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Abstract

Linear codes with a few weights are widely studied due to their important applications
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in secret sharing schemes, authentication codes, association schemes, strongly regular

graphs, etc. In this paper, several classes of p-ary linear codes are constructed by

selecting a new definition set, and the parameters and weight distributions of the

codes are determined by exponential sums. Finally, it is shown that the linear codes

constructed in this paper are minimal linear codes in most cases, which can be used

to design secret sharing schemess with good access structures.
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1. Úó

� Fq �¹k q ����k��, Ù¥ q = pm, p �Û�ê� m ���ê, F∗q = Fq\{0}. k�
� Fp þ� n ��þ�m Fnp � k ��5f�m C ¡�è�� n, &E � k � p � [n, k] �5è,

è C ¥�z���þ¡�èi.- Ai L«è C ¥­þ� i�èi�ê,Kè C �­þOêì½Â

� 1 +A1z+A2z
2 + . . .+Anz

n,S� (1, A1, A2, . . . , An)¡�è C �­þ©Ù.e (A1, A2, . . . , An)

¥Ø� 0 � Ai ��ê� t, K¡è C � t ­è.�5èduäkûÐ��ê(�±9´u£ãÚ

\)��A5, ¤±3Ï&!êâ�;Ú&ES��+�äk­��A^, AO/, äk�$­þ�

�5è3'é�Y [1], �����Y [2], r�Kã [3] �+�äk­��¿Â, ¤±�2�ïÄ.

Baumert [4] 3 1972 cÄgJÑ|^½Â8�E$­�5è��{. 2007 c, Ding [5] m©/

Ï�êÚnØ?�ÚÏLd�{�Eäk�$­þ��5è. ùa�5èëê�Ð�d½Â8û½,


�éõ®���5èþ�ÏLd�{À�T��½Â8��, ÏdéõÆö}ÁÀ�ØÓ�½Â

8?1�E, �'(J�±ë�©z [6–14] �, ù
ó�Ñ4�´L
�5è�ïÄ.

CAc, Ding�< [15]Ú Li�< [16] ïÄäk±e/ª��5è

CD = {(Tr(αx))x∈D | α ∈ Fq} , (1)

À��½Â8©O�D =
{
x ∈ F∗q : Tr (x2) = 0

}
ÚD =

{
x ∈ F∗q : Tr (x2 + x) = 0

}
,�E
Aa$

­�5è. 2021c, Ouyang�< [17] ò±þ�E?1í2,=Äu½Â8

D =
{
x ∈ F∗q : Tr

(
ax2 + bx

)
= 0
}
,

DOI: 10.12677/pm.2023.135142 1390 nØêÆ

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12677/pm.2023.135142


4©�

Ù¥ a ∈ F∗q , b ∈ Fq,�E
Aa�5è.É±þó��éu, �©UYé (1)ª��5è?1ïÄ,

À�½Â8�

D =
{
x ∈ F∗q : Tr

(
ax2 + bx

)
= γ

}
, (2)

Ù¥ a ∈ F∗q , b ∈ Fq � γ ∈ F∗p,�E
Aa#ëê� p��5è¿(½
è�ëê9­þ©Ù.ÏL

Aschikhmin-Barg^�`²�©�E��5è´4��5è,�±^5�OäkûÐ�¯(���

����Y.w,,� (2)ª¥� (a, b, c) = (1, 0, 0)� γ = 0 �,¤�(J=� Ding�<�(Ø;�

(2)ª¥� (a, b, c) = (1, 1, 0)� γ = 0 �,¤�(J=� Li�<�(Ø;� (2)ª¥� γ = 0�,¤

�(J=� Ouyang�<�(Ø.

�©|�(�Xe, 1�Ü©0��
ý��£;1nÜ©ïÄ
m�ÛêÚm�óêü«�

/eè CD �ëê9­þ©Ù;1oÜ©o(�©.

2. Ä:�£

Äk0�k��¥��
Ä:�£.

