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Abstract: In this paper, we discuss a kind of Hermitian inner product — symplectic

inner product, which is different from the original inner product — Euclidean inner

product. According to the definition of symplectic inner product, the codes under

the symplectic inner product have better properties than those under the general

Hermitian inner product. Here we present the necessary and sufficient condition for

judging whether a linear code C over Fp with a generator matrix in the standard

form is a symplectic self-dual code. In addition, we give a method for constructing a

new symplectic self-dual codes over Fp, which is simpler than others.
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1 Introduction

Let Fp be a field, where p is a prime number. Self-dual codes over Fp are an important

class of linear codes, as described in [1]. Kim and Lee[2] have discussed self-dual codes under

Euclidean inner product or Hermitian inner product.

Now, we give a brief introduction to several basic definitions and facts in coding theory.

A linear [n, k] code C over Fp is a k-dimensional vector subspace of Fn
p . The element c of

C is called codeword. The value n is called the length of C.

There are two normal inner products – Euclidean and Hermitian inner products. For

two vectors x = (x1, · · · , xn), y = (y1, · · · , yn) ∈ Fn
p , the Euclidean inner product over finite

field Fp is defined as

x · y = x1y1 + · · ·+ xnyn.
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When p is an even power of any prime, we can also consider the Hermitian inner product

which is defined as

x ∗ y = x1y1 + · · ·+ xnyn,

where yi = yi
√
p.

The Euclidean dual code C⊥E of C is defined as

C⊥E = {x ∈ Fn
p | x · y = 0 for all y ∈ C}.

Similarly the Hermitian dual code C⊥H is defined as

C⊥H = {x ∈ Fn
p | x ∗ y = 0 for all y ∈ C}.

If C ⊆ C⊥E (resp. C⊥H), then C is called a Euclidean (resp. Hermitian) self-orthogonal

code. If C = C⊥E (resp. C⊥H), then C is called a Euclidean (resp. Hermitian) self-dual

code.

We know that

Sp2n =

{
A ∈ GL2n(Fp) | A

(
0 In

−In 0

)
A⊥ =

(
0 In

−In 0

)}

is the symplectic group with respect to

(
0 In

−In 0

)
over Fp, and the element in Sp2n is

called symplectic matrix. Let us define a new inner product.

Definition 1.1 Let C be a code over Fp. The lengths of the codewords are all 2n. For

two codewords x = (x1, · · · , x2n), y = (y1, · · · , y2n) ∈ C, we define the symplectic inner

product of x,y as follows:

x • y = x

(
0 In

−In 0

)
yT = −xn+1y1 − · · · − x2nyn + x1yn+1 + · · ·+ xny2n,

where yT denotes transposed vector of y and In is the identity matrix of order n.

Remark 1.1 The length of any codeword x ∈ C is 2n, since we discuss the self-dual code

under symplectic inner product.

Definition 1.2 The symplectic dual code C⊥S of C is defined as

C⊥S = { x ∈ F 2n
p | x • y = 0 for all y ∈ C }.

If C ⊆ C⊥S , then C is called a symplectic self-orthogonal code. If C = C⊥S , then C is

called a symplectic self-dual code. The necessary condition for C to be a symplectic self-dual

code is that k = n (i.e., C is a linear [2n, n] code).

In this paper, we consider the linear [2n, n] code over Fp with a generator matrix in the

standard form: G =
(
In A

)
, where A is an n× n matrix over Fp.

Now we give several basic definitions (see [3]). The matrix A is called a circulant matrix,

if

A =


a1 a2 a3 · · · an
an a1 a2 · · · an−1

an−1 an a1 · · · an−2

...
...

...
...

a2 a3 a4 · · · a1

 .


