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/*
** Author: James Pate Williams, Jr. (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 <windows.h>
#include <tchar.h>
#include <strsafe.h>
#include <math.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <time.h>

#define B1 2000000
#define B2 100000000
#define SIEVE_SIZE (B2 / 32 + 1)
#define BITS_PER_LONG  32
#define BITS_PER_LONG_1 31
#define SIEVE_COUNT1 148933
#define SIEVE_LIMIT1 1999853
#define SIEVE_COUNT2 5761455
#define SIEVE_LIMIT2 99999989
#define MAX_THREADS 1
#define BUF_SIZE 255

typedef struct tagPrimeExponent {
 long long prime;
 int exponent;
} PRIMEEXPONENT, * PPRIMEEXPONENT;

typedef struct tagECPoint {
 long long x, y;
} ECPOINT, * PECPOINT;

/* global data */

long prime;
long b2[SIEVE_COUNT2];
long d2[SIEVE_COUNT2];
long p1[SIEVE_COUNT1];
long p2[SIEVE_COUNT2];
long sieve[SIEVE_SIZE];
PRIMEEXPONENT pev[128];

long GetBit(long i, long* sieve) {
 long b = (int)(i % BITS_PER_LONG);
 long c = (int)(i / BITS_PER_LONG);

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

void SetBit(long i, long v, long* sieve) {
 long b = (int)(i % BITS_PER_LONG);
 long c = (int)(i / BITS_PER_LONG);
 long mask = 1L << (BITS_PER_LONG_1 - b);

 if (v == 1)
  sieve[c] |= mask;
 else
  sieve[c] &= ~mask;
}

void Sieve(long n) {
 long c, i, inc;

 SetBit(0, 0, sieve);
 SetBit(1, 0, sieve);
 SetBit(2, 1, sieve);
 for (i = 3; i <= n; i++)
  SetBit(i, i & 1, sieve);
 c = 3;
 do {
  i = c * c, inc = c + c;
  while (i <= n) {
   SetBit(i, 0, sieve);
   i += inc;
  }
  c += 2;
  while (!GetBit(c, sieve)) c++;
 } while (c * c <= n);
}

long NextPrime(long bound) {
 long q = 0;
 while (q == 0 && prime <= bound) {
  if (GetBit(prime, sieve))
   q = prime;
  prime++;
 }
 return q;
}

long long GCD(long long a, long long b) {
 /* returns greatest common divisor of a and b */
 long long r;

 if (a < 0) a = -a;
 if (b < 0) b = -b;
 while (b > 0)
  r = a % b, a = b, b = r;
 return a;
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long long ExtendedEuclidean(long long b, long long n)
{
 long long b0 = b, n0 = n, t = 1, t0 = 0, temp, q, r;

 q = n0 / b0;
 r = n0 - q * b0;

 while (r > 0)
 {
  temp = t0 - q * t;
  if (temp >= 0) temp = temp % n;
  else temp = n - (-temp % n);
  t0 = t;
  t = temp;
  n0 = b0;
  b0 = r;
  q = n0 / b0;
  r = n0 - q * b0;
 }
 if (b0 != 1) return 0;
 else return t % n;
}

void Add(
 long long a, long long p, ECPOINT P,
 ECPOINT Q, ECPOINT* R) {
 /* elliptic curve point partial addition */
 long long i, lambda;

 if (P.x == Q.x && P.y == 0 && Q.y == 0)
 {
  R->x = 0;
  R->y = 1;
  return;
 }
 if (P.x == Q.x && P.y == p - Q.y)
 {
  R->x = 0;
  R->y = 1;
  return;
 }
 if (P.x == 0 && P.y == 1)
 {
  *R = Q;
  return;
 }
 if (Q.x == 0 && Q.y == 1)
 {
  *R = P;
  return;
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 }
 if (P.x != Q.x)
 {
  i = Q.x - P.x;
  if (i < 0) i += p;
  i = ExtendedEuclidean(i, p);
  lambda = ((Q.y - P.y) * i) % p;
 }
 else
 {
  i = ExtendedEuclidean((2 * P.y) % p, p);
  lambda = ((((3 * P.x * P.x) % p) + a) * i) % p;
 }
 if (lambda < 0) lambda += p;
 R->x = ((lambda * lambda) % p - P.x - Q.x) % p;
 R->y = ((lambda * (P.x - R->x)) % p - P.y) % p;
 if (R->x < 0) R->x += p;
 if (R->y < 0) R->y += p;
}

void Multiply(
 long long a,
 long long k,
 long long p,
 ECPOINT P,
 ECPOINT* R)
{
 ECPOINT S = { 0 }, T = { 0 };