é?¿� a ∈ Fq, Fq þ�\{A� [18]½Â� χa(x) = ζ
Tr(ax)
p ,Ù¥ x ∈ Fq, ζp = e2π

√
−1/p �

Fq ��� p g��ü �.e a = 1,¡ χ1� Fq �\{ÌA�.\{A�÷v��5 [18]

∑
x∈Fq

χ1(ax) =
∑
x∈Fq

ζTr(ax)p =

{
q, a = 0,

0, a ∈ F∗q .
(3)

- ξ � F∗q ���)¤�,é?¿� 0 ≤ j ≤ q − 2, Fq þ�¦{A� [18]½Â�

ψj
(
ξk
)

= e2π
√
−1jk/(q−1), k = 0, 1, . . . , q − 2.

k��þ�?Û��¦{A� ψ þ�±^d/ªL«. e j = (q − 1)/2, K ψ(q−1)/2 ¡� Fq ��
g¦{A�,P� η. �©¥^ η Ú η̄ ©OL« Fq Ú Fp þ��g¦{A�,K?¿ x ∈ F∗p:em�

óê,K η(x) = 1;e m�Ûê,K η(x) = η̄(x).ù�5��~­�,�©�´Ï�T5�¤±â©

m�ÛêÚ m�óêü«�/©m?Ø. Fq þ�gA��pdÚ½Â� G(η) =
∑

x∈F∗
q
η(x)χ(x),

Ù¥ ηÚ χ©O� Fq þ��g¦{Ú\{A�.'u�gpdÚ,kXeü�­�(Ø.

Ún1. [18] � Fq �¹k q����k��.K

Gm =
∑

x∈F∗
pm

η(x)χ(x) = (−1)m−1
√
−1

(p−1)2m
4
√
pm.

dÚn 1,w,k G1 = (−1)
p−1
4 p

1
2 .K

Gm+1 = GmG1 = (−1)
(p−1)(m+1)

4 p
m+1

2 � Gm+2 = GmG
2
1 = (−1)m−1(−1)

(p−1)2(m+1)
4 p

m+2
2 .
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Ún2. [18] e f(x) = a2x
2 + a1x+ a0 ∈ Fq[x] � a2 6= 0. K∑

x∈Fq

ζTr(f(x))p = ζ
Tr(a0−a21(4a2)−1)
p η (a2)G(η, χ).

e¡0�4�è��'�£.

�5è C ¥èi c = (c1, c2, . . . , cn) �| ½Â�

Suppt(c) = {1 ≤ i ≤ n : ci 6= 0} .

eé?¿�ü�èi u,v ∈ C, k Suppt(v) ⊆ Suppt(u), K¡ u CX v. eè C ����"èi c

�CX§�Xþ�ê, K¡ c ´��4�èi. e�5è C ¥�¤kèiþ´4�èi,K¡�5

è C ´4��5è [19].

'u4�è��½,kXe¿©^�.

Ún3. [20] (Aschikhmin-Barg ^�) e Fp þ�5è C ���Ç²­þ wmax Ú��Ç²­

þ wmin ÷v
wmin

wmax

>
p− 1

p
,

Kè C ´4�è.

�
�B,e©¥PM = Tr( b
2

a
), ω = −γ.

3. Ì�(Ø9y²

3.1. m �Ûê�è CD �ëê9Ù­þ©Ù

��!?Øm�Ûê�,Äu (2)ª�E� (1)ª�5è CD �è�,�ê±9­þ©Ù. Äk

O�è�.

Ún4. � CD �è�� n,K

n =

{
pm−1, ω − M

4
= 0,

pm−1 + 1
p
Gm+1η(a)η̄(ω − M

4
), ω − M

4
6= 0.

y² d (3)ª��

n =
1

p

∑
x∈F∗

q

(∑
y∈Fp

ζy(Tr(ax
2+bx)+ω)

p

)

=
1

p

∑
x∈Fq

(∑
y∈Fp

ζy(Tr(ax
2+bx)+ω)

p

)
− 1

p

∑
y∈Fp

ζωyp

=
1

p

∑
x∈Fq

(
1 +

∑
y∈F∗

p

ζy(Tr(ax
2+bx)+ω)

p

)
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= pm−1 +
1

p
Gmη(a)

∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y)

=

 pm−1, ω − M
4

= 0,

pm−1 + 1
p
Gm+1η(a)η̄(ω − M

4
), ω − M

4
6= 0.

