*

ABSTRACT

m m decomposition.

S_0 ,S_1 ,...,S_{n − 1}

k

m m is m

m m

m

m O(n^2 ) n modulo p p^e e.

R denote R S_0 ,S_1 ,...,S_{n − 1}, S_i ∈ R , , , , a_0 = 1, a_1 ,...,a_, ∈ R

i =0Σ , a_i S_{j− i} = j = , ,...,n − 1 . (1)

R[x a(x) = a_0 +a_1 x+...+a_, x^, , S(x) = S_0 +S_1 x+...+S_{n − 1} x^{n − 1} to a =

S(x)a(x) ≡ b(x x^n (2)

b(x) ∈ R[x ≤ , − , ≥ max{deg a(x +deg b(x)} , = max{deg a(x +deg b(x)} A = (a(x b(x L(A) = max{deg a(x +deg b(x)} .

R Z_m = Z Z m m ≥

S_0 ,...,S_{n − 1} S_i ∈ Z_m A = (a(x b(x , = L(A m = iΠ^pi^{ei , e}i^≥

the p_i i

a^{(i)} (x b^{(i)} (x ,_i S_0 ,...,S_{n − 1} modulo p_i^{ei} a(x b(x a(x) ≡ a^{(i)} (x b(x) ≡ b^{(i)} (x p_i^{ei} ) i , = max{,_i } a(x b(x S_0 ,...,S_{n − 1} modulo m.

Given S_0 ,S_1 ,...,S_{n − 1} ∈ R R = Z_pe , p = prime, e ≥ A = (a(x b(x , = L(A

...,e − A_η = (a_η (x b_η (x

a^η = p^η ,

S(x)a_η (x) ≡ b_η (x x^n (3) and L(A_η ) = ,_η ≤ k ≤ n e pairs A_η^{(k)} = (a_η^{(k)} (x b_η^{(k)} (x satisfying

a^{η(k)} = p^η

S(x)a_η^{(k)} (x) ≡ b_η^{(k)} (x x^k

L(A_η^{(k)} p^{uηk} ≤ u_{ηk} ≤ e p x^k in S(x)a_η^{(k)} (x) − b_η^{(k)} (x) .

u_{ηk} = e ≤ r < k:

(P_r ≤ g < e L(A_g^{(r +} ) = L(A_g^{(r)} h = f(g,r g + u_{hr} < e

L(A_g^{(r +} ) = r +1 − L(A_h^{(r)}

L(A_g^{(r +} > L(A_g^{(r)} ) . (7)

A_η^{(k+} and f(η,k e P_k quantities L(A_η^{(k)} L(A_1^{(k)} ) ≤ L(A_η^{(k)} ) ≤ L(A_η^{(k+} ) . (8)

Given S_0 ,S_1 ,...,S_{n − 1} S_i ∈ R = Z_pe A = (a(x b(x S(x)a(x) ≡ b(x x^n ), a = , = L(A) = max{deg a(x + deg b(x)} k = ...,e − a_η (x) = p^η , a_η (x) = p^η , b_η (x) = p^η S_0 , b_η (x) =

and A_η^{(i)} = (a_η^{(i)} (x b_η^{(i)} (x i = S_0 p^ε for e (if S_0 = e L(A_η ) = L(A_η ) = e or = 0 if e

θ_{η0} = θ_{η0} , u_{η0} = e, u_{η0} , if e if e,

f(η = η. k = ...,n − 1.

A_η^{(k+} ...,e − θ_{ηk} ∈ ≤ u_{ηk} ≤ e by S(x)a_η^{(k)} (x) ≡ b_η^{(k)} (x)_{ηk}p^{uηk} x^k x^{k+1} ) . (9) (θ_{ηk}p^{uηk}

If u_{ηk} = e set A_η^{(k+} = A_η^{(k)}. If u_{ηk} < e define g = e − 1− u_{ηk} ≤ g < e f(η,k) = g (11)

If L(A_g^{(k)} ) =

A_η^{(k+} = A_η^{(k)} + θ_{ηk}p^{uηk} x^k If L(A_g^{(k)} ) > ≤ r < k L(A_g^{(r)} ) < L(A_g^{(r +} ) = L(A_g^{(k)} ) . (13) r L(A_g L(A_g ... .

L(A_g^{(k)} ) = L(A_g^{(r +} ) = r +1− L(A_h^{(r)} where h = f(g,r g +u_{hr} < (15) u_{hr} ≤ u_{ηk} p p a_η^{(k+} (x) = a_η^{(k)} (x)_{ηk}θ_{hr}^{− 1} p^{uηk − uhr} x^{k− r}a_h^{(r)} (x b_η^{(k+} (x) = b_η^{(k)} (x)_{ηk}θ_{hr}^{− 1} p^{uηk − uhr} x^{k− r}b_h^{(r)} (x and A_η^{(k+} = (a_η^{(k+} (x b_η^{(k+} (x

a^{η(k+} = p^η .