 R->x = 0;
 R->y = 1;
 S = P;

 while (k != 0)
 {
  if (k & 1)
  {
   Add(a, p, *R, S, &T);
   *R = T;
  }

  k >>= 1;

  if (k != 0)
  {
   Add(a, p, S, S, &T);
   S = T;
  }
 }
}

long long Jacobi(long long a, long long n)
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{
 long long a1, e = 0, m = 0, n1 = 0, s = 0;

 if (a == 0) return 0;
 if (a == 1) return 1;
 while ((a & 1) == 0)
  a >>= 1, e++;
 a1 = a;
 m = n % 8;
 if (!(e & 1)) s = 1;
 else if (m == 1 || m == 7) s = +1;
 else if (m == 3 || m == 5) s = -1;
 if (n % 4 == 3 && a1 % 4 == 3) s = -s;
 n1 = n % a1;
 return s * Jacobi(n1, a1);
}

long long Pow(long long x, long long b)
{
 /* returns x ^ b */
 int bits[64] = { 0 }, i = 0, l = 0;
 long long bb = b, z = 1;

 while (bb != 0) {
  bits[l++] = (int)(bb & 1);
  bb >>= 1;
 }

 for (i = l - 1; i >= 0; i--) {
  z = z * z;
  if (bits[i] == 1) z = z * x;
 }

 return z;
}

long long PowMod(long long x, long long b, long long n)
{
 /* returns x ^ b mod n
 ** algorithm taken from Douglas R. Stinson
 ** "Cryptography Theory and Practice" 1995
 ** Figure 4.4 page 127
 **/
 long long bits[64] = { 0 }, i = 0, l = 0;
 long long bb = b, z = 1;

 while (bb != 0) {
  bits[l++] = (int)(bb & 1);
  bb >>= 1;
 }

 for (i = l - 1; i >= 0; i--) {
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  z = (z * z) % n;
  if (bits[i] == 1) z = (z * x) % n;
 }

 if (z < 0)
  z += n;

 return z;
}

long long Rand64()
{
 long long hi = ((long long)rand()) << 32;
 long long lo = (long long)rand();
 return hi | lo;
}

long long RandomRange(long long lower, long long upper)
{
 long long a = 0;

 while (1) {
  a = lower + Rand64() % (upper + 1);

  if (a <= upper)
   return a;
 }
}

long long RabinMiller(long long N) {
 /* given an integer N >= 3 returns 0 composite */
 /* 1 probably prime */
 long long N1 = N - 1, a, b, c = 20, e, q = N1, t = 0;

 if (N == 2 || N == 3) return 1;
 /* N - 1 = 2 ^ t * q with q odd */
 while (!(q & 1)) q >>= 1, t++;
L2:
 a = RandomRange(2, N - 1);
 e = 0;
 b = PowMod(a, q, N);
 if (b == 1) goto L4;
 while (b != 1 && b != N1 && e <= t - 2) {
  b = (b * b) % N;
  e++;
 }
 if (b != N1) return 0LL;
L4:
 c--;
 if (c > 0) goto L2;
 return 1LL;
}
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long long A[10000], B[10000];