(4)

e¡m©(½�5è CD ¥�"èi�Ç²­þ.^ ]AL«8Ü A¥����ê. �

Nρ(a, b) = ]
{
x ∈ F∗pm | Tr

(
ax2 + bx

)
+ ω = 0,Tr(ρx) = 0

}
.

Kèi cρ ∈ CD
(
ρ ∈ F∗q

)
�Ç²­þ�±L«�

wt (cρ) = n−Nρ(a, b), (5)

Ù¥ n �è CD �è�. w,

Nρ(a, b) =
1

p2

∑
x∈F∗

q

(∑
y∈Fp

ζy(Tr(ax
2+bx)+ω)

p

)(∑
z∈Fp

ζzTr(ρx)p

)

=
1

p2

∑
x∈Fq

(
1 +

∑
y∈F∗

p

ζy(Tr(ax
2+bx)+ω)

p

)(
1 +

∑
z∈F∗

p

ζzTr(ρx)p

)
− 1

p

∑
y∈Fp

ζωyp

= pm−2 +
1

p2

(
Ω1 + Ω2 +

∑
x∈Fq

∑
z∈F∗

p

ζzTr(ρx)p

)

= pm−2 +
1

p2

(
Ω1 + Ω2

)
, (6)

Ù¥

Ω1 =
∑
x∈Fq

∑
y∈F∗

p

ζ
y(Tr(ax2+bx)+ω)
p =

 0, ω − M
4
6= 0,

Gm+1η(a)η̄(ω − M
4

), ω − M
4

= 0.
(7)

Ω2 =
∑
y∈F∗

p

∑
z∈F∗

p

∑
x∈Fq

ζ
Tr(ayx2+(by+zρ)x)+ωy
p .

e¡O� Ω2 ��"

Ún5. � Ω2 =
∑
y∈F∗

p

∑
z∈F∗

p

∑
x∈Fq

ζ
Tr(ayx2+(by+zρ)x)+ωy
p .
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(1)e ω − M
4

= 0,K

Ω2 =


0, Tr

(
ρ2

a

)
= 0,

(p− 1)Gm+1η(a)η̄
(
−Tr

(
ρ2

a

))
, Tr

(
ρ2

a

)
6= 0� Tr

(
bρ
a

)
= 0,

−Gm+1η(a)η̄
(
−Tr

(
ρ2

a

))
, Tr

(
ρ2

a

)
· Tr

(
bρ
a

)
6= 0.

(2)e ω − M
4
6= 0,K

Ω2 =



(p− 1)Gm+1η(a)η̄(ω − M
4

), Tr
(
ρ2

a

)
= Tr

(
bρ
a

)
= 0,

−Gm+1η(a)η̄(ω − M
4

), Tr
(
ρ2

a

)
= 0� Tr

(
bρ
a

)
6= 0,

−Gm+1η(a)
(
η̄
(
−Tr

(
ρ2

a

))
+ η̄(ω − M

4
)
)
,

(
Tr
(
ρ2

a

)
6= 0� Tr

(
bρ
a

)
= 0
)
½ö(

Tr
(
ρ2

a

)
· Tr

(
bρ
a

)
6= 0� 4ωTr(ρ

2

a
)

+ Tr2
(
bp
a

)
6= M Tr

(
ρ2

a

) )
,

Gm+1η(a)
(

(p− 1)η̄
(
−Tr

(
ρ2

a

))
− η̄(ω − M

4
)
)
, Tr

(
ρ2

a

)
· Tr

(
bρ
a

)
6= 0� 4ωTr(ρ

2

a
)

+ Tr2
(
bp
a

)
= M Tr

(
ρ2

a

)
.

y²

Ω2 =
∑
y∈F∗

p

∑
z∈F∗

p

∑
x∈Fq

ζ
Tr(ayx2+(by+zρ)x)+ωy
p

=
∑
y∈F∗

p

∑
z∈F∗

p

Gmη(ay)ζ
Tr(− (by+zρ)2

4ay )+ωy
p

= Gmη(a)
∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y)

∑
z∈F∗

p

ζ
−

Tr

(
ρ2

a

)
z2

4y −
Tr( bρa )z

2
p .

