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/*

** Author: Pate Williams (c) 1997 - 2024

** Single precision Goldwasser-Kilian primality test.
** See "A Course in Computational Algebraic Number
** Theory" by Henri Cohen Algorithm 9.2.3 page 470.
*/

#include <math.h>

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

12 #include <time.h>

13

14 #define MaxBO 10000000

15 #define ssize (MaxB@ / 32 + 1)
16 #define BITS_PER_LONG 32

17 #define BITS_PER_LONG_ 1 31

18 #define SIEVE_LIMIT 9999889

19 #define SIEVE_COUNT 664579

20 #define SIEVE_SIZE ssize

21

22 struct point { long long x, y; };
23 long sieve[SIEVE_SIZE];
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24

25 long get_bit(long i, long* sieve)

26 {

27 long b = (int)(i % BITS_PER_LONG);

28 long ¢ = (int)(i / BITS_PER_LONG);

29

30 return (sieve[c] >> (BITS_PER_LONG_1 - b)) & 1L;
31}

32

33 void set_bit(long i, long v, long* sieve)
34 {

35 long b = (int)(i % BITS_PER_LONG);

36 long ¢ = (int)(i / BITS_PER_LONG);

37 long mask = 1L << (BITS_PER_LONG_1 - b);
38

39 if (v == 1)

40 sieve[c] |= mask;

41 else

42 sieve[c] &= ~mask;

43 '}

44

45 void Sieve(long n)

46 {

47 long c, i, inc;

48

49 set_bit(e, 0, sieve);

50 set_bit(1l, 0, sieve);

51 set_bit(2, 1, sieve);

52 for (i = 3; i <= n; i++)
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53 set_bit(i, i & 1, sieve);
54 c = 3;

55 do {

56 i=c*c, inc =c + c;
57 while (i <= n) {

58 set_bit(i, 0, sieve);
59 i += inc;

60 }

61 C += 2;

62 while (!get_bit(c, sieve)) c++;
63 } while (c * c <= n);

64 }

65

66 long long gcd(long long a, long long b)
67 /* returns greatest common divisor of a and b */

68 {

69 long long r;

70

71 if (a < @) a = -a;

72 if (b < @) b = -b;

73 while (b > 9)

74 r=a%hb, a=>b, b=r;
75 return a;

76 }

77

78 void Euclid_extended(

79 long long a, long long b,

80 long long* u, long long* v,
81 long long* d)

82 {

83 long long q, t1, t3, vi, v3;
84

85 *u = 1;

86 *d = a;

87

88 if (b == 9) {

89 *v = 0;

90 return;

91 }

92

93 vl = 0, v3 = b;

94 #ifdef DEBUG

95 printf s("-----------mmmm e \n");
96 printf_s(" q t3 *u *d t1 vl v3\n");
97 printf s("-----------mmmm e \n");
98 #endif

99 while (v3 != 0) {

100 q = *d / v3;

lo1 t3 = *d - q * v3;

102 tl = *u - q * vi;

103 *u = vl, * d = v3;

104 #ifdef DEBUG
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printf_s("%41d %41d %41d ", q, t3, *u);
printf_s("%41d %41d %41d %41d\n", *d, t1, vi, v3);
#endif
vl = t1, v3 = t3;
}
*v o= (*d - a * *u) / b;
#ifdef DEBUG
printf s("---------------mme e \n");
#endif

}

long long inverse(long long a, long long b)
/* returns inverse of a modulo b or @ if it does not exist */

{

long long d, u, v;

Euclid_extended(a, b, &u, &v, &d);
if (d == 1) return u;
return 0;

}

int addition_1(long long n,
struct point P1,
struct point P2,
struct point* P3)

/* returns 1 if P1 = - P2 therefore P1 + P2 = 0, */
/* 0 otherwise P1 != P2 */
{

long long delta_x
long long delta_y
long long m;

(P2.x - P1.x) % n;
(P2.y - Pl.y) % n;

if (Pl.x == P2.x && Pl.y == -P2.y) {
P3->x = 0, P3->y = 1;
return 1;

}

/* calculate m = (y2 - y1)(x2 - x1) ~ - 1 mod n */
if (delta_x < @) delta_x += n;

if (delta_y < @) delta_y += n;

m = delta_y * inverse(delta_x, n) % n;

