is: channel? capacity channel.

__________________

k

2. k k n n users n j k j

k- cable k

maximum k independently T i , j t = (i , j (t)

d(t) = i − j . Let d^* = E[d(T T

k,n (T)

E_{k,n} (T) ≤ d^* kn

* (t) k is k n − R d^* as R kn d^*

B B R R + B

kn d^*

E_{k,n} (T) ≤ kn d^*

R + B = d^* kn + R 1 d^* knB .

Letting R gives

E_{k,n} (T) ≤ d^* kn ,

T E m 1 i =1Σ m d(t_i )

→ d^*

as m

U.

p = n(n −

2 for 1 ≤ ≤ n.

k k k-cable k

k,n (U) E_{k,n} (U) ≤ 3 i − j n n + /3. T in which d^*

configuration n

k-realizable k

k

k

k n k ≥ k

k k 2 k

k,n E_{k,n k}n

α_k

α_k = 2θ_1^{(k+} + 2 θ_1^{(k+} ,

and θ_1^{(k)} th_k(x) α_k satisfy

α_k = 2 1 1 − 2 k 1 + O(k_{− 5/6} )

α_k are α_1 = 4 1 , α_2 = 2 1 1 + 3 3

α_3 = 2 1 1 + 3 + 6

3 + 6 .

Numerically α_2 = α_3 = H_k(x

n α_k n

α_k → 2 1 as

k k essentially

E_{k,n k}n

n k and n n

n^{− 1} E_{k,n}

T_n on n users k T_n

p = n users n ) .

d^* <∼ α_k k

as n k

B B .

k

β_kn for β_k T_n i to j n the .

k k α_kn

k

k^k k j^{j k− j}

k

3. k

k S_n n involutions S_n with σ^2 = σ n S_n realizable k

Definition. Let S_{n i} (σ σ at i ≤ i ≤ n − c_i (σ ) = : j ≤ i ( j)

..., n c_i (σ between i and i +1.

Definition σ is k-realizable if c_i (σ ) ≤ k i.

k− realizable k-cable network. k

n n = 2N.

Definition. i_k(N k S_{2N} i_k = k ≥ i_0 (N) = N ≥ 1.

I_k(x) =_{N=0}Σ^∞ i_k(N)x^N ,

then

I_k(x) = 1 − 1 − 1 − ... 2x x 1

− 1− kx

(k− x

I_k(x) = Q_k(x)

R_k(x) ,

0 (x) = Q_1 (x) = 1− x, R_0 (x) = R_1 (x) = 1_k(x)_k(x)

recurrence

U_{k+1} (x) = U_k(x) − (k+ xU_{k− 1} (x k ≥ 1

N k ________________________________________

7

. i_k(N)

k Q_k(x) R_k(x)

− x 1 − 3x 1− 2x − 6x+3x^2 1− 5x − 10x+15x^2 1− 9x+8x^2 − 15x+45x^2 − 15x^3 1− 14x+33x^2

. Q_k(x R_k(x)

k S_n is

N=0Σ^[_{2N}^n^ik^{(N} k

E_k(n k S_n

E_{k,n} k k n

E_k(n k-admissible

involutions.

k(n)

S_n satisfies

n lim n E_k(n)_k ,

where

α_k =

2θ_1^{(k+} + 2 θ_1^{(k+} ,

and θ_1^{(k)}_k(x)

α_k = 2 1 − 2 k 1 + O(k_{− 5/6} .

α_k are α_1 = 4 1 , α_2 = 2 1 1+ 3

3 α_3 = 2 1 1+ 3+ 6

3+ 6 .

i_k(N k k ≥ N

i_k(N N− N−

i_k(N) = N− = 2^N.N!

N = 1.3.5.7..... N−

for k ≥ N k

1 − 1 − 1 − 1 − ... 3x 2x x 1 = n =0Σ ∞ N− x^N .

1 + 1 + 1 + ... 2x x 1 = 0 ∫ ∞ e^{− t − 2} x t^2

dt ,

x) ≥ 1/ x = 2z

n x x =

(−^n x^n 2^{− n}_0∫ ∞ t^{2n} e^{− t} dt

= (−^n x^n 2^{− n} n = (−^n . n n − x^n ,

S_{2N} v(σ

v(σ ) = (c_1 (σ c_2 (σ ...,c_{2N− 1} (σ . (4.1)

v = (c_1 ,...,c_{2N− 1} v(σ σ

(i) c_1 = c_{2N− 1} =

(ii) c_i ≥ ≤ i ≤ 2N−

(iii) c_{i +1} = c_i ± ≤ i ≤ 2N− 2 . (4.3c)

N c_{i +1} = c_i + i + j with j > i + c_{i +1} = c_i − j ≤ i i_ ≤ i ≤ 2N− c_{i +1} = c_i +1, i + j with j > i +1, j i + c_{i +1} = c_i − i + < i j c_i ≥ c_{i +1} ≥ N(v) =

ci +1 <cii

Π^ci^{(4.4)}

s_i c_0 = c_{2m} = c_i = s_1 +s_2 +...+s_i ≥

Definition. Let C_{k,t,N} N v = (c_1 ,...,c_{2N− 1}

c_i ≤ k, t distinct i, c_i = k, t = c_i = k− 1.