void DoSingletonsSort(long long a[], int ii, int jj) {
 /* see "Sorting and Sort Systems"
 ** by Harold Lorin (IBM book)
 */
 int m = 0;
 int i = ii;
 int j = jj;
 int iu[50] = { 0 };
 int il[50] = { 0 };
 int ij = 0, l = 1, k = 0;
 long long t = { 0 }, tt = { 0 };
Label1:
 if (i >= j)
  goto Label8;
 goto Label2;
Label2:
 k = i;
 ij = (j + i) / 2;
 t = a[ij];
 if (a[i] <= t)
  goto Label3;
 a[ij] = a[i];
 a[i] = t;
 t = a[ij];
 goto Label3;
Label3:
 l = j;
 if (a[j] >= t)
  goto Label5;
 a[ij] = a[j];
 a[j] = t;
 t = a[ij];
 if (a[i] <= t)
  goto Label5;
 a[ij] = a[i];
 a[i] = t;
 t = a[ij];
 goto Label5;
Label4:
 a[l] = a[k];
 a[k] = tt;
 goto Label5;
Label5:
 l--;
 if (a[l] > t)
  goto Label5;
 tt = a[l];
 goto Label6;
Label6:
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 k++;
 if (a[k] < t)
  goto Label6;
 if (k <= l)
  goto Label4;
 if (l - i <= j - k)
  goto Label7;
 il[m] = i;
 iu[m] = l;
 i = k;
 m++;
 goto Label9;
Label7:
 il[m] = k;
 iu[m] = j;
 j = l;
 m++;
 goto Label9;
Label8:
 m--;
 if (m == -1)
  return;
 i = il[m];
 j = iu[m];
 goto Label9;
Label9:
 if (j - i > 10)
  goto Label2;
 if (i == ii)
  goto Label1;
 i--;
 goto Label10;
Label10:
 i++;
 if (i == j)
  goto Label8;
 t = a[i + 1];
 if (a[i] <= t)
  goto Label10;
 k = i;
 goto Label11;
Label11:
 a[k + 1] = a[k];
 k--;
 if (t < a[k])
  goto Label11;
 a[k + 1] = t;
 goto Label10;
}

void SingletonsSort(long long a[], int n) {
 DoSingletonsSort(a, 0, n - 1);
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long long SquareRootModPrime(
 long long a, long long p) {
 /* returns square root of a modulo p if it exists 0 otherwise */
 int i;
 long long ainv = 0, b = 0, c, d, p1 = p - 1, q = 0, r = 0;
 long long s = 0, t = p1;

 if (Jacobi(a, p) == -1)
  return 0;

 a %= p;

 if (a < 0)
  a += p;

 /* find generator */
 do
  b = RandomRange(1, p1);
 while (Jacobi(b, p) != -1);

 /* p - 1 = 2 ^ s * t with t odd */
 while (!(t & 1)) {
  t >>= 1;
  s++;
 }

 ainv = ExtendedEuclidean(a, p);
 if ((ainv * a) % p != 1)
  exit(-512);
 c = PowMod(b, t, p);
 r = PowMod(a, (t + 1) / 2, p);

 for (i = 1; i <= s - 1; i++) {
  long long e = s - i - 1;
  long long f = PowMod(2, e, p);
  d = PowMod((((r * r) % p) * ainv) % p, f, p);
  if (d == p1)
   r = (r * c) % p;
  c = (c * c) % p;
 }

 return r;
}

long long Legendre(
 long long x, long long a, long long b, long long p)
{
 long long y = ((((x * x) % p) * x) % p + (a * x) % p + b) % p;
 long long l = PowMod(y, (p - 1) / 2, p);
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 if (l == p - 1)
  l = -1;

 return l;
}

long long Cardinality(
 long long a, long long b, long long p)
{
 long long a_p = 0, x;

 for (x = 0; x < p; x++)
  a_p += Legendre(x, a, b, p);
 return p + 1 + a_p;
}

int Shanks(
 long long a, long long p,
 long long* beta, long long* gamma,
 ECPOINT P, ECPOINT* Q) {
 int aCount = 0, bCount = 0;
 long long W = (long long)ceil(sqrt(2.0) *
  pow((double)p, 0.25));

 /* baby steps */

 for (*beta = 0; *beta < W; (*beta)++) {
  long long m = (p + 1 + *beta) % p;
  ECPOINT R;

  Multiply(a, m, p, P, &R);

  if (R.x != 0)
   A[aCount++] = R.x;
 }

 /* giant steps */

 for (*gamma = 0; *gamma <= W; (*gamma)++)
 {
  long long m = (*gamma * W) % p;
  ECPOINT R;

  Multiply(a, m, p, P, &R);

  if (R.x != 0)
   B[bCount++] = R.x;
 }

 SingletonsSort(A, aCount);
 SingletonsSort(B, bCount);