/* calculate x3 =m ~ 2 - (x1 + x2) mod n */

P3->x = (m * m - (P1l.x + P2.x)) % n;

/* calculate y3 = m(x1 - x3) - y1l mod n */

P3->y = (m * (P1.x - P3->x) - Pl.y) % n;

return 0;

}

void addition_2(
long long a,
long long n,
struct point P1,
struct point* P3)
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157 /* P1 == p2 */

158 {

159 long long m;

160 /* calculate m = (3x1 ~ 2 + a)(2yl) ~ - 1 mod n */
161 m= (3 * Pl.x * P1L.x + a) * inverse(2 * Pl.y, n) % n;
162 /* calculate x3 =m ~ 2 - 2x1 mod n */

163 P3->x = (m *m - 2 *¥ P1.x) % n;

164 /* calculate y3 = m(x1 - x3) - y1 mod n */

165 P3->y = (m * (P1.x - P3->x) - Pl.y) % n;

166 }

167

168 int multiply(

169 long long a,

170 long long k,

171 long long n,

172 struct point P,

173 struct point* R,

174 long long* d)

175 /* returns - 1 if O encountered, @ if divisor not found, */
176 /* 1 otherwise */

177 |

178 int value = 1;

179 struct point A, B, C;

180

181 /¥ A =P */

182 A= P;

183 /¥ B =0 = (0, 1) the point at infinity */
184 B.x = 0, B.y = 1;

185 while (value && k > 0) {

186 if (k & 1) {

187 *d = gcd((B.x - A.x) % n, n);
188 k--3;

189 value = *d == 1 || *d == n;
190 if (A.x == @ && A.y == 1);
191 else if (B.x == 0 & B.y == 1) B = A;
192 else if (value) {

193 addition_1(n, A, B, &C);
194 B = C;

195 }

196 }

197 else {

198 *d = ged((2 * A.y) % n, n);
199 lk >>=1;

200 value = *d == 1 || *d == n;
201 if (value) {

202 addition_2(a, n, A, &C);
203 A=C;

204 }

205 }

206 }

207 *R = B;

208 if (R->X < @) R->X += n;
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if (R->y < @) R->y += n;
if (R->x == @ & & R->y == 1) return -1;
return !value;

}

long long JACOBI(long long a, long long n)
{

long long al, b =2a, e=0, m=0, nl =0, s =0;

if (a == @) return 0;

if (a == 1) return 1;

while ((b & 1) == 9)
b >>= 1, e++;

al = b;

m=n%38;

if (1(e & 1)) s = 1;

else if (m==1 || m==7) s = +1;
else if (m==3 || m==5) s = -1;

I

| =

if (n % 4 ==38 % al % 4 ==3) s = -s;
if (a1l '=1) n1 = n % al; else nl = 1;
return s * JACOBI(nl, al);

}

long long exp_mod(long long x, long long b, long long n)

/* returns x ~ b mod n */

{
long long a = 11, s = x;
while (b = @) {
if (b & 11) a = (a * s) % n;
b >»»=1;
if (b 1=0) s = (s *s) % n;
}
return a;
}
long long rand64()
{
long long hi = ((long long)rand()) << 31;
long long lo = (long long)rand();
return hi | lo;
}

long long Rabin_Miller(long long N)
/* given an integer N >= 3 returns @ composite */
/* 1 probably prime */
{
long long N1 =N -1, a, b, c =20, e, g =N1, t

if (N == 2 || N == 3) return 1;
/¥*N-1=2"1t* qwith q odd */
while (!(q & 1)) g >>= 1, t++;

9;
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L2:
do a = rand64() % N; while (a == 0);
e = 0;
b = exp_mod(a, q, N);
if (b == 1) goto L4;
while (b !=1 8 b != N1 && e <=t - 2) {
b= (b *b)%N;
e++;
}
if (b !'= N1) return OLL;
L4:
c--3
if (c > @) goto L2;
return 1LL;

}

long long cardinality(long long a, long long b, long long p)
/* returns the cardinality of the elliptic curve
** E(F_p): y ~2=x "3+ ax + b using
** [E(F_p)| =p+1 - a_p
¥ a_p=-sum®<=x<p, (y"2/p))
*/
{
long long a_p = 0, Xx;

for (X = @; X < p; X++)
a_p += JACOBI((((x * x) %p *XxX) %p+a*x+Db)%p, p);
return p + 1 + a_p;