Let f_{k,t} (N C_{k,t,N}. f_{k,t} (N

≥ 0, f_{k,t} (N) =_{s≥1}Σ f_{k− s} (N− t)k^t t t +s − 1 . (4.6)

Proof. v f_{k,t} (N v run of r k i with c_i = c_{i +2} = ... = c_{i + r −} = k = i = 3, i = r_1 ,...,r v then r_1 + ... + r =

v* with = N− t c_i to c_{i + r −} c_i through c_{i +2r − 1} v* v* v t = v* v.

v* k− v* C_{k− s,N− t} s ≥ 1. v* C_{k− s,N− t} C_{k,t,N} s v* where c_i* = k−

r_i k C_{k,t,N}

r_1 +r_2 +...+r_s = (4.7) r_1 ,...,r_s s − 1 t +s − 1 .

v* C_{k− s,N− t}

N(v*) = ci +1∗ < ci∗ iΠ^ci^{* (4.8)}

v C_{k,t,N} v* then

N(v) =

ci +1 <cii

Π^ci^{= kt}_{ci +1∗ <ci∗}Π^ci^*

= k^tN(v*) .

v v* t k,k−

f_{k− s} (N− t C_{k− s,N− t} yield

k^t s − 1 t +s − 1 f_{k− s} (N− t)

C_{k,t,N}

s ≥ s ≥ N f_{k,s} (N) = 0.)

Note. s = t t − 1 = 0.

F_{k,t} (x) =_{N=0}Σ^∞ f_{k,t} (N)x^N

f = f_{k,t} =

f_{k+} (N) = i_k(N)− i_{k− 1} (N

F_{k+} (x) = I_k(x)− I_{k− 1} (x) . (4.10)

F_{k,t} (x

F_{k,t} (x) = k^tx^t_{s =0}Σ^∞ t t +s − 1 F_{k− s} (x) . (4.11)

f_t (N

F_t (x) = x^t ≤ t . (4.12)

F_t (x) =

1− x x ( 1− x

2x )_t ≤ t .

F_{k,t} (x) = A_k(x)B_k(x)^t

where A_k(x B_k(x

A_kB_k^t = (kx)^t_{s =1}Σ^∞ t t +s − 1 A_{k− 1} B_{k− 1}^s = (kx)^tA_{k− 1} B_{k− 1} − B_{k− 1} )^{− t − 1} . (4.14)

A_k(x), B_k(x

A_k(x) = A_{k− 1} (x) 1− B_{k− 1} (x)

B_{k− 1} (x)

B_k(x) =

1− B_{k− 1} (x) kx

A_1 (x) =

B_1 (x) = x

A_{k+1} (x) =_{i =1}Π^k 1− B_i (x)

B_i (x)

B_k(x) = 1 − 1 − ...

(k− x kx (4.20)

− 1− x 2x

B_{k+1} (x) = Q_k(x)

P_k(x)

where P_k(x), Q_k(x P_k = 0, Q_k =

Q_k(x)

P_k(x) = Q_{k− 1} (x)− P_{k− 1} (x)

(k+ xQ_{k− 1} (x) ,

P_k(x) = (k+ xQ_{k− 1} (x

Q_k(x) = Q_{k− 1} (x)− P_{k− 1} (x) . (4.23)

Q_k(x

Q_k(x) = Q_{k− 1} (x)− kxQ_{k− 2} (x

Q_{− 1} (x) = Q_0 (x) =

Q_k

B_k(x) = kx Q_{k− 1} (x)

Q_{k− 2} (x) . (4.26)

1− B_k(x) = Q_{k− 1} (x)

Q_k(x) ,

1− B_k(x)

B_k(x)

= kx

Q_k(x)

Q_{k− 2} (x) . (4.27)

A_{k+1} (x) = k!x^k Q_k(x)Q_{k− 1} (x)

1 . (4.28)

R_k(x

R_0 (x) = R_1 (x) = k ≥

Q^0

R_0

Q_1

R_1 = 1 1 1− x 1 .

Q^{k− 1}

R_{k− 1}

Q_k

R_k = Q^{k− 2}

R_{k− 2}

Q_{k− 1}

R_{k− 1} 1 0 1 − kx .