...wasserKilianPrimalityTest\GoldwasserKilianPrimalityTest.c 11
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572

 for (int i = 0; i < aCount; i++)
 {
  *beta = A[i];

  for (int j = 0; j < bCount; j++)
  {
   *gamma = B[j];

   if (*beta == *gamma)
   {
    *beta = i;
    *gamma = j;
    return 1;
   }
  }
 }

 return 0;
}

long long ShanksMestre(
 long long a, long long b, long long p)
{
 if (p <= 229)
  return -1;

 int counter = 0;

 while (counter < 2048 * 2048) {
  long long g = -1, c = 0, d = 0, g2 = 0, g3 = 0, sigma = 0;
  long long x = -1, y = -1;
  long long beta = -1, gamma = -1, ea = -1, m, r, t, u;
  long long W = (long long)ceil(sqrt(2.0) *
   pow((double)p, 0.25));
  ECPOINT P = { 0 }, Q = { 0 }, R = { 0 };

  for (g = 1; g < p; g++)
   if (Legendre(g, a, b, p) == -1)
    break;

  g2 = (g * g) % p;
  g3 = (g * g2) % p;
  c = (g2 * a) % p;
  d = (g3 * b) % p;

  while (x < p)
  {
   while (x < p)
   {
    x = RandomRange(2, p - 1);
    sigma = Legendre(x, a, b, p);
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    if (sigma != 0)
     break;
   }

   if (sigma == 1)
   {
    ea = a;
    y = ((((x * x) % p) * x) % p + (a * x) % p + b) % p;
   }
   else
   {
    ea = c;
    x = (x * g) % p;
    y = ((((x * x) % p) * x) % p + (c * x) % p + d) % p;
   }

   P.x = x;
   P.y = SquareRootModPrime(y, p);

   if (P.y != 0)
   {
    if (Shanks(ea, p, &beta, &gamma, P, &Q))
     break;
   }
  }

  if (x == p)
   return -1;

  r = -1;
  t = beta + gamma * W;
  m = p + 1 + t;
  Multiply(ea, m, p, P, &Q);
  Multiply(a, m, p, P, &R);

  if ((ea == a && Q.x == 0 && Q.y == 1) ||
   (ea != a && Q.x == 0 && Q.y == 1 &&
    !(R.x == 0 && R.y == 1)))
   r = p + 1 + sigma * t;

  else
  {
   t = -beta - gamma * W;
   m = p + 1 + t;
   Multiply(ea, m, p, P, &Q);
   Multiply(a, m, p, P, &R);

   if ((ea == a && Q.x == 0 && Q.y == 1) ||
    (ea != a && Q.x == 0 && Q.y == 1 &&
     !(R.x == 0 && R.y == 1)))
    r = p + 1 + sigma * t;
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   else
   {
    u = beta - gamma * W;
    m = p + 1 + u;
    Multiply(ea, m, p, P, &Q);
    Multiply(a, m, p, P, &R);

    if ((ea == a && Q.x == 0 && Q.y == 1) ||
     (ea != a && Q.x == 0 && Q.y == 1 &&
      !(R.x == 0 && R.y == 1)))
     r = p + 1 + sigma * u;

    else
    {
     u = -beta + gamma * W;
     m = p + 1 + u;
     Multiply(ea, m, p, P, &Q);
     Multiply(a, m, p, P, &R);

     if ((ea == a && Q.x == 0 && Q.y == 1) ||
      (ea != a && Q.x == 0 && Q.y == 1 &&
       !(R.x == 0 && R.y == 1)))
      r = p + 1 + sigma * u;
    }
   }
  }

  if (r != -1)
   return r;

  counter++;
 }

 return -1;
}

long long BrentPollardRho(
 long long N, long long limit) {
 long c = 0, i = 0;
 long long k = 1, l = 1, P = 1;
 long long x = 2, y = 2, x1 = 2, g = 0;
L2:
 x = (x * x + 1) % N;
 P = (P * (x1 - x)) % N;

 if (P < 0)
  P += N;
 
 c++;

 if (c == 20) {
  g = GCD(P, N);
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  if (g > 1)
   goto L4;
  else {
   y = x;
   c = 0;
  }
 }

 k--;

 if (k != 0)
  goto L2;

 g = GCD(P, N);

 if (g > 1)
  goto L4;

 else
 {
  x1 = x;
  k = l;
  l = 2 * l;

  for (i = 0; i < k; i++)
   x = (x * x + 1) % N;

  y = x;
  c = 0;
  goto L2;
 }
L4:
 do
 {
  y = (y * y + 1) % N;
  g = GCD(x1 - y, N);
 } while (g <= 1);

 if (g < N)
 {
  int e = 0;

  while (N % g == 0)
  {
   e++;
   N /= g;
  }
  
  if (RabinMiller(g) && g > limit)
   return g;
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  if (RabinMiller(N) && N > limit)
   return N;
 }

 return 0;
}

long long PMOFirstStage(long long N, long long* x) {
 /* see Cohen Algorithm 8.2.2 page 439 */
 int c = 0, i = -1, ii = 0, j = i;
 long l = 0;
 long long g = 0, q = 0, q1 = 0, y = 0;