}

long long square_root_mod(long long a, long long p)
/* returns square root of a modulo p if it exists @ otherwise */

{
long long b, e =0, my n, g=p -1, r, t, x, y, z;

/¥*p -1=2"e* qwith q odd */
while (!(q & 1)) g >>= 1, e++;
/* find generator */

do
do n = rand() % p; while (p == 9);
while (JACOBI(n, p) != -1);
z = exp_mod(n, q, p);
y =12z, r =eg;
x = exp_mod(a, (q - 1) / 2, p);
b= ((@*x%p)*x)%p;
x = (a* x)%p;
L3:
if (b == 1) return x;
m=1;

while (exp_mod(b, (long long)pow(
2.0, (double)m), p) !'= 1) m++;
if (m == r) return 0;
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}

t = exp_mod(y, (long long)pow(
2.0, (double)r - m - 1), p);

y=t*t%p;

r=m;

X =x*t%p;

b=>b*y?%p;

goto L3;

long long Goldwasser_Kilian(long long N, long BO)
/* returns @ if N is composite 1 if prime */

{

L2:
L3:

L6:

double runtime = 0.0;

long long value;

long long Ni = N, a =0, b=90,d=0, i=20;
long long m =0, p=0, q=0, x=0,y=0;
struct point P= {0 }, PL={0 }, P2 =4{0};
clock t time® = clock(), timel = ©;

N o©

Sieve(SIEVE_LIMIT);

timel = clock();

runtime = ((double)timel - time®) / CLOCKS_PER_SEC;
printf_s("Prime sieving time = %1f\n", runtime);

if (Ni <= Bo) {
p=2;
while (p <= (long long)sqrt((double)Ni)) {
if (Ni % p == 0) {
printf_s("1 factor = %11d\n", p);

return 0;
}
pt++;
while (!get_bit((long)p, sieve)) p++;
}
return 1;
}
if (!Rabin_Miller(Ni)) goto L9;
for (55) {
do a = rand() % Ni; while (a == 0);
do b = rand() % Ni; while (b == 0);
m=(4*a*a*a+27*b*b)%Ni,
if (m != @) break;
}
m = cardinality(a, b, Ni);
q=m/ 2;
x = (long long)sqrt(sqrt((double)Ni)) + 1;
if (m & 1 || !Rabin_Miller(q) || g <= x * x) goto L3;
do {

do x = rand() % Ni; while (x == 0);
y = (((x *x) %Ni*x)%Ni+a*x+b) %Ni;
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365 if (y < @) y += p;

366 } while (y == @ || JACOBI(y, Ni) == -1);
367 y = square_root_mod(y, Ni);

368 if (y == @) goto L9;

369 P.x = x, P.y =y;

370 value = multiply(a, m, Ni, P, &P1, &d);
371 if (value == 1) {

372 printf_s("2 factor = %11d\n", d);
373 goto L9;

374 }

375 if (value == 0) goto L6;

376 value = multiply(a, 2, Ni, P, &P2, &d);
377 if (value == 1) {

378 printf_s("3 factor = %11d\n", d);
379 goto L9;

380 }

381 if (value == -1) goto L6;

382 printf_s("N[%11d] = %11d\n", i, Ni);

383 printf_s("a = %11d\n", a);

384 printf_s("b = %11d\n", b);

385 printf_s("m = %11d\n", m);

386 printf_s("q = %11d\n", q);

387 printf_s("P = (%11d, %11d)\n", P.x, P.y);
388 printf_s("P1 = (%11d, %11d)\n", P1.x, Pl.y);
389 printf_s("P2 = (%11d, %11d)\n", P2.x, P2.y);
390 i++;

391 Ni = qg;

392 goto L2;

393 L9:

394 if (i == @) return 0;

395 i--;

396 goto L3;

397 }

398

399 void test_1(void)

400 {

401 long long a =1, b =6, d, p = 11;

402 struct point P = {2LL, 7LL}, R;

403

404 multiply(a, 11, p, P, &R, &d);

405 printf_s("%11d(%11d, %11d) = (%11ld, %11d)\n",

406 11LL, P.x, P.y, R.x, R.y);