�y² ω − M
4
6= 0��/, ω − M

4
= 0 y²�{aq.e¡©o«�/O Ω2.

�/ 1: Tr
(
ρ2

a

)
= 0 � Tr

(
bρ
a

)
= 0.K

Ω2 = (p− 1)Gmη(a)
∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y) = (p− 1)Gmη(a)

∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄

((
ω − M

4

)
y

)
η̄

(
ω − M

4

)

= (p− 1)Gm+1η(a)η̄

(
ω − M

4

)
.

�/ 2: Tr
(
ρ2

a

)
= 0 � Tr

(
bρ
a

)
6= 0.K

Ω2 = Gmη(a)
∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y)

∑
z∈F∗

p

ζ
−

T( bpa )z
2

p = −Gmη(a)
∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y)

= −Gm+1η(a)η̄

(
ω − M

4

)
.
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�/ 3: Tr
(
ρ2

a

)
6= 0 � Tr

(
bρ
a

) .
= 0.K

Ω2 = Gmη(a)
∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y)

∑
z∈F∗

p

ζ
−

Tr

(
ρ2

a

)
z2

4y
p

= Gmη(a)
∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y)

∑
z∈Fp

ζ
−

Tr

(
ρ2

a

)
z2

4y
p −Gmη(a)

∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y).

dÚn 2 ��

Ω2 = Gm+1η(a)η̄
(
−Tr

(
ρ2

a

)) ∑
y∈F∗

p

ζ
(ω−M4 )y
p −Gmη(a)

∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y)

= −Gm+1η(a)
(
η̄
(
−Tr

(
ρ2

a

))
+ η̄(ω − M

4
)
)
.

�/ 4: Tr
(
ρ2

a

)
6= 0� Tr

(
bρ
a

)
6= 0. K

Ω2 = Gmη(a)
∑
y∈F∗

p

ζ
(ω−M4 )y
p η̄(y)

∑
z∈Fp

ζ
−

Tr

(
ρ2

a

)
z2

4y −
Tr( bpa )z

2
p −Gm+1η(a)η̄(ω − M

4
).

dÚn 2 ��

Ω2 = Gm+1η(a)
∑
y∈F∗

p

ζ

(
4Tr(

ρ2

a
)ω+Tr2( bpa )−M Tr

(
ρ2

a

))
y

4Tr

(
ρ2

a

)
p η̄

(
−Tr

(
ρ2

a

))
−Gm+1η(a)η̄(ω − M

4
).

e 4 Tr(ρ
2

a
)ω + Tr2

(
bp
a

)
= M Tr

(
ρ2

a

)
,K

Ω2 = Gm+1η(a)

(
(p− 1)η̄

(
−Tr

(
ρ2

a

))
− η̄(ω − M

4
)

)
.

e 4 Tr(ρ
2

a
)ω + Tr2

(
bp
a

)
6= M Tr

(
ρ2

a

)
,K

Ω2 = −Gm+1η(a)η̄

(
−Tr

(
ρ2

a

))
−Gm+1η(a)η̄(ω − M

4
)

= −Gm+1η(a)

(
η̄(ω − M

4
) + η̄

(
−Tr

(
ρ2

a

)))
.

�

5¿�?¿ ρ ∈ F∗pm , wt (cρ) 6= 0, K CD ��ê� m.nÜ±þ(J��Xe(Ø.

·K1. �m�Ûê,½Â8� (2)ª.K (1)ª½Â��5è CD è�� n,�ê�m.�"è

i�Ç²­þ�

wt (cρ) = (p− 1)pm−2 +N.