S(x)a_η^{(k+} (x) ≡ b_η^{(k+} (x x^{k+1}

n − A = (a(x b(x A_0^{(n)} = (a_0^{(n)} (x b_0^{(n)} (x A_η^{(k)} S_i = S_i^∗ p^{∈ i} S_i^∗ ∈ R^∗,

0_i ≤ e, i = A_η = (p^η L(A_η ) = A_η = (p^η , p^η S_0 L(A_η ) = e_0 − = e_0 , and A_η = (p^η , p^η S_0 e_1 , A_η = (p^η , p^η (S_0 +S_1 x_{0 1} − A_η = (p^η − p^{0 1} S_0^1 S_1^∗ x , S_0 ∈_{0 1} e_1 − 1 . (20)

O(e

Given S_0 ,S_1 ,...,S_{n − 1} S_i ∈ R = Z_pe A = (a(x b(x S(x)a(x) ≡ b(x x^n ), a = , = L(A) = max{deg a(x +deg b(x)} ...,e − a_η (x) = p^η , b_η (x) = a_η^{new} (x) = p^η , b_η^{new} (x) = p^η S_0 , θ_η and u_η , θ_η ∈ ≤ u_η ≤ e S(x)a_η (x) − b_η (x)_η p^{uη} x) .

k = ...,n − 1.

g = ...,e − L(a_g^{new} (x b_g^{new} (x > L(a_g (x b_g (x a_g^{old} (x) = a_h (x b_g^{old} (x) = b_h (x θ_g^{old}_h , u_g^{old} = u_h , r_g = k− where h = e − 1− u_g. ...,e − a_η (x) = a_η^{new} (x b_η (x) = b_η^{new} (x).

...,e − θ_η and u_η , θ_η ∈ ≤ u_η ≤ e S(x)a_η (x) − b_η (x)_η p^{uη} x^k x^{k+1} ) .

Set g = e − 1− u_η u_η = e set a_η^{new} (x) = a_η (x b_η^{new} (x) = b_η (x u_η ≠ e and L(a_g (x b_g (x = a_η^{new} (x) = a_η (x b_η^{new} (x) = b_η (x)_η p^{uη} x^k ;

u_η ≠ e and L(a_g (x b_g (x ≠ a_η^{new} (x) = a_η (x)_η (θ_g^{old} )^{− 1} p^{uη − ugold} x^{k− r g} a_g^{old} (x b_η^{new} (x) = b_η (x)_η (θ_g^{old} )^{− 1} p^{uη − ugold} x^{k− r g} b_g^{old} (x) .

n − a(x b(x a_0^{new} (x b_0^{new} (x

η, (a_η (x b_η (x = (a_η^{(k)} (x b_η^{(k)} (x (a_η^{new} (x b_η^{new} (x = (a_η^{(k+} (x b_η^{(k+} (x θ_{η ηk} u_η = u_{ηk} . If g = g_η = e − 1− u_η = e − 1− u_{ηk} then

r_η = max : r < k and L(a_g^{(r)} (x b_g^{(r)} (x < L(a_g^{(r +} (x b_g^{(r +} (x } , θ_g^{old}_{hr η} , u_g^{old} = u_{hr η} , where h = f(g,r_η ).

a(x b(x

a = p^η

S(x)a(x) ≡ b(x x^k) (21) by %_η^{(k)} @_η^{(k)} = { (a(x b(x S(x)a(x) ≡ b(x) p^η x^k x^{k+1} e a(x b(x ∈ %_η^{(k)} pa(x pb(x ∈ %_1^{(k)} (a(x b(x @_u^{(k)} u ≤ u ≤ e u = e then (a(x b(x ∈ %_η^{(k+} A_η^{(k)} ∈ %_η^{(k)} ∩ @_{uηk}^{(k)} . (22)

If (a(x b(x ∈ %_η^{(k)} and (c(x d(x ∈ @_u^{(k−} u < L(a(x b(x + L(c(x d(x ≥ (23) Proof. x^k S(x)a(x) ≡ b(x S(x)c(x) ≡ d(x) p^ux^{k− 1} , for b(x)c(x)− a(x)d(x) p^ux^{k− 1} a(x) p^ux^{k− 1} a p^ux^{k− 1} k− 1. But b(x)c(x)− a(x)d(x ≤ max{ b(x)c(x a(x)d(x)} ≤ L(a(x b(x + L(c(x d(x −

a(x b(x in %_η^{(k)} a(x b(x ∈ %_η^{(k)} L(a(x b(x ≤ L(a′(x b′(x a′(x b′(x ∈ %_η^{(k)}

(a(x b(x %_η^{(k)}.