 *x = 2;
 y = *x;
 prime = 2;
 for (ii = 0; ii < SIEVE_COUNT1; ii++)
  p1[ii] = NextPrime(B1);
 prime = 2;
L2:
 i++;
 if (i == SIEVE_COUNT1) {
  g = GCD(*x - 1, N);

  if (g == 1)
   return 0;
  else {
   i = j;
   *x = y;
   goto L5;
  }
 }
 else {
  q = p1[i];
  q1 = q;
  l = (long)(B1 / q);
 }
 while (q1 <= l)
  q1 *= q;
 *x = PowMod(*x, q1, N);
 c++;
 if (c < 20)
  goto L2;
 g = GCD(*x - 1, N);
 if (g == 1) {
  c = 0;
  j = i;
  y = *x;
  goto L2;
 }
 else {
  i = j;
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  *x = y;
 }
L5:
 i++;
 q = p1[i];
 q1 = q;
L6:
 *x = PowMod(*x, q, N);
 g = GCD(*x - 1, N);
 if (g == 1) {
  q1 *= q;
  if (q1 <= B1)
   goto L6;
  else
   goto L5;
 }
 else if (g < N)
  return g;
 else if (g == N)
  return 0;
 return 0;
}

long long PMOSecondStage(long long N) {
 /* see Cohen Algorithm 8.8.3 page 441 */
 int c = 0, count = 0, i = 0, ii = 0, j = 0;
 long long P = 0, b = 0, g = 0, x = 0, y = 0;

 g = PMOFirstStage(N, &x);
 if (g != 0)
  return g;
 b = x;
 c = 0;
 P = 1;
 i = -1;
 j = i;
 y = x;
 prime = 2;
 for (ii = 0; ii < SIEVE_COUNT2; ii++)
  p2[ii] = NextPrime(B2);
 prime = 2;
 for (ii = 0; ii < SIEVE_COUNT2 - 1; ii++) {
  long t1 = p2[ii], t2 = 0;
  if (t1 >= B1) {
   t2 = p2[ii + 1];
   d2[count] = t2 - t1;
   b2[count] = (long)PowMod(b, (long long)d2[count], N);
   count++;
  }
 }
 prime = 2;
 x = PowMod(x, p1[SIEVE_COUNT1 - 1], N);
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L3:
 i++;
 x *= PowMod(b, d2[i], N);
 P *= (x - 1);
 c++;
 if (i >= SIEVE_COUNT2)
  goto L6;
 if (c < 20)
  goto L3;
 g = GCD(x - 1, N);
 if (g == 1) {
  c = 0;
  j = i;
  y = x;
  goto L3;
 }
L5:
 i = j;
 x = y;
 do {
  x = PowMod(b, d2[i], N);
  i++;
  g = GCD(x - 1, N);
 } while (g == 1);
 if (g < N)
  return g;
 if (g == N)
  return 0;
L6:
 g = GCD(P, N);
 if (g == 1)
  return 0;
 goto L5;
}

int GoldwasserKilian(long long N, long B0) {
 /* returns 0 if N is composite 1 if prime */
 int i = 0, ssl = 0;
 double runtime = 0.0;
 long long Ni = N, a = 0, b = 0, d = 0, limit = 0;
 long long bpr = 0, m = 0, p = 0, pmo = 0, q = 0, x = 0, y = 0;
 ECPOINT P = { 0 }, P1 = { 0 }, P2 = { 0 };
 clock_t time0 = clock(), time1 = 0;
 HANDLE hStdout = NULL;
 TCHAR msgBuf[BUF_SIZE] = { 0 };
 size_t cchStringSize;
 DWORD dwChars;