(1)e ω − M
4

= 0,K n = pm−1.�
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N =



0, Tr
(
ρ2

a

)
= 0,

−p−1
p2
Gm+1η(a), Tr

(
bρ
a

)
= 0� η̄

(
Tr
(
ρ2

a

))
= −1,

p−1
p2
Gm+1η(a), Tr

(
bρ
a

)
= 0� η̄

(
Tr
(
ρ2

a

))
= 1,

1
p2
Gm+1η(a), Tr

(
bρ
a

)
6= 0� η̄

(
Tr
(
ρ2

a

))
= −1,

− 1
p2
Gm+1η(a), Tr

(
bρ
a

)
6= 0� η̄

(
Tr
(
ρ2

a

))
= 1.

(2)e ω − M
4
6= 0,K n = pm−1 + 1

p
Gm+1η(a)η̄(ω − M

4
).�

N =



0, Tr
(
ρ2

a

)
= Tr

(
bρ
a

)
= 0,

1
p
Gm+1η(a)η̄(ω − M

4
), Tr

(
ρ2

a

)
= 0� Tr

(
bρ
a

)
6= 0,

1
p2
Gm+1η(a)(pη̄

(
ω − M

4
) + 1

)
,
(

Tr
(
ρ2

a

)
6= 0, Tr

(
bρ
a

)
= 0� η̄

(
Tr
(
ρ2

a

))
= −1

)
½ö(

Tr
(
ρ2

a

)
6= 0, Tr

(
bρ
a

)
6= 0, 4 Tr(ρ

2

a
)ω + Tr2

(
bp
a

)
6=

M Tr
(
ρ2

a

)
� η̄

(
Tr
(
ρ2

a

))
= −1

)
,

1
p2
Gm+1η(a)(pη̄(ω − M

4
)− 1),

(
Tr
(
ρ2

a

)
6= 0, Tr

(
bρ
a

)
= 0� η̄

(
Tr
(
ρ2

a

))
= 1
)
½ö(

Tr
(
ρ2

a

)
6= 0, Tr

(
bρ
a

)
6= 0, 4 Tr(ρ

2

a
)ω + Tr2

(
bp
a

)
6=

M Tr
(
ρ2

a

)
� η̄

(
Tr
(
ρ2

a

))
= 1
)
,

1
p2
Gm+1η(a)η̄(ω − M

4
), Tr

(
ρ2

a

)
6= 0, Tr

(
bρ
a

)
6= 0� 4 Tr(ρ

2

a
)ω + Tr2

(
bp
a

)
=

M Tr
(
ρ2

a

)
.

y²d (4), (5)Ú (6)ª��

wt (cρ) = pm−1 +
1

p
Ω1 −

(
pm−2 +

1

p2
(Ω1 + Ω2)

)
= (p− 1)pm−2 +

p− 1

p2
Ω1 −

1

p2
Ω2,

K

N =
p− 1

p2
Ω1 −

1

p2
Ω2.

2(Ü (7)ªÚÚn 5w,��(Ø. �

5P1. éu·K 1 (1)¥�è CD,�m ≥ 5�:

e Gm+1η(a) = (−1)
(p−1)(m+1)

4 p
m+1

2 η(a) = ±pm+1
2 ,K

wmin

wmax

=
(p− 1)(pm−2 − pm−3

2 )

(p− 1)(pm−2 + p
m−3

2 )
>
p− 1

p
.

éu·K 1 (2)¥�è CD,�m ≥ 5�:

e Gmη(a) = (−1)m−1
√
−1

(p−1)2m
4
√
pmη(a) · η̄(ω − M

4
) = p

m
2 ,K

wmin

wmax

=
(p− 1)pm−2

(p− 1)pm−2 + (p+ 1)p
m−4

2

>
p− 1

p
.
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e Gmη(a) = (−1)m−1
√
−1

(p−1)2m
4
√
pmη(a) · η̄(ω − M

4
) = −pm2 ,K

wmin

wmax

=
(p− 1)pm−2 − (p+ 1)p

m−4
2

(p− 1)pm−2
>
p− 1

p
.

dÚn 3��,�!�E��5è3õê�¹e´4�è.

e¡m©O�­þ©Ù.Äk,�Ñü�O�ªÇI��Ún,Ù¥mþ�Ûê.