407 multiply(a, 12, p, P, &R, &d);

408 printf_s("%11d(%11d, %11d) = (%11ld, %11d)\n",

409 12LL, P.x, P.y, R.x, R.y);

410 printf_s("|E(F_%11d)| = %11d\n", p, cardinality(a, b, p));
411 printf_s("Rabin_Miller(5) = %11d\n", Rabin_Miller(5LL));
412}

413

414 void test_2(void)

415 {

416 long long a =1, b =2, d, p = 5;
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struct point P = {1, 3}, R;

if (multiply(a, 2, p, P, &R, &d))
printf_s("d = %11d\n", d);
printf_s("%11d(%11d, %11d) = (%11d, %11d)\n",
2LL, P.x, P.y, R.x, R.y);
if (multiply(a, 4, p, P, &R, &d))
printf_s("d = %11d\n", d);
printf_s("%11d(%11d, %11d) = (%11d, %11d)\n",
4LL, P.x, P.y, R.Xx, R.y);
printf_s("|E(F_%11d)| = %11ld\n",
p, cardinality(a, b, p));
}

long long ParseNumber(char numStr[], long long*
char ¢ = 0, expStr[32] = { 0 };

char addstr[32] = { @ }, radStr[32] = { © };
char* karet = NULL, * nsign = NULL, * psign
long long radix = @, expon = @, addme = 0;

long long error =0, i =0, j =0, 1 =0;

karet = strchr(numStr, "~');
nsign = strchr(numStr, "-');
psign = strchr(numStr, "+');
1 = strlen(numStr);

if (karet == NULL && nsign == NULL && psign
c = numStr[i++];

while (c >= '0' && c <= '9' && i < 1) {
radStr[j++] = c;
c = numStr[i++];

}
if (1 ==1)
{
*n = atoll(numStr);
return 1;
}
else
return -1;
if (j == 0)
return -2;
}
else if (karet) {
c = numStr[o];
i=3j=20;

while ((c >= '0' && c <= '9') && (i < 1)

n A

= NULL;

== NULL) {

I (c ==

A
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c = numStr[i++];

if (c 1= "~")
radStr[j++] = c;

else if (c == '"")
break;

}

radStr[j] = '\@';
radix = atol(radStr);

if (psign && !nsign)

c = *(psign + 1);
else if (!psign && nsign)
c = *(nsign + 1);

else
return -3;

j=9;

while ((c >= '0' & c <= '9') && (i < 1)) {
c = numStr[i++];

if (c >= '0" && c <= '9")
expStr[j++] = c;
}

if (j == 0)
return -4;

expStr[j++] = "\0';
expon = atol(expStr);

if (1 ==1) {
*n = (long long)pow(
(double)radix, (double)expon) + addme;

return 1;
}
j=0;
c = numStr[i];
while (
(c>='"0" && c <= '9") && (i < 1)) {
if (c >= '0" && c <= '9")
addstr[j++] = c;
c = numStr[i++];
}
if (j = 9)
{

addstr[j] = '\@';
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if (psign != NULL)

addme = atol(addStr);
else if (nsign != NULL)

addme = -atol(addStr);
else

return -5;

if (error == 0) {
*n = (long long)pow(
(double)radix, (double)expon) + addme;

return 1;
}
}
return -6;
}
return 0;

int main(void)

double runtime = 0;

long long N;
clock_t time@ = 0, timel = ©;

#ifdef DEBUG
test_1();
test_2();

#endif

for (55) A

char numStr[32] = { @ };

long B0 = 0;

printf_s("number to be tested or © to quit:\n");

scanf_s("%s", numStr, sizeof(numStr));

if (!ParseNumber(numStr, &N)) {
printf_s("Number parsing error\n");
continue;

}

if (N == @) break;

printf_s("number of primes in factor base:\n");

scanf_s("%s", numStr, sizeof(numStr));

BO = atol(numStr);

time@ = clock();

if (Goldwasser_Kilian(N, B®@))
printf_s("proven prime\n");

else
printf_s("composite\n");

timel = clock();

runtime = ((double)timel - time®) / CLOCKS_PER_SEC;

printf_s("Runtime in seconds = %1f\n", runtime);
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573 return 0;
574 }



