ABSTRACT

Z_4 + −

n ≤ type ±1^4 0^{n − 4}.

Z_4

Z_4 + − Z_4.

# over Z_4

$_{2m}, $_{2m}^O , $_{2m}^+ , $_{2m}^⊕ m= ... %_7 , %_7^+ , %_8 . (1)

$_4^O > $_4^+

Z_4 # n n − # i Z_4 # i-th # i # i

__________________

Z_4 n ≤ n ≤ Z_4 n ≤ 9.

# n # G swe !_1^1 +c $_4^{⊕ 1}2^2 2^3 . +6c^2 +8b^4 +c^4 $_6^{⊕ 2}2^2 2^6 . +3c^2 +8c^3 +12b^4 +3c^4 + %_7^{+ 3}2^1 2 . +7c^3 +14b^4 +7c^4 + $_8^{⊕ 3}2^2 2^8 . +4c^2 +16b^4 +22c^4 + %_8^4 8 . 2 . +16b^4 +14c^4 +48b^4 c + __8^12^6 2^7 . +28c^2 +70c^4 +28c^6 + __8′^22^4 2^{7 2} 1+12c^2 +38c^4 +64b^4 c + 2_8^4 +14c^4 +112b^4 c +112b^4 c^3 + 4_8^32^2 2^8 . +4c^2 +22c^4 +96b^4 c +

Z_4

Z_4

Z_4Z_4 # Z_4^n Z_4^n by x . y=x_1 y_1 + +x_n y_n dual #^∗ ), self-orthogonal # ⊆ #^∗ self-dual # =#^∗ + − equivalent (denoted > permutation-equivalent # # # g. #

0 I_{k1} 2I_{k2} A 2C B (2)

where A, B Z_4 and C

k_1

2^{k2 2k1 +k2} # 4^{k1} 2^{k2} .

#^∗

2A^{tr}

− B^{tr} − C^{tr}A^{tr} 2I_{k2}

C^{tr} 0 I_{n − k1 − k2} (3)

and #^∗ 4^{n − k1 − k2} 2^{k2} .

Suppose L (resp. L^∗ C (resp. C^∗ Lare 4^{k1} 2^{k2} 1^{n − k1 − k2} L^∗ 4^{n − k1 − k2} 2^{k2} 1^{k1} .

Let β Z_4 to Z_2

Z_2 γ γ =0, γ =1. # , # # :

# = {β(u u∈ # # = {γ(u u∈ # , β(u)= .

# n, k_1 # [I_{k1} β(A) β(B

while # ⊇ # n, k_1 +k_2

0 I_{k1}

I_{k2} β(A) C β(B) . (5)

If # # # ⊆ # ⊆ #^∗ # # =#^∗

If ! , @ ! ⊆ @ # over Z_4 with # =! , # =@. ! @ ⊆ !^∗ # over Z_4 with # =! , # =@ @=!^∗ then # Proof. ! =k_1 B=k_1 +k_2 ! , @ have

[ 0 I I X Z Y

0 I 2I X 2Z Y (6)

# with # =! , # =@ # j,i i and j ≤ i ≤ k_1 ≤ j ≤ k_1 +k_2, i < j.

orthogonal dual codes over Z_4

&_{24} over Z_4 &_{24} =&_{24}

The # is

cwe_# (a,b,c,d) =_{u∈ #}Σ a^{n0 (u)} b^{n1 (u)} c^{n2 (u)} d^{n3 (u)}

where n_i (u u i

symmetrized b and d

swe_# (a,b,c) = cwe_# (a,b,c,b) . (9)

W(Z_1 , Z_2 , Z_4 enumerator of # is

W_# (a,b) = cwe_# (a,b,b,b) . (10)

a =1.

# over Z_4 N =0, N(± =1, N = # x,x^4 # =2_8 A_3-norm of # N =0, N(± =3/4, N = # x^{3/4} ,x).

cwe_# ∗ (a,b,c,d) = # 1 cwe_# (a +b +c +d, a +ib − c − id, a − b +c − d, a − ib − c +id

swe_# ∗ (a,b,c) = # 1 swe_# (a +2b +c, a − c, a − 2b +c

W_# ∗ (a,b) = # 1 W_# (a +3b, a − b) . (13)

a _ = 2 a +c , b_ = 2 b +d , c_ = 2 a − c , d_ = 2 b − d . (14)

____# # a _ , b _ , c _ , d _

cwe ____{# ∗} (a _ ,b _ ,c _ ,d _ ) = # 2^n cwe____# (a_,c_,b_,id_) . (15)

Z_4

C[θ_1 ,θ_{4a} ,θ_{4b} ,θ_8 ]_{10} C[θ_1 ,θ_{4a} ,θ_{4b} ,θ_8

where

θ_1 = a _ , θ_{4a} = (b

__4 +c _4 θ_{4b} = d

__4 , θ_8 = b

__4 c _4 , θ_{10} = (b _ c _ d _ )^2 (b

__4 − c _4 ) . (17)

4 )^{2 8} )