Ún6. [17] � t ∈ Fp. e N(t) = ]
{
x ∈ Fpm | Tr

(
x2

a

)
= t
}
. K

N(t) =

{
pm−1, t = 0,

pm−1 + 1
p
Gm+1η(a)η̄(−t), t 6= 0.

Ún7. [17] � t ∈ Fp,� a, b ∈ F∗pm .K N(t, 0) = ]
{
x ∈ Fpm | Tr

(
x2

a

)
= t,Tr

(
bx
a

)
= 0
}

.

e t = 0, K

N(0, 0) =

{
pm−2, p |M,

pm−2 + p−1
p2
Gm+1η(a)η̄(−M), p -M.

e t 6= 0, K

N(t, 0) =

{
pm−2 + 1

p
Gm+1η(a)η̄(−t), p |M,

pm−2 − 1
p2
Gm+1η(a)η̄(−M), p -M.

±þ(J����,Kke¡(Ø.

½n1. � p�Û�ê, m�Ûê,½Â8X (2)ª¤«� ω − M
4

= 0.K (1)ª½Â�è CD �

[pm−1,m] �5è, Ù­þ©ÙXL 1¤«.

Table 1. The weight distribution of code CD in Theorem 1

L 1. ½n 1¥è CD �­þ©Ù

­þ ªê

0 1
(p− 1)pm−2 Aω1

(p− 1)
(
pm−2 + 1

p2
Gm+1η(a)

)
Aω2

(p− 1)
(
pm−2 − 1

p2
Gm+1η(a)

)
Aω3

(p− 1)pm−2 + 1
p2
Gm+1η(a) Aω4

(p− 1)pm−2 − 1
p2
Gm+1η(a) Aω5

Ù¥, Aω1
= pm−1 − 1.
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e η̄(−M) = −1,K Aω2
= Aω3

= 1
2
(p− 1)(pm−2 + 1

p2
Gm+1η(a)).

Aω4
=

1

2

1

p2Gm+1η(a)
((1− p)G2

m+1η
2(a) + (pm + pm+2 − 2pm+1)Gm+1η(a) + (pm+3 − pm+2)),

Aω5
=

1

2

1

p2Gm+1η(a)
((1− p)G2

m+1η
2(a) + (pm + pm+2 − 2pm+1)Gm+1η(a) + (pm+2 − pm+3)).

e η̄(−M) = 1,K Aω2
= Aω3

= 1
2
(p− 1)(pm−2 − 1

p2
Gm+1η(a)).

Aω4
=

1

2

1

p2Gm+1η(a)
((p− 1)G2

m+1η
2(a) + (pm + pm+2 − 2pm+1)Gm+1η(a) + (pm+3 − pm+2)),

Aω5
=

1

2

1

p2Gm+1η(a)
((p− 1)G2

m+1η
2(a) + (pm + pm+2 − 2pm+1)Gm+1η(a) + (pm+2 − pm+3)).

y²d·K 1 (1) ��, CD ¥�"èi�Ç²­þ�L 1¥1 1�¤«.òL 1¥1 1��

�lþ�e�gP� w1, w2, w3, w4, w5,KéA�ªêP� Aw1
, Aw2

, Aw3
, Aw4

, Aw5
.

d·K 1ÚÚn 6��

Aw1
= N(0)− 1 = pm−1 − 1.

Ï� ω − M
4

= 0,¤± M 6= 0,= p -M.d·K 1ÚÚn 7�� Aω2
= Aω3

= 1
2
(p− 1)(pm−2 −

1
p2
Gm+1η(a)η̄(−M)).

d Pless �Ýúª [19] ��{
Aw1

+Aw2
+Aw3

+Aw4
+Aw5

= pm − 1,

w1Aw1
+ w2Aw2

+ w3Aw3
+ w4Aw5

+ w5Aw5
= (p− 1)npm−1.