 hStdout = GetStdHandle(STD_OUTPUT_HANDLE);
 if (hStdout == INVALID_HANDLE_VALUE)
  return 1;
 Sieve(SIEVE_LIMIT2);
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 time1 = clock();
 runtime = ((double)time1 - time0) / CLOCKS_PER_SEC;
 printf_s("Prime sieving time = %lf\n", runtime);
L2:
L3:
 limit = (long long)sqrt(sqrt((double)Ni)) + 1;
 if (Ni <= B0) {
  p = 2;
  while (p <= (long long)sqrt((double)Ni)) {
   if (Ni % p == 0) {
    printf_s("1 factor = %lld\n", p);
    return 0;
   }
   else if (p > limit)
    break;
   p++;
   while (!GetBit((long)p, sieve)) p++;
  }
  return 1;
 }
 if (!RabinMiller(Ni)) goto L9;
 for (;;) {
  a = RandomRange(1, Ni);
  b = RandomRange(1, Ni);
  m = ((4 * (a * a * a)) % Ni + 27 * (b * b) % Ni) % Ni;
  if (m != 0) break;
 }
 m = ShanksMestre(a, b, Ni);
 p = 2;
 q = 0;
 while (p <= (long long)sqrt((double)m)) {
  if (m % p == 0) {
   if (p > limit) {
    q = p;
    break;
   }
  }
  p++;
  while (!GetBit((long)p, sieve)) p++;
 }
 if (q == 0) {
  bpr = BrentPollardRho(m, limit);
  if (bpr > limit)
   q = bpr;
  else {
   pmo = PMOSecondStage(m);
   if (pmo > limit)
    q = pmo;
   else
    q = m / 2;
  }
 }
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 if (q != 0 && m & 1 || !RabinMiller(q))
  goto L3;
L6:
 while (1) {
  x = RandomRange(1, Ni - 1);
  y = (((x * x) % Ni * x) % Ni + (a * x) + b) % Ni;
  if (y < 0) y += p;
  if (y != 0 && Jacobi(y, Ni) != -1)
   break;
 }
 y = SquareRootModPrime(y, Ni);
 if (y == 0)
  goto L9;
 P.x = x;
 P.y = y;
 Multiply(a, m, Ni, P, &P1);
 if (!(P1.x == 0 && P1.y == 1))
  goto L6;
 Multiply(a, m / q, Ni, P, &P2);
 if (P2.x == 0 && P2.y == 1)
  goto L6;
 StringCchPrintf(msgBuf, 255,
  TEXT("N[%d] = %lld\n"), i, Ni);
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
  &dwChars, NULL);
 StringCchPrintf(msgBuf, BUF_SIZE, TEXT("a = %lld\n"), a);
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
  &dwChars, NULL);
 StringCchPrintf(msgBuf, BUF_SIZE, TEXT("b = %lld\n"), b);
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
  &dwChars, NULL);
 StringCchPrintf(msgBuf, BUF_SIZE, TEXT("m = %lld\n"), m);
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
  &dwChars, NULL);
 StringCchPrintf(msgBuf, BUF_SIZE, TEXT("q = %lld\n"), q);
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
  &dwChars, NULL);
 StringCchPrintf(msgBuf, BUF_SIZE,
  TEXT("P = (%lld, %lld)\n"), P.x, P.y);
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
  &dwChars, NULL);
 StringCchPrintf(msgBuf, BUF_SIZE,
  TEXT("P1 = (%lld, %lld)\n"), P1.x, P1.y);
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
  &dwChars, NULL);
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 StringCchPrintf(msgBuf, BUF_SIZE,
  TEXT("P2 = (%lld, %lld)\n"), P2.x, P2.y);
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
  &dwChars, NULL);
 i++;
 Ni = q;
 goto L2;
L9:
 if (i == 0) return 0;
 i--;
 goto L3;
}

void test_1(void) {
 int i;
 long long a = 1, b = 6, p = 11;
 ECPOINT P = { 2, 7 }, R;

 for (i = 1; i <= 12; i++) {
  Multiply(a, i, p, P, &R);
  printf_s("%2d(%2lld, %2lld) = (%2lld, %2lld)\n",
   i, P.x, P.y, R.x, R.y);
 }
 printf_s("|E(F_%lld)| = %lld\n", p, Cardinality(a, b, p));
 printf_s("Rabin_Miller(127) = %lld\n", RabinMiller(127));
 printf_s("Rabin_Miller(499) = %lld\n", RabinMiller(499));
}

void test_2(void) {
 long long a = 1, b = 1, p = 5;
 printf_s("|E(F_%lld)| = %lld\n", p, Cardinality(a, b, p));
}

long long ParseNumber(char numStr[], long long* n) {
 char c = 0, expStr[32] = { 0 };
 char addStr[32] = { 0 }, radStr[32] = { 0 };
 char* karet = NULL, * nsign = NULL, * psign = NULL;
 long long radix = 0, expon = 0, addme = 0;
 long long error = 0, i = 0, j = 0, l = 0;

 karet = strchr(numStr, '^');
 nsign = strchr(numStr, '-');
 psign = strchr(numStr, '+');
 l = strlen(numStr);