1^{10} . (18)

Z_4

R_8 R_8^2 R_{16} R_8 σ_{16} R_8^2 σ_{16} R (19)

where R a _4 , b __4 , c _4 , d __4

σ_8 = a _4 d __4 + b __4 c _4 , σ_{16} = (a _ b _ c _ d _ )^2 (a _4 b __4 +c _4 d __4 − a _4 c _4 − b __4 d __4 ) . (20)

4 8 12 16 )

8 16 16 )

. (21)

Z_4

C[ã, b̃^4 +c̃^4 , b̃^4 c̃^4

where ã = 2 a +c , b̃ = 2 b, c̃ = 2 a − c . (23)

4 8 )

1 . (24)

ϕ_1 = a +c ,

ϕ_4 = 2b^4 − ac(a^2 +c^2

ϕ_8 = b^4 (a − c)^4 .

n over Z_4 ±1^n S ⊕ b̃^4 c̃^4 S ⊕ b̃^8 c̃^8 S where S ã^4, b̃^4, c̃^4

4 8 12 )

1^{8 16} . (27)

S Φ_4 = a^4 +6a^2 c^2 +8b^4 +c^4 , Φ_8 = (a^2 c^2 − b^4 a^2 +c^2 )^2 − 4b^4 Φ_{12} = b^4 (a^2 − c^2 )^4 , S_8 S_8^2 S Ψ_8 = b^4 (a − c)^4 with

Ψ_8^3_8^2 1 16 1 Φ_42_8 2− 8 1 Ψ_8 Φ_4 Φ_{12} + 16 1 Φ_{12}2 . (30)

Z_4 C[w_1 ,w_4 ] ⊕ w_8 C[w_1 ,w_4 where w_1 = a +b , w_4 = ab(a^2 +b^2 )− 2b^4 w_8 = b^4 (a − b)^4 , and w_8^2 = w_8 (w_1^8 − 4w_1^4 w_4 +2w_4^2 ) − w_4 . (33)

4 ) 1^8 . (34)

n over Z_4 ±1^n C[W_4 ,W_8 ] ⊕ X_8 C[W_4 ,W_8 ] ⊕ X_{12} C[W_4 ,W_8 ] ⊕ X_8 X_{12} C[W_4 ,W_8 where

W_4 = (a^2 +3b^2 )^2 , W_8 = b^4 (a − b)^4 , (36) X_8 = b^2 (a^2 − b^2 )^2 (a^2 +3b^2 X_{12} = b^4 (a^2 − b^2 )^4 , with X_8^2 = W_4 X_{12} , X_{12}^2 = 2X_{12} W_4 W_8 + W_8^2 X_8 − W_4^2 ) + 16W_8^3 . (37)

4 8 )

8 12 )

. (38)

4 !_1, $_4^⊕ 2_8 (41); #_{10} (45). 5 __4, __8, __{12}, __{16} (43); 2_8 (41), #_{16} (46). 6 !_1, $_4^⊕ , 2_8. 7 __4, __8, __{12}; 2_8. 8 !_1, $_4^⊕ ; 2_8. 9 __4, 2_8; __8, __{12}.

Z_4Z_4 !_1 = a +c and g !_1 ) # )). #^10^{n − 1} then # > !_1 ⊕ # ′ ±1^40^{n − 4} t

# d_{2m} of

$_{2m} (m ≥ ...0, 0011130... ... ...01113; $_{2m} 4^{m− 1}, g = 2 . m=^2 . 2^m (m > t = m− $_{2m}^∗ /$_{2m}^2 v_1 = 0101...01, v_2 = 00...0011.

$_{2m}^O (m ≥ $_{2m} ... ...20); $_{2m}^O 4^{m− 1}2, g = 2^2 . m= . 2^{m− 1} . 2m (m > t =2m $_{2m}^O )^∗ /$_{2m}^O v_1 (if m v_1 v_2 (if m $_{2m}^+ (m ≥ $_4^+ > $_4^O $_{2m} v_2; $_{2m}^+ 4^{m− 1}2, g = 2^m . 2^{m+1}, t = m− $_{2m}^+ )^∗ /$_{2m}^+ v_1 and v_2.

$_{2m}^⊕ (m ≥ $_{2m}^O and $_{2m}^+ ; $_{2m}^⊕ 4^{m− 1}2^2, g = 2^3 . m= m . 2^m . 2m (m > t =4m

$_4^⊕

0 0 1 0 2 1 2 0 1 2 2 1 0 0 1 0 2 3 2 0 3 2 2 3 . (39)

$_4^⊕ = a^4 +6a^2 c^2 +c^4 +8b^4.

%_7 %_7 4^3, g = 2 . t =8. %_7^∗ /%_7

%_7^+ %_7 %_7^+ 4^32, g = 2 . 168, t = = a^7 +c^7 +14b^4 (a^3 +c^3 ) +7a^3 c^3 (a +c)+42ab^4 c(a +c both %_7 and %_7^+ # e_7.