(8)

Ïd,e η̄(−M)) = −1,K Aω2
= Aω3

= 1
2
(p− 1)(pm−2 + 1

p2
Gm+1η(a)).2(Ü (8)ª��

Aω4
=

1

2

1

p2Gm+1η(a)
((1− p)G2

m+1η
2(a) + (pm + pm+2 − 2pm−1)Gm+1η(a) + (pm+3 − pm+2)),

Aω5
=

1

2

1

p2Gm+1η(a)
((1− p)G2

m+1η
2(a) + (pm + pm+2 − 2pm−1)Gm+1η(a) + (pm+2 − pm+3)).

e η̄(−M) = 1,K Aω2
= Aω3

= 1
2
(p− 1)(pm−2 − 1

p2
Gm+1η(a)).2(Ü (8)ª��

Aω4
=

1

2

1

p2Gm+1η(a)
((p− 1)G2

m+1η
2(a) + (pm + pm+2 − 2pm−1)Gm+1η(a) + (pm+3 − pm+2)),

Aω5
=

1

2

1

p2Gm+1η(a)
((p− 1)G2

m+1η
2(a) + (pm + pm+2 − 2pm−1)Gm+1η(a) + (pm+2 − pm+3)).

Ïd��è CD �­þ©Ù. �

e¡�~f�d Magma §S�y.

~1. �½Â8X (2)ª¤«,� p = 5, m = 3, a = 2, b = 4, ω = Tr(2).K CD � [25, 3]�5
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è,Ù­þOêì� 1 + 24z20 + 12z24 + 12z16 + 48z21 + 28z19,�½n 1�(Ø��.

~2. �½Â8X (2)ª¤«,� p = 7, m = 5, a = 1, b = 2, ω = Tr(1).K CD � [2401, 5]�

5è,Ù­þOêì� 1 + 2400z2058 + 1050z2016 + 1050z2100 + 6006z2051 + 6300z2065,�½n 1�(

Ø��.

3.2. m �óê�è CD �ëê9Ù­þ©Ù

��!?Ø m�óê�,Äu (2)ª�E� (1)ª�5è CD �è�,�ê±9­þ©Ù.du

y²�{Úm�Ûê��/aq,¤±Ø2Kã.

Ún8. � CD �è�� n,K

n =

{
pm−1 + p−1

p
Gmη(a), ω − M

4
= 0,

pm−1 − 1
p
Gmη(a), ω − M

4
6= 0.

·K2. � m�óê,½Â8� (2)ª.K (1)ª½Â��5è CD è�� n,�ê� m.�"è

i�Ç²­þ�

wt (cρ) = (p− 1)pm−2 +N.

(1)e ω − M
4

= 0,K n = pm−1 + p−1
p
Gmη(a).�

N =


0, Tr

(
ρ2

a

)
= Tr( bρ

a
) = 0,

p−1
p
Gmη(a), Tr

(
ρ2

a

)
· Tr( bρ

a
) = 0� Tr

(
bρ
a

)
6= Tr

(
ρ2

a

)
,

p−2
p
Gmη(a), Tr

(
ρ2

a

)
· Tr( bρ

a
) 6= 0.