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

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



...wasserKilianPrimalityTest\GoldwasserKilianPrimalityTest.c 21
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092

  }

  if (i == l)
  {
   *n = atoll(numStr);
   return 1;
  }

  else
   return -1;

  if (j == 0)
   return -2;
 }

 else if (karet) {
  c = numStr[0];
  i = j = 0;

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

   if (c != '^')
    radStr[j++] = c;
   else if (c == '^')
    break;
  }

  radStr[j] = '\0';
  radix = atol(radStr);

  if (psign && !nsign)
   c = *(psign + 1);
  else if (!psign && nsign)
   c = *(nsign + 1);
  else
   return -3;

  j = 0;

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

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

  if (j == 0)
   return -4;

  expStr[j++] = '\0';
  expon = atol(expStr);
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  if (i == l) {
   *n = (long long)pow(
    (double)radix, (double)expon) + addme;
   return 1;
  }

  j = 0;
  c = numStr[i];

  while (
   (c >= '0' && c <= '9') && (i < l)) {
   if (c >= '0' && c <= '9')
    addStr[j++] = c;
   c = numStr[i++];
  }

  if (j != 0)
  {
   addStr[j] = '\0';

   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;
}

//https://learn.microsoft.com/en-us/windows/win32/procthread/creating-threads

typedef struct tagThreadData
{
 long long N;
 long B0;
} THREADDATA, * PTHREADDATA;

void ErrorHandler(LPCTSTR lpszFunction)
{
 // Retrieve the system error message for the last-error code.
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 LPVOID lpMsgBuf = NULL;
 LPVOID lpDisplayBuf = NULL;
 DWORD dw = GetLastError();

 FormatMessage(
  FORMAT_MESSAGE_ALLOCATE_BUFFER |
  FORMAT_MESSAGE_FROM_SYSTEM |
  FORMAT_MESSAGE_IGNORE_INSERTS,
  NULL,
  dw,
  MAKELANGID(LANG_NEUTRAL, SUBLANG_DEFAULT),
  (LPTSTR)&lpMsgBuf,
  0, NULL);

 // Display the error message.

 lpDisplayBuf = (LPVOID)LocalAlloc(LMEM_ZEROINIT,
  (lstrlen((LPCTSTR)lpMsgBuf) + lstrlen((LPCTSTR)lpszFunction) + 40) * 

sizeof(TCHAR));
 int ssl = StringCchPrintf((LPTSTR)lpDisplayBuf,
  LocalSize(lpDisplayBuf) / sizeof(TCHAR),
  TEXT("%s failed with error %d: %s"),
  lpszFunction, dw, lpMsgBuf);
 if (ssl == 0 || lpDisplayBuf == NULL)
  return;
 MessageBox(NULL, (LPCTSTR)lpDisplayBuf, TEXT("Error"), MB_OK);

 // Free error-handling buffer allocations.

 LocalFree(lpMsgBuf);
 LocalFree(lpDisplayBuf);
}

DWORD WINAPI MyThreadFunction(LPVOID lpParam)
{
 double runtime = 0.0;
 clock_t time0 = 0, time1 = 0;

 HANDLE hStdout;
 PTHREADDATA pDataArray;
 TCHAR msgBuf[BUF_SIZE] = { 0 };
 size_t cchStringSize;
 DWORD dwChars;

 // Make sure there is a console to receive output results. 

 hStdout = GetStdHandle(STD_OUTPUT_HANDLE);
 if (hStdout == INVALID_HANDLE_VALUE)
  return 1;

 // Cast the parameter to the correct data type.
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 // The pointer is known to be valid because 
 // it was checked for NULL before the thread was created.

 pDataArray = (PTHREADDATA)lpParam;

 // Print the parameter values using thread-safe functions.

