*

and

ABSTRACT n- x1 ^σ + + xn ^σ ≤ . Δ_2 n + o n n = p^σ (p GF(p 2 + o c = 1 + 2 e^{− 2π2} log_2 e + = c = 3, c =

The n S_{n , σ} =

(x_1 x_n ) ∈ R^n : j=1Σ^n ^xj^{σ ≤ 1} S_σ for σ ∼

S_{n , σ} Δsatisfying log_2 n + o n (1)

finite n = p^σ over GF(p p

S_{n , σ} with density Δsatisfying log_2 c_σ n + O_2 n as n c_1 =

c_2 =

c_3 =

c_4 =

c_5 =

c_σ

c_1 = log_2 + 2

c_2 = log_2 π e 2 r θ_2 (r) ,

= 1 +_2 e) e^{2 π2} 2 − e^{4 π2}

24 π^4 + 2 +

where

θ_σ (x) = m Σ^{∞ xmσ} and

r = e 1 1 + e^{2 π2}

4 π^2 − e^{4 π2}

64 π^6 − 48 π^4 + 8 π^2 +

=

r θ_2 ′(r)_2 (r < r < c_σ = log_2 ln r 1 1/σ Γ + σ 1 ) θ_σ (r)

where r

σ ln r 1 = r θ_σ ′(r) θ_σ (r) < r < 1 . (8)

Remarks.

2 cn + o < c <

S_{n , σ} satisfy

log_2 n + o

log_2 n + o and

log_2 σ n + log_2 ( σ n + 3 .

(For

GF(p

α GF(p p Z

− 2 p − 1 2 p − 1 .

αmaps GF(p { p − /2 } the norm u = (u_1 u_n ) ∈ GF(p)^n u_σ = u_1 ^σ + + u_n ^σ , for 0^0 = 0. u_0 u and u_1 n, k, w, p, σ C k GF(p)^n such that c_σ ≥ w c ≠ C

n , w ≥ k ,

k < n +1 − log_p 2 p − 1 B_{n , p} (w− (9)

B_{n , p} (i

i =0Σ ∞ B_{n , p} (i) x^i = 1 − x θ̂_σ (x)^n

θ̂_σ (x) =

m (p − /2Σ

(p − /2 x^{mσ}

< x < n, k, w, p, σ

Proof B_{n , p} (i i u ∈ GF(p)^n ball around u

V_{n, p, i} (u) = v ∈ GF(p)^n : u − v_σ ≤ i .

A GF(p)^n balls

T_{n, p, i} = card v ∈ GF(p)^n : v_σ = i ,

u ∈ GF(p)^n,

card V_{n, p, i} (u) =

j=0Σ^{i T}n, p, j^.

T_{p, i} by

i =0Σ ∞ T_{p, i} x^i ^_σ (x

i =0Σ ∞ T_{n, p, i} x^i ^_σ (x)^n ,

i =0Σ ∞ card V_{n, p, i} (u) . x^i = 1 − x 1 θ̂_σ (x)^n

< x < u ∈ GF(p)^n

B_{n , p} (i) = card V_{n, p, i} (u) . (13)

k k =

code C_i n, i, w, p, σ k = i +

2 p − 1

B_{n , p} (w− p^i < p^n . (14)

n, i + w, p, σ C_{i +1}

have

card GF(p)^n > 2 p − 1 B_{n , p} (w− p_i

= 2 p − 1 card V_{n, p, w− 1} . card C_i

≥ 2 p − 1

card

∪^Vn, p, w− 1^{(c c ∈ C}i = 2 p − 1 card V_{n, p, w− 1} (C_i )

≥ card α u 2 p − 1 , u ∈ V_{n, p, w− 1} (C_i )

= card α u: GF(p u ∈ V_{n, p, w− 1} (C_i )

= card

GF(p) . V_{n, p, w− 1} (C_i ) .

u ≠ GF(p)^n

u /∈ GF(p) . V_{n, p, w− 1} (C_i ) . (15) Let C_{i +1} n, i + w′, p, σ u and C_i that w′≥ w y ∈ C_{i +1}, y ≠ y u + c, GF(p), c ∈ C_i y_σ ≥ w y_σ < w

y u + c ∈ V_{n, p, w− 1} α u ∈ V_{n, p, w− 1} (− c) ⊆ V_{n, p, w− 1} (C_i u^{− 1} V_{n, p, w− 1} (C_i ) ⊆ GF(p) . V_{n, p, w− 1} (C_i

Remark N_m norm m n, k, w, p, σ

C Σ_m^Nm^{xm C}

x_i by x^{iσ} for i = p − /

C^⊥ weight wof C.