(1)e ω − M
4
6= 0,K n = pm−1 − 1

p
Gmη(a)).�

N =



0, (Tr
(
ρ2

a

)
= Tr

(
bρ
a

)
= 0)½ö (Tr

(
ρ2

a

)
6= 0, Tr

(
bρ
a

)
= 0�

η̄(−(ω − M
4

) Tr
(
ρ2

a

)
) = −1))½ö (Tr

(
ρ2

a

)
· Tr

(
bρ
a

)
6= 0,

4 Tr(ρ
2

a
)ω + Tr2

(
bp
a

)
6= M Tr

(
ρ2

a

)
� η̄(4ωTr

(
ρ2

a

)
+ Tr2

(
bρ
a

)
−M Tr

(
ρ2

a

)
) = −1),

−1
p
Gmη(a), (Tr

(
ρ2

a

)
= 0,Tr

(
bρ
a

)
6= 0)½ö (Tr

(
ρ2

a

)
· Tr

(
bρ
a

)
6= 0�

4 Tr(ρ
2

a
)ω + Tr2

(
bp
a

)
= M Tr

(
ρ2

a

)
),

−2
p
Gmη(a), (Tr

(
ρ2

a

)
6= 0,Tr

(
bρ
a

)
= 0, η̄(−(ω − M

4
) Tr

(
ρ2

a

)
) = 1))½ö

(Tr
(
ρ2

a

)
· Tr

(
bρ
a

)
6= 0, 4ωTr(ρ

2

a
) + Tr2

(
bp
a

)
6= M Tr

(
ρ2

a

)
,

η̄
(

4ωTr
(
ρ2

a

)
+ Tr2

(
bρ
a

)
−M Tr

(
ρ2

a

))
= 1).

5P2. éu·K 2ü«�/e�è CD,�m ≥ 6�, CD ´4��5è.y²�{�5P 1�

�,ùp2ØKã.
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e¡�ÑO�ªÇ©ÙI��ü�Ún,Ù¥mþ�óê.

Ún9. [17] � t ∈ Fp, e N(t) = ]
{
x ∈ Fpm | Tr

(
x2

a

)
= t
}
. K

N(t) =

{
pm−1 + p−1

p
Gmη(a), t = 0,

pm−1 − 1
p
Gmη(a), t 6= 0.

Ún10. [17] � t ∈ Fp, � a, b ∈ F∗pm . N(0, t) = ]
{
x ∈ Fpm | Tr

(
x2

a

)
= 0,Tr

(
bx
a

)
= t
}

.

e t = 0, K

N(0, 0) =

{
pm−2 + p−1

p
Gmη(a), p |M,

pm−2, p -M.

e t 6= 0, K

N(t, 0) =

{
pm−2, p |M,

pm−2 + 1
p
Gmη(a), p -M.

nÜ±þ(Jw,��Xe½n.

½n2. � p�Û�ê, m�óê,½Â8X (2)ª¤«� ω − M
4

= 0.K (1)ª½Â�è CD �[
pm−1 + p−1

p
Gmη(a),m

]
�5è, Ù­þ©ÙXL 2¤«.

Table 2. The weight distribution of code CD in Theorem 2

L 2. ½n 2¥è CD �­þ©Ù

­þ ªê

0 1

(p− 1)pm−2 pm−2 − 1

(p− 1)pm−2 + p−1
p
Gmη(a) 2(pm−1 − pm−2) + 1

Gmη(a)
(pm − pm−1)

(p− 1)pm−2 + p−2
p
Gmη(a) (pm + pm−2 − 2pm−1)− 1

Gmη(a)
(pm − pm−1)

5P3. dL 2w,��,�m = 2�,­þ� (p− 1)pm−2 �èiÑy�gê� pm−2 − 1 = 0

g.d� CD ��­�5è.

e¡�~f�d Magma §S�y.

~3. �½Â8X (2)ª¤«,� p = 5, m = 4, a = 1, b = 2, ω = Tr(1). K CD � [105, 4] �

5è,Ù­þOêì� 1 + 24z100 + 180z80 + 420z85,�½n 2(Ø��.

~4. �½Â8X (2)ª¤«,� p = 7, m = 2, a = 2, b = 4, ω = Tr(2). K CD � [13, 2] �5

è,Ù­þOêì� 1 + 18z12 + 30z11,�½n 2(Ø��.

4. o(

�©í2
©z [15–17]¥�5è��E,Äu (2)ª�©m�ÛêÚm�óêü«�/é (1)

ª��5è?1ïÄ,�E
Aa#ëê� p��5è.è��Ý,�ê±9­þ©Ù�ëê�®k
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(JþØÓ.¿^Magma§S�y
(Ø��(5.��,ÏL Aschikhmin-Barg^�`²,�©�

E��5èõê�¹e´4��5è,�±^5�OäkûÐ�¯(�������Y. ω − M
4
6= 0

� CD �ªÇ©Ù3�a,��Öö.
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