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Zeitkosten fiir r!2 Integer-Multiplikationen
unter Mathematica

r tpC 486 tPentium I11
2 0,0006199 sec | 0,0000077 sec
3 0,0055787 sec | 0,0000697 sec
4 0,0892584 sec | 0,0011157 sec
5 2,2314608 sec | 0,0278933 sec
§) 80,3325893 sec | 1,0041574 sec
{ 65,6049479 min | 0,8200618 min
8 2,9157754 day | 0,0364472 day
O | 236,1778125 day | 2,9522227 day
10 64,706 year 0,808 year
11 7829,456 year 97,868 year
12 | 1127441,700 year | 14093,021 year

1 Integermult. auf PC 486:
0,0001549625564925044091710758 sec

t Penti =
Pentium III — gg "PC 486



Cooley-Tukey FFT

Input: n = 2N length
w n-th root of unity
(ag,...,a,_1) Vvector of complex

coefficients
Output: (Ag,..., A, 1)L =
DFT, - (ag,..., an_l)T

procedure FFT(n,w,aq,..,an_1, Ag, .., Ap_1);

begin
if n =1 then
Apg = ag;
else

FFT(%7(’U27 aQ, a2, .-, p_2, EO’ I Eﬂ_l);
FFT(%7(’U27 a1,a3,..,ap—1, OO? ) Oﬂ—l);
for k=0 ton/2—-1do
Ap = Ep + kak;
Apgny2 7= By, — wFOy;
end do
end if
end;



Formeln fur die schnelle Integer-Multi-
plikation

Zur Bitlange N von a, b
N :=v-2" wobein—-1<v<2n, (n>4)

Q-adisch: a=Y7"ta - Q
Blockanzahl: 2™ mit m = [n/2] 4+ 1
Q = 2N/2"

Zur Bitlange K von a;, b;, ¢
K:=kr-2Fmit k:=[n/2]4+1
k= [(v+1)/2]

2-te primitive Einheitswurzel modulo
(2% 4+ 1)

Wegen k > m ist K = k- 2F Vielfaches von
L =2m

= = 22K/2™ ist 2™_te primitive Einheits-
wurzel modulo (2¥ 4 1)



Werte wichtiger GroBen fur die schnelle

Integer-Multiplikation

n 4 5 6 7 8 9
2nl 16| 32| 64| 128| 256 | 512
v 3 4 5 6 7 8
8| 10| 12 14 16 18

N| 48[128[320| 7681792 | 4096
128 | 320 | 768 | 1792 | 4096 | 9216

m 3 3 4 4 5 5
2m 8 8| 16 16 32 32
k 3 4 4 5 5 6
Dk 8| 16| 16 32 32 64
K 2 3 3 4 4 5
5 6 7 8 9 10

K| 16| 48] 48| 128 128| 320
40| 96| 112 | 256 | 288 | 640




Integer-Multiplikation (Version 1)

Input: n, v (Mitn-1<v<2n), N :=vp-2"
a, b > 0 Integer, (a, b, a-bin N Bit)
Output: c=a-b

procedure IntMult(a,b,n,v, N; ¢);
begin
calc m, 2™, Q, a;, b;;
calc k, k, K, w, w_lmod(QK—I— 1),
(2™)~tmod(2* + 1);
in Z mod(2X 4+ 1) do
FFT(Qm,w, A0,y -« - - CLQm_l;Ao, Ce e Azm_l);
FFT(Qm,w, bg,...,bom_1;Bg, ..., BQm_l);
for(=0to 2" —1 do
C;:= A;- By mod(2K + 1);
od
FFT(2™, w1 Co,..,Com_1:Xq, .., Xom_1);
for(=0to 2" —1 do
¢ = (2™)~1. X; mod(2K 4 1):
od
od
c =Yyt - Q
end



Selbstaufruf von IntMult moglich?

Input: n, v (Mitn-1<v<2n), N :=vp-2"
a, b > 0 Integer, (a, b, a-bin N Bit)
Output: c=a-b <« mod(2V +1)

procedure IntMult(a,b,n,v, N; ¢);
begin
calc m, 2™, Q, a;, b;;
calc k, k, K, w, w_lmod(QK—I— 1),
(2™)~tmod(2* + 1);
in Z mod(2X 4+ 1) do
FFT(Qm,w, A0,y -« - - CLQm_l;Ao, Ce e Azm_l);
FFT(Qm,w, bg,...,bom_1;Bg, ..., BQm_l);
for(=0to 2" —1 do
C;:= A;- By mod(2% +1); < IntMult
od
FFT(2™, w1 Co,..,Com_1:Xq, .., Xom_1);
for(=0to 2" -1 do
¢ = (2™)~1. X; mod(2K 4 1):
od
od
c.= ZZQZ()_l ¢ Qb <« mod(2VN +1)
end



Integer-Multiplikation (Endversion)

Input: n, v (IMmitn-1<v<2n), N .=v-2"
a, b > 0 Integer, (a, b, a-bin N Bit)
Output: ¢ =a-bmod(2V 4+ 1)

procedure IntMult(a,b,n,v, N; c¢);
begin
if n=3 then ¢ =a-bmod(2® 4 1)
else
calc m, 2™, @Q, a;, b;;
calc k, v, K, 1, w,
{w=t, 2™, 771} mod(2X + 1);
calc o; ;= a; - 7 mod(2& + 1),
B; == 0b; - T mod(2K + 1);
in Z mod(2X% 4+ 1) do
FFT(Qm,w,Cko, ..,Osz_]_;Ao,..,AQm_l);
FFT(Qmawaﬁoa“aﬁzm—l;BOa "7BQm—1);
fori=0to 2™ —1 do
IﬂtMUH:(Al,Bl,k,HJ,K; Cl);
od
FFT(2™, w1 Co,..,Com_1:X0,...);
fori=0to 2™ —1 do
¢ =7t (2m)~1. X; mod(2¥ +1);
od
od
ci=Y75" ¢ Q mod(2N + 1);
fi
end



