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#define LONG lo lo int
int mulmod( int a, int b, int p ) {
int t = (LONG) a * b % p;
return t;
}
int addmod( int a, int b, int p ) {
int t = a-p+b;
t += (t>>31) & p; // if( t<0 ) t+= p;

return t;
1
int submod( int a, int b, int p ) {
int t = a-b;
t += (t>>31) & p; // if( <0 ) t+= p;
return t;
}
void FFT1( int *A, // [a0,al,...,ad,0,...,0] of size n
int n, // n =2k

int *W, // [ powers of w, w™2, w™4, w™8, ...

]
int p,  // prime < 2731 I+ F s f’\P{?&. °
p int *T ) // [ scratch array of size n ] i‘l’ dbw no‘f qﬁ'o Cﬁ-ﬁc Weﬂﬂfj %

int i,n2,t;
if( n==1 ) return;

n2 = n/2; /r_;_ﬂ)L

for( i=0; i<n2; i++ ) { y -
T[ i] = A[2#i]; l"—-'- [_Qo)q‘l.j “f'\"'}ﬁﬂ'-z ) l)ai,-- JQK\ \
T[n2+i] = A[2%i+1]; ~—E A R e 1
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FFT1( T, n2, W2, p, A ); <=

FFT1( T+n2, n2, Wn2, p, Atn2 );c<— Th ?m“e\ 77

for( i=0; i<n2; i++ ) {
t = mulmod(W[i],T[n2+i],p);
Al il = addmod(T[i]l,t,p);
A[n2+i] = submod(T[il,t,p);
}

return;
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In-place FFT routines with permutations and temporary storage 7T'.

W:

2 n/2—1 2 A
[1,w,u?, ..., w211, w2 Wl ...,

void FFT1( int *A, int n,
int *W, int p, int *T )
{ {
int i,n2,t;
if( n==1 ) return;
n2 = n/2;
for( i=0; i<n2; i++ ) {
TL il = A[2%i];
T[n2+i] = A[2*i+1];
}
FFT1( T, n2, W+n2, p, A );
FFT1( T+n2, n2, W+n2, p, A+n2 );
for( i=0; i<n2; i++ ) {
t = mulmod(W[i],T[n2+i],p);
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AL il = addmod(T[il,t,p);
A[n2+i] = submod(T[i],t,p);
}
return;
} }
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void FFT2( int #*A, int n,

int *W, int p, int *T )

int i,n2,t;
if( n==1 ) return;
n2 = n/2;
for( i=0; i<n2; i++ ) {
T[i] = addmod(A[i],A[n2+i],p);
t = submod(A[i],A[n2+i],p);
T[n2+i] = mulmod(t,W[il,p);
}
FFT2( T, n2, W+n2, p, A );
FFT2( T+n2, n2, W+n2, p, A+n2 );
for( i=0; i<n2; i++ ) {
A[ 2*i] = T[i];
A[2%i+1] = T[n2+i];
}

return;
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Multiplication in F[x]| using the FFT

Input a,b € Flz] where a = 3% a;z* and b= 37" bia'.

_ L)
Output ¢ = a x b= S"""ciat € Fla]. Cy = atl

i e FFT el
S1 Pick smallest n = 25 > d + m. ' '\.‘(’pr /I‘ 4’

) : A w\\.
Find w € F with w" =1 and w* # 1 for 1 <7 < n. C((A)b) = Q(w)eloc )
———————— ’

Idea: interpolate c(z) from [ c(w’) = a(w')b(w’) : 0<i<n].

S2 Compute W = [w' : 0<i<n/2].
S3 FFE( n, W, A= lag,ai,...,a4,0,...,0]) # A= la(1),a(w),...,a(w" "))
FFT(n, W, B = [bo,br,.... b 0,0 ) # B = [b(1),b{w), .., blw")]
S4 Compute C =[A; x B; : 0<i<n] # C=[c(l),c(w),..., c(w™ )]
S5 Compute W = [w™ : 0<1i<n/2].
FFT‘( n, WL C) # C =nlcy,c1,- .., Casm,0,...,0]
S6 Return S04 LCiai € Fla]
Cost
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In-place FFT routines with permutation removed.

W =[1,w,w? ..., w2 1,0 W . w272 1,0 W8, L w274 1,0

void FFT1( int *A, int n,

{

int *W, int p )

int i,n2,t;
if( n==1 ) return;
n2 = n/2;
FFT1( A, n2, W+n2, p );
FFT1( A+n2, n2, W+n2, p );
for( i=0; i<n2; i++ ) {
s = A[i];
t = mulmod (W[i],A[n2+i],p);
Al il = addmod(s,t,p);
A[n2+i] = submod(t,t,p);
}

return;

void FFT2( int *A, int n,

{

int *W, int p )

int i,n2,t;
if( n==1 ) return;
n2 = n/2;
for( i=0; i<n2; i++ ) {
s = addmod(A[i],A[n2+i],p);
t = submod(A[i],A[n2+i],p);
A[i] = s;
A[n2+i] = mulmod(t,W[il,p);
}
FFT2( A, 102 W2, p );
FFT2( A+n2, n2, W+n2, p );
return;