C [n, k, w, p, σ Λ(C u ∈ Z^n u p) ∈ C Λ(C

det Λ(C) = p^{n − k)} ,

Σ ^uj^{σ for u = (u}1^un^{) (C), u ≠}

min^σ ,

Thus Λ(C μ^{1/σ} . S_{n , σ} 1⁄2μ^{1/σ} . S_{n , σ} Λ(C

det Λ(C)

S_{n , σ} (^1⁄2μ^{1/σ} )^n _______________

where

S_{n , σ} = Γ + σ n ) 2^n Γ + σ 1 )_n (17)

S_{n , σ} Once n and w k

take n = p^σ w

n = p^σ w ≤ n that w_{MH}

2^{n − 1} ζ(n)

for ζ version

e − e^{− n n − 1} n ζ (n)

for

n = p^σ w = [ n n, k, w, p, σ p a ≥ a 3),

A_n (m

m=0Σ^{∞ A}n^{(m) xm =}_{1 − x}^{θσ (x)} n < x < 1 .

a > 0,

A_n a n = n c_1 (a) C_2 F(a)^n

1 + O n 1 (19)

as n c_1 (a n ≤ C_2 ≤ r^{− 1},

F(a) = r^1 θ_σ (r)

and r

θ_σ ′(r)_σ (r < r < 1 . (21)

Proof m = [

A_n (m) = 2 π i 1 z = t ∫_{− z)zm+1}

θ_σ (z)^n dz ,

< t < g(z)e^{nh(z)}

h(z) = ln θ_σ (z) − a 1 ln

z = r where h′(r) = a 0 < a < 2^σ . (22) For n = p^σ and w = [ ], B_{n , p} (w) = A_n (w + o as n . Proof. E_w = A_n (w) − B_{n , p} (w) > x^w in

1 − x 1 θ^σ (x)^n

^_σ (x)n = 2 m = (p + /2Σ ∞ x^{mσ} . s =0Σ n − 1

θ_σ (x)^{n − 1− s} θ̂_σ (x)^s / − x) .

n E_w x^w′in

− x)^2

2n θ_σ (x)^{n − 1} , where

w′^{= w −} 2 p +1 σ >

E_w ≤ c_2 (a′) C_2 (a′)^n

1 + O n 1 where a′= ′> a

da dF = a^2 r^1 θ_σ (r) ln r <

E_w = o(A_n (w n

a ≥

log_2 S_{n , σ} σ n log_2

e σ 2^σ n Γ 1 + σ 1 + O_2 n

log_2 B_{n , p} (w− = n log_2 r^1 θ_σ (r)

+ O_2 n

r n, k, w, p, σ ]

n = p^σ , w = [

k = n − log_2 n σ n ______ log_2

r^1 θ_σ (r)

+ O . (26)

Δsatisfying

log_2 n log_2 Γ + σ 1 ) (e σ )^{− 1/σ}

r^1 a^{1/σ} θ_σ (r) + O_2 n) . (27)

a

f(a) = r^1 a^{1/σ} θ_σ (r) , a ≥ 1 . (28)

f ′^{(a) =}_{da}^{df =}_a^{f(a)} σ 1 − a 1 ln r 1 . (29)

Case θ_1 (x) = + x)/ − x), r = a^2 + 1 − a ≥ a ≥ taking a = r = 2 − 1, θ_1 (r) = 2 +

log_2 n log_2 e 3 + 2 2 + O_2 n

1.

Case r = r(a

a for a ≥ a(r)_2 (r) / r θ_2 ′(r r

dr da = r^2 θ_2 ′(r)^2 r θ_2 ′(r)^2_2 (r) θ_2 ′(r) − r θ_2 (r) θ_2 (r) ,

− 2 m=1Σ^{∞ m4 r m2 − 1 − 4}_{m=1}Σ^∞_{i = m+1}Σ^{∞ (m2 − i2 )2 r m2 + i2 − 1 ,}

r → r = e^{− t} (t >

m Σ^{∞ e− 2 =} √_t^π_m Σ^{∞ e 2 m2 . (30)}

r → 1, a → f = 2 π e , f ′ = f ′(a) ≥ a ≥ r(a f(a a ≥ f(a f ′

a = r r = e^{− 1} t = 1

m Σ^{∞ −}_2^{u 2 m2 u2 ) e 2 m2 u = 0 . (31)}

θ_2 (r) = 2 π + e^{2 π2}

4 π^2 + 2 − e^{4 π2}

64 π^6 − 24 π^4 _____________ +

e^{2 π2} = . 10^8 , r, θ_2 (r c_2 / e, 2 π r and c_2

Case 3, f(a a ≥

f ′^{(a) = a}

a , r c_σ log_2 c_σ n + O_2 n For σ n

ln r 1 = σ ) + σ ) +

a log_2 σ ) +

log_2 σ n σ +

Acknowledgement n, k, w, p, σ density Δ R^n density Δ_{MH}

σ log_2 Δ log_2 Δ_{MH} − 1.000 − 1.734 − 6.684 − 5.988 − 19.725 − 16.000 − 33.396 − 30.000 − 143.078 − 126.000

− 5.947 − 6.270 − 23.613 − 20.799 − 47.511 − 43.828 − 121.137 − 114.524 − 167.979 − 162.042

− 18.123 − 26.000 − 100.034 − 124.000

− 49.836 − 80.000 σ_σ r(a f(a ≤ a ≤ 6.

References

appear.

space 14 14

IT-4

Math. 23

40 ,

Math. 30 48

34

9 (1982), 153-185.