y#0

_ m
= X

wl,wze[F;

2.m

=@-D7p"

Through the above results, we can obtain:
A, =p" P+ (p-1p" -1
Then by Pless Power Moments [30], we have
A, +A, +A, =p"—1,
WA, WA, + WA, = (p - Dnp*m=1,

Solving the above system of linear equations, we have A, = pr!
+p=2p"? = (p—Dp" " and A, =(@p-1Dp* ' —(p—1)p* > Hence, we
have the weight distribution in Table 1.

(2) When u # 0, then it follows from (4), Lemmas 6, 7 and 8 that the Hamming
weight w(c, ;) of the nonzero codeword c,;, is given by
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(p - hp™? if Tr(ab) = Tr(b) = 0,
or,Tr(ab) # 0 and B € NSP,

w(c,,) =1 (p— Dp*™2 —pm! if Tr(ab) = 0 and Tr(b) # 0,
or,Tr(ab) # 0 and B = 0,
(p— Dp*"=2 —2pm! if Tr(ab) # 0 and B € S,,,

where B = Tr2(b) — 4uTr(ab). Let w =(@- Dp¥2, wy,=(p-— Dp?=2 — p™=
wy = (p = Dp*"~2 = 2p"~!. With the same technique as u = 0, we have A, =

_ _ 1 e _ 1 2me -
p2m 1+p2m 2+prm l_l,sz=2(p_1)p2m 27 Aw3 =P%p2m 1_(2p_1)p2m 2
Hence, we have the corresponding weight distribution in Table 2. a

The results of Theorem 1 are verified by Magma.

Example 1 Let p =3, m =2, u =0, then the code C}, in Theorem 1(1) has param-
eters [32, 4, 18] and weight enumerator 1 + 14z'% 4+ 36z%! + 3074

Example 2 Let p =5, m =2, u =0, then the code C}, in Theorem 1(1) has param-
eters [144, 4, 100] and weight enumerator 1 + 44z'%° 4 400z! + 180z'%°.

Example 3 Let p =3, m =2, u = 1, then the code Cj, in Theorem 1(2) has param-
eters [24,4, 12] and weight enumerator 1 + 6z'2 4+ 36z!% + 387'8,

Example 4 Let p =5, m =2, u = 1, then the code C, in Theorem 1(2) has param-
eters [120, 4,90] and weight enumerator 1 + 140z%° 4 2007 + 2847'%,

Minimal linear codes have interesting applications in secret sharing schemes
[8, 31]. A sufficient condition [32] for a linear code to be minimal is given in the
following lemma.

Lemma 9 [18] Every nonzero codeword of a linear code C over F, is minimal, pro-
vided that

szw p

where w,,,. and w,,, denote the maximum and minimum nonzero weights in C,
respectively.

For the code Cy, of Theorem 1, we have
(1) whenu =0, m > 2,
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Winin _

p—1

>
Winax (p - 1)p2m—2 + (p - 1)pm—l

(2) whenu #0, m > 3,

Winin

B (p _ 1)p2m—2 _ me—l

p b}

p—1

Wmax

(¢p = Dp>=?

p

Then it follows from Lemma 9 that all the nonzero codewords of Cj, are minimal if
m > 3. Hence, these codes can be used to construct secret sharing schemes.

Remark Some interesting linear codes with three weights were presented in [16—
19, 21-24, 26-28, 33, 34]. We list lengths of known three-weight linear codes in
Table 3. Note that some of our codes have been presented in [17] when p | m. How-
ever, parameters of our codes are more flexible. Our codes in Theorem 1 are not
covered in previous papers and most of our codes are new.

Table 3 The comparison of three-weight linear codes

Lengths of three-weight linear codes

Some parameters and references

mp=1) m

m—1 _p—l(p_ 1)(_1) 1 pE -1

mp=1) m
m—1 +p—l(_l)Lpz -1

el (p = Dprn-DH) g

%(m—l-ﬁ—(—l)%) -1

ASTERS T S T S T

1, m— *m—l
s xeypt )

2m—1 -1

pre—1

pZm—l +pm+v _pm+v—l -1
22l s —1

22m=1 4 (L)l g
P+ (=)= — p T -
P (=D — 1pT o
=1

om=1 _ (_1)%2%“-1 -1

prli-1

prt—2pmt 41

Pt =Dt -1

P

2m—1 __ ,,m—1

4

p=3,
p=>3,
p=3
p=3,
p=>3,
p=3,
P23,
p=3,
P=2
p=3,
p=3
P=2,
P=2,

p | m, miseven; [17]
p+m, miseven; [17]
m = 0 (mod p), m = 2 (mod4); [16]
m # 0 (mod p), m = 2 (mod4); [16]

mis odd; [18, 22-24]
mis odd; [18, 22, 24]

pf= (—l)%p, mis odd; [22]

p* = (=1)'T p, mis odd; [22]
[19]

m = es; [21]

v = ged(m, u); [23]

m/lis odd; [28]

m/lis even; [28]

p =1 (mod 4), mn is even; [34]

p =3 (mod 4), mn is even; [34]

p=3,
p=2,
p=3;
p3;
p=3
p=3

mn is odd; [34]
m/lis even; [33]
[26, 27]

[26]

u = 0 this paper
u # 0; this paper
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5 Conclusion

In this paper, we generalized the results of [28], and obtained a class of three-weight
linear codes over finite fields of odd characteristic. The parameters and weight dis-
tributions of linear codes were determined by some results of exponential sums.
Further, most of linear codes obtained are minimal, which can be used to construct
secret sharing schemes. It would be interesting to construct linear codes with good
properties by new methods and present more applications of linear codes.
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