Theorem = ..., ...,e − 1_η^{(k)} %_η^{(k)}.

Proof. k Step k,

properties P_0 ,P_1 ,...,P_{k− 1}

A_g^{(r)} %_g^{(r)} ≤ r ≤ k ≤ g < e .

k u_{ηk} A_η^{(k+} k P_k

(P_k e L(A_η^{(k+} = L(A_η^{(k)}

u_{gk} < e L(A_η^{(k+} ) = k+1− L(A_g^{(k)} L(A_η^{(k+} ) > L(A_η^{(k)}

A_η^{(k+} %_η^{(k+} P_0 A_η and A_η

k A_η^{(k+} has

P_k Then L(A_g^{(k)} ) = A_g^{(k)} = (p^g

S(x)p^g_{gk}p^{ugk} x^k x^{k+1} ) . p^{e − g} = p^{1+uηk} S_0 ,...,S_{k− 1} and S_k p^{ugk − g} for some S_i = p^{1+uηk} S_i^∗ for i < k a_η^{(k)} = p^η

1+u_{ηk} (S 0 * +...+S_{k− 1}^* x^{k− 1} ) p^{ugk − g}x^k} .^η + ≡ b_η^{(k)} (x)_{ηk}p^{uηk} x^k x^{k+1} ) . (30) Since L(A_η^{(k+} ) = k+1 > L(A_η^{(k)} ), deg b_η^{(k)} (x) ≤ k− 1 .

x^k α p^{1+uηk} p^{ugk e +1+uηk}_{ηk}p^{uηk} R θ_{ηk} p p^{ugk e +1} , i.e. u_{gk} < e

L(A_η^{(k+} ) = max (A_η^{(k)} k+1− L(A_g^{(k)} ) (31)

L(A_η^{(k+} ) ≤ max (A_η^{(k)} k− r +L(A_h^{(r)} )} = max (A_η^{(k)} k+1− L(A_g^{(k)} )

A_η^{(k+} P_k k− r + L(A_h^{(r)} ) > L(A_η^{(k)} i.e. k+1 > L(A_η^{(k)} ) + L(A_g^{(k)}

q(x) = a_η^{(k)} (x) (x)a_g^{(k)} (x) − b_g^{(k)} (x)} − a_g^{(k)} (x) (x)a_η^{(k)} (x) − b_η^{(k)} (x)} (33) = a_g^{(k)} (x)b_η^{(k)} (x) − a_η^{(k)} (x)b_g^{(k)} (x) . (34)

deg q(x) ≤ L(A_η^{(k)} ) + L(A_g^{(k)} ) − 1 < k .

q(x) = (p^η + ... θ_{gk}p^{ugk} x^k + ...)

− (p^g + ... θ_{ηk}p^{uηk} x^k + ...

≥ k q(x x^k θ_{gk}p^{ugk}_{ηk}p^{g +uηk}

u_{gk} = g + u_{ηk} . (36)

S_0 = 6, S_1 = 3, S_2 = 1, S_3 = 5, S_4 = k,η), k = ...

a_η^{(k)} (x b_η^{(k)} (x , ,u_{ηk},θ_{ηk},f(η,k), , = L(a_η^{(k)} (x b_η^{(k)} (x a_η^{(k+} (x b_η^{(k+} (x

S_n + 4S_{n − 1} + 7S_{n − 2} + S_{n − 3} = n ≥ 3 .

Acknowledgement a_η^{(k)} (x b_η^{(k)} (x

0 1 k =

+4x +4x +4x^2 +4x^2 +4x +4x^2 +4x^2 +4x+7x^2 +x^3 +x^2 +3x^2 +5x^3 x^2 )

, ,u_{ηk},θ_{ηk},f(η,k

0 1 k =

References

5 (1974), 305-315. 20 29 (1975), 295-300.

1 295.

Math., 39

COM-24

AC-19

R-2

5

2^n, IT-29 (1983), 144-146.

analysis, 14

20 in

Applications,

Algebra, unpublished

R-3

IEEE IT-23

Theory, IT-15 29 (1975), 173-180.

Theory, IT-21 in 23rd

generators, 1983. Info.

Control, 29

IT-23

Theory, IT-25

R-4

Cryptography

149 m, 35 m 37

27 preprint.

IT-25 in Error