%_8 u, u∈ %_7

0 0 0 1

0 0 1 0

0 1 0 0

1 0 0 0

3 3 3 0

1 3 0 1

3 0 1 1

0 1 3 1

%_8 4^4, g = 8 . 2 . = 384, t = = a^8 +16b^8 +c^8 +16b^4 (a^4 +c^4 )+14a^4 c^4 + 48ab^4 c(a^2 +c^2 ) +96a^2 b^4 c^2.

The octacode 2_8

0 0 0 1

0 0 1 0

0 1 0 0

1 0 0 0

3 3 3 2

1 3 2 1

3 2 1 1

2 1 3 1

2_8 4^4, g = 1344, t = = a^8 +16b^8 +c^8 +14a^4 c^4 +112ab^4 c(a^2 +c^2 %_8 and 2_8 the # e_8.

H_n order n ≡ H_n = I_n +S_n, S_n S_n^{tr}, S_n S_n^{tr} = (n − I_n I_nS_n I_nS_n +2I_n

n n = ...

4_8 4_8

00 02 11 00 00

00 02 02 02 11

00 02 00 13 02

22 02 13 11 13 ;

4_8 4^32^2, g = 2^8 . = 6144, t = = a^8 +32b^8 +c^8 +4a^2 c^2 (a^4 +c^4 )+22a^4 c^4 + 96ab^4 c(a^2 +c^2 ).

__{4m} (m ≥ __4 > $_4^⊕ matrix

0 . 0 0 1

0 . 0 2 1

0 . 2 0 1

2 . 0 0 1

2 . 2 2 1

__{4m} 4^12^{4m− 2}, g = 2^{4m− 1} m = 2^{2m− 1} (a _4m +b __{4m} +c _4m +d __{4m}

G with k m_1 , ..., m_k A=(a n =4m_1 + +4m_k

v_i = v_{i1} v_{ik} ≤ i ≤ k

where v_{ii} = 1^{4mi} , v = 0^{4mj} if a = v = 0^{4mj − 1} a = k __{4m} G G __8′ with

0 0 0 0 0 1

0 0 0 2 0 1

0 0 2 0 0 1

0 0 2 2 2 1

0 0 0 0 1 0

0 2 0 0 1 0

2 0 0 0 1 0

2 2 0 0 1 2

__8′ 4^22^4, g = 2 . 2^6 .^2 = 73728, t = = a^8 +64b^8 +c^8 +12a^2 c^2 (a^4 +c^4 )+38a^4 c^4 + 64ab^4 c(a^2 +c^2 ).

#_{10}

0 0 0 0 0 0 0 1

0 0 0 0 0 0 1 0

0 0 0 0 0 2 0 1

0 0 0 0 2 0 0 1

0 0 0 2 0 0 0 1

0 0 2 0 0 0 0 1

0 2 0 0 0 0 3 1

2 0 0 0 0 0 3 0

2 2 0 0 0 0 1 1

2 0 2 2 2 2 0 1

and #_{10} 4^22^6 d_4^⊕ and d_6^⊕ .

Let A v,k,λ λ k A # v with # = 〈#^{∗ v}〉 〈#^{∗ v}〉 # $_{v+1}^{v+1}.

H_n n ≡ $_n n. $_n^n H_n by replacing + −

$_{16} $_{16} σ_{16} code $_{16} #_{16}

0 0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0 0 0

0 0 0 2 0 0 0 1 1 1

0 0 2 0 0 1 1 0 0 1

0 2 0 0 0 1 1 0 0 1

2 0 0 0 0 1 1 0 1 0

0 0 0 0 0 0 3 0 3 3

0 0 0 2 3 0 0 2 3 3

0 0 0 0 2 1 2 2 1 1

2 2 2 2 0 1 3 0 1 0

0 2 2 0 1 1 3 3 2 3

0 2 2 2 1 1 1 3 3 2

σ_{16}.

swe_{_ 4 4} ,

swe_{_ 8 8} + 16Φ_4^2 ,

swe_{_ 12} = 24Φ_{12} + 48Φ_4 Φ_{8 4}^3 ,

swe_{2 8} 28Ψ_8 − 12Φ_{8 4}^2 .

# n ≥ # # Z_4 #^∗ = # !_1 #

# = d_4 =^{4 4} # > $_4^⊕ > __4 dim # = # > __n.

# ≥ 2, # d_6, e_7, d_4^2, d_8 or e_8 # . Z_4 GF GF (9.1.3)]), GF GF

Acknowledgements

__________________

REFERENCES

18 9 20 29 95

380 [14]. 28 GF GF 25

381 1988. 36

Math., 49 53 GF 32 18

7 32 767. 84 35 12 292 Z_m 28

Z_4

$_4^O > $_4^+ ⊕ ∞ ’’.)

n ≤

!_1