Hence

Q^{k− 1}

R_{k− 1}

Q_k

R_k = 1 0 1 1 1 0 1 − x 1 0 1 − 2x ... 1 0 1 − kx . (4.29)

R_k(x)Q_{k− 1} (x)− R_{k− 1} (x)Q_k(x) = k!x^k . (4.30)

A_{k+1} (x) = Q_k(x)

R_k(x) − Q_{k− 1} (x)

R_{k− 1} (x)

. (4.31)

A_{k+1} (x) = F_{k+} (x) = I_k(x)− I_{k− 1} (x) . (4.32)

I_k(x A_m(x

I_k(x) = Q_k(x)

R_k(x) . (4.33)

Q_k(x)

R_k(x) = 1 − 1 − . .. 2x x 1 (4.34)

1 − 1− kx

(k− x .

Q_k(x

k(x) = 2 x k+1 H_{k+1} 2x 1 k (x)^{th}

Proof H_1 (x) = 2x, H_2 (x) = 4x^2 − k = H_{k+1} (x) = 2_k(x) − 2_{k− 1} (x

Q_k(x

Q_k(x

H_k(x

k(x) θ_1^{(k)}_k(x) satisfies

θ_1^{(k)} < k+^{1/2} − c_0 k+^{1/6}

with

c_0 = 3 6 1 i_o = ...

0 (x) θ_1^{(k)} = k+^{1/2} − (c_0 (k k+^{1/6} (5.3)

where ε(k) → 0 .

i_k(N N kfixed.

N lim N 1 i_k(N = θ_1^{(k+} 2 . (5.4)

Proof I_k(x

I_k(x) = d_0^{(k)} −_{i =1}Σ x_i^{(k)} c_i^{(k)} ϕ_i^{(k)}

where ϕ_i^{(k)} Q_k(x

ϕ_1^{(k)} N ≥

i_k(N) =_{i =1}Σ c_i^{(k)} ϕ_i^{(k)} − N . (5.6)

Note c_1^{(k)} ≠ Q_k(x), R_k(x =

N lim N 1 i_k(N log ϕ_{1(k)} .

2ϕ_1^{(k)}

1_{1(k+} ,

[ϕ_1^{(k)} ]^{− 1} = 2 θ_1^{(k+} 2

n T_k(n k n

T_k(n) =_{N=0}Σ^[ 2N n i_k(N

2N n N i_k(N

T_k(n) =_{N=0}Σ^[ 2N n c_1^{(k)} 2^N θ_1^{(k+} 2N

+ O N^{=0}Σ [ 2N n 2^N θ_2^{(k+} 2N

O k N=0Σ^[_{2N}^n^{xN =}_2^1 + x)^n + − x)^n

T_k(n) = 2 1 c_{1(k)} + 2 θ_{1(k+} )_n + O(ϕ_n

where 1 − 2 θ_1^{(k+} + 2 θ_2^{(k+} + 2 θ_1^{(k+} .

U_k(n) =_{N=0}Σ^[ N 2N n i_k(N) . (6.5)

U_k(n) =_{N=0}Σ^[ N 2N n c_1^{(k)} 2^N θ_1^{(k+} 2N + O(nϕ^n

and N=0Σ^{[ N}_{2N}^n^{xN =}_2^{1 x}_{dx}^d + x)^n + − x)^n = 4 1 n x + x)_{n − 1} + O(n x 1− x^{n − 1} ) .

Hence

U_k(n) = 4 1 nc_{1(k)} 2 θ_{1(k+} + 2 θ_{1(k+} )_{n − 1} + O(nϕ_n ) . (6.6)

Now

E_k(n) =

T_k(n)

U_k(n) .

N lim n E_k(n) = 2 1 1 + 2 θ_1^{(k+}

2 θ_1^{(k+} . (6.7)

θ_1^{(k+} α_k follows.

Remarks.

Q_1 (x) = 1− x, ϕ_1 = ϕ_1 )^{− 1/2} =

Q_2 (x) = 1− 3x, ϕ_1 = 1/ ϕ_1 )^{− 1/2} =

Q_3 (x) = 1− 6x+3x^2 , ϕ_1 = 1 − 3 6 ϕ_1 )_{− 1/2} = 3+

i) α_1 = 4 1 E_1 (n) = 4 1 n n).

ii) α_2 = 2 1 1 + 3 3 .

iii) α_3 = 2 1 1+ 3+ 6

3+ 6 .

T_k(n U_k(n E_k(n k

REFERENCES

32

62 ,

ABSTRACT

n k

k k

α_k n α_k k /4_k < 1/ α_k / k

____________