
PARALLEL POLYNOMIAL COMPUTATIONS BY RECURSIVE PROCESSES 

Dario Bini; Victor Pan 
University of Pisa; Lehman College, CUNY and SUNY at ,1?!1,~A;y 

Let Cg stand for log,, eg(‘)n = n, 
t?g( h)n = f?glg(h-l)n, h = 1,. . . ,lg*n, lg*n = 
min{ h, egth)n < 1). Given natural N, h, 1 _< 
h < !?g*N, and-polynomial p(z), p(O) # 0, we 
compute r(z) = p(r)-’ mod zN for the cost 
0~(t,P), t = h &g N, P = (N/h)lg(h)N, un- 
der the PRAM arithmetic model, that is, we 
need O(t) steps and O(P) processors (with 
t and P as above), provided DFT(m) costs 
OA(eg m,m). For h = lg* N, the cost bounds 
turn into OA(eg N Cg*N, N/eg*N). The re- 
sults improve [G] and apply to various related 
computations [BP]. 

Basis observation. FOT i = 0, 1, . . . , 

Vi(X) = T(X) mod xk2’ , 

deg(v;(x)) < (i + l)k2i - 2’+r + 1 

if 

v. cx> = T(X) mod xk; pi(x) =P(x) mod xkpi, 

%+1(x) = (2 - Vi(X)Pi(~))Vi(X). (1) 

Let 4 < 4 < n, l?g(h)n, j = eg k?g # be inte- - - 
gem. 
Algorithm. Input: n, 4, the coefficients of 
p(x) and T(X) mod xk, k = n/4. 

Output: r(x) mod ~7, 7 = n lg?$. 
I 

1. Set Q(X) = T(X) mod xk; compute vo(z), 
pi(x) = p(x) mod xk2’, i = 1,. . . ,j - 1, 

.i = e9 4 - 2@ lg 4, at the y-th roots of 
1 (j after))* 

2. Apply (1) pointwise, for i = 1,. . . ,j - 1, 
to evaluate vj(X) at the r-th roots of 1. 

3. Compute the coefficients of vi(x) 

(~Fm%* 

Basis observation implies correctness of algo- 
rithm 1, whose cost is OA(logn, n). 

Apply the algorithm for 4 = egci)n, 
. = OJ,..., 
iirst [n/lg 

J, J < 2h to compute the 
ch)n] coefficients of T(X). If 

f!?gth)n > 1, apply steps l-3 for j = 

e9( h+l)n, to compute T(X) mod xn for the 
additional cost OA(eg n, n(Cg(hi1)n)2) 5 

OA(h -!g n, Elgth)n). 

Finally aPPIY h steps 
of Sieveking-Kung’s algorithm, starting with 
T(X) mod xn, and arrive at T(X) mod xCN, for 
N= n 2h. These steps cost OA(h lg N, N/h). 
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