 StringCchPrintf(msgBuf, BUF_SIZE, TEXT("Parameters = %d, %d, %lld\n"),
  pDataArray->B0, pDataArray->B0, pDataArray->N);
 int ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 if (ssl != 0)
  WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize, &dwChars, NULL);

 time0 = clock();

 int gk = GoldwasserKilian(
  pDataArray->N,
  pDataArray->B0);

 if (gk == 0)
  StringCchPrintf(msgBuf, BUF_SIZE,
   TEXT("Goldwasser-Kilian algorithm failed\n"));
 else if (gk == 1)
  StringCchPrintf(msgBuf, BUF_SIZE,
   TEXT("number is proven prime\n"));
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);
 if (ssl == 0)
  WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
   &dwChars, NULL);

 time1 = clock();
 runtime = ((double)time1 - time0) / CLOCKS_PER_SEC;

 StringCchPrintf(msgBuf, BUF_SIZE,
  TEXT("runtime in seconds = %lf\n"), runtime);
 ssl = StringCchLength(msgBuf, BUF_SIZE, &cchStringSize);

 if (ssl == 0)
  WriteConsole(hStdout, msgBuf, (DWORD)cchStringSize,
   &dwChars, NULL);
 return 0;
}

int StartThread(long B0, long long N) {
 PTHREADDATA pDataArray[MAX_THREADS] = { 0 };
 DWORD dwThreadIdArray[MAX_THREADS] = { 0 };
 HANDLE hThreadArray[MAX_THREADS] = { 0 };
 // Create MAX_THREADS worker threads.
 for (int i = 0; i < MAX_THREADS; i++)
 {
  // Allocate memory for thread data.
  pDataArray[i] = (PTHREADDATA)HeapAlloc(
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   GetProcessHeap(), HEAP_ZERO_MEMORY, sizeof(THREADDATA));

  if (pDataArray[i] == NULL) {
   // If the array allocation fails, the system is out of memory
   // so there is no point in trying to print an error message.
   // Just terminate execution.
   ExitProcess(2);
  }
  // Generate unique data for each thread to work with.
  pDataArray[i]->B0 = B0;
  pDataArray[i]->N = N;
  // Create the thread to begin execution on its own.
  hThreadArray[i] = CreateThread(
   NULL,                   // default security attributes
   0,                      // use default stack size  
   MyThreadFunction,       // thread function name
   pDataArray[i],          // argument to thread function 
   0,                      // use default creation flags 
   &dwThreadIdArray[i]);   // returns the thread identifier 
  // Check the return value for success.
  // If CreateThread fails, terminate execution. 
  // This will automatically clean up threads and memory. 
  if (hThreadArray[i] == NULL) {
   ErrorHandler(TEXT("CreateThread"));
   ExitProcess(3);
  }
 } // End of main thread creation loop.
 // Wait until all threads have terminated.
 DWORD result = WaitForMultipleObjects(MAX_THREADS,
  hThreadArray, TRUE, INFINITE);
 // Close all thread handles and free memory allocations.
 for (int i = 0; i < MAX_THREADS; i++)
 {
  CloseHandle(hThreadArray[i]);
  if (pDataArray[i] != NULL)
  {
   HeapFree(GetProcessHeap(), 0, pDataArray[i]);
   pDataArray[i] = NULL;    // Ensure address is not reused.
  }
 }

 return 0;
}

int main(void)
{
 double runtime = 0;
 long long N;
 clock_t time0 = 0, time1 = 0;
#ifdef DEBUG1
 test_1();
 test_2();
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#endif
 long long pmTest1 = PowMod(9726, 3533, 11413);
 if (pmTest1 != 5761)
 {
  printf_s("fatal error in PowMod function test 1\n");
  exit(-4);
 }
 /* pmTest1 from 1995 Stinson textbook */
 long long pmTest2 = PowMod(5, 596, 1234);
 if (pmTest2 != 1013)
 {
  printf_s("fatal error in PowMod function test 2\n");
  exit(-8);
 }
 /* pmTest2 from "Handbook of Applied Cryptography */
 for (;;) {
  char numStr[32] = { 0 };
  int st = 0;
  long B0 = 0;
  printf_s("number to be tested or 0 to quit:\n");
  scanf_s("%s", numStr, sizeof(numStr));
  if (!ParseNumber(numStr, &N)) {
   printf_s("number parsing error\n");
   continue;
  }
  if (N == 0) break;
  if (N > 2147483647) {
   printf_s("number is too large must be <= 2147483647\n");
   continue;
  }
  if (GCD(N, 6) != 1) {
   printf_s("number must be coprime with 6\n");
   continue;
  }
  if (!RabinMiller(N)) {
   printf_s("number is composite\n");
   continue;
  }
  printf_s("number of primes in factor base:\n");
  scanf_s("%s", numStr, sizeof(numStr));
  B0 = atol(numStr);
  st = StartThread(B0, N);
 }
 return 0;
}


