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/*
** Pollard p - 1 integer factoring method
** (c) Wednesday, August 21 and also 1997 
** by James Pate Williams, Jr., BA, BS, MSwE, PhD
** see "A Course in Computational Algebraic Number
** Theory" (c) Henri Cohen 1996 Third Corrected Printing
** 64-bit version largest allowed number is 2^31-1
** which is equal to 2,147,483,647 commas are not
** allowed in inputting a number to factor, however,
** exponential notation such as 2^16-1 is okay
*/

#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

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

/* 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 b = (long)(i % BITS_PER_LONG);
 long c = (long)(i / BITS_PER_LONG);
 return (sieve[c] >> (BITS_PER_LONG_1 - b)) & 1L;
}

void SetBit(long i, long v) {
 long b = (long)(i % BITS_PER_LONG);
 long c = (long)(i / BITS_PER_LONG);
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 long mask = 1L << (BITS_PER_LONG_1 - b);
 if (v == 1)
  sieve[c] |= mask;
 else
  sieve[c] &= ~mask;
}

void Sieve() {
 long c, i, inc;
 SetBit(0, 0);
 SetBit(1, 0);
 SetBit(2, 1);
 for (i = 3; i <= B2; i++)
  SetBit(i, i & 1);
 c = 3;
 do {
  i = c * c, inc = c + c;
  while (i <= B2) {
   SetBit(i, 0);
   i += inc;
  }
  c += 2;
  while (!GetBit(c)) c++;
 } while (c * c <= B2);
}

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

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

 if (z < 0)
  z += n;

 return z;
}

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;
}

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

int RabinMiller(long long N, long long* a) {
 /* given an integer N >= 3
 ** returns 0 composite
 ** returns 1 probably prime
 ** see Cohen Algorithm 8.2.2 page 422
 */
 long long N1 = N - 1, 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 1;
}

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 {
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   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;
  *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;
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 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++;
  }
 }
 x = PowMod(x, p1[SIEVE_COUNT1 - 1], N);
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;
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L6:
 g = GCD(P, N);
 if (g == 1)
  return 0;
 goto L5;
}

void DoSingletonsSort(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;
 PRIMEEXPONENT t = { 0 }, tt = { 0 };
Label1:
 if (i >= j)
  goto Label8;
 goto Label2;
Label2:
 k = i;
 ij = (j + i) / 2;
 t = pev[ij];
 if (pev[i].prime <= t.prime)
  goto Label3;
 pev[ij] = pev[i];
 pev[i] = t;
 t = pev[ij];
 goto Label3;
Label3:
 l = j;
 if (pev[j].prime >= t.prime)
  goto Label5;
 pev[ij] = pev[j];
 pev[j] = t;
 t = pev[ij];
 if (pev[i].prime <= t.prime)
  goto Label5;
 pev[ij] = pev[i];
 pev[i] = t;
 t = pev[ij];
 goto Label5;
Label4:
 pev[l] = pev[k];
 pev[k] = tt;
 goto Label5;
Label5:
 l--;
 if (pev[l].prime > t.prime)
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  goto Label5;
 tt = pev[l];
 goto Label6;
Label6:
 k++;
 if (pev[k].prime < t.prime)
  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 = pev[i + 1];
 if (pev[i].prime <= t.prime)
  goto Label10;
 k = i;
 goto Label11;
Label11:
 pev[k + 1] = pev[k];
 k--;
 if (t.prime < pev[k].prime)
  goto Label11;
 pev[k + 1] = t;
 goto Label10;
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}

void SingletonsSort(int n) {
 DoSingletonsSort(0, n - 1);
}

long long PrimePowerTest(long long n) {
 /* see Cohen Algorithm 1.7.5 page 42 */
 long long a = 0, d = 0, p = 0, q = 0;

 if ((n & 1) == 0) {
  p = 2;
  goto L4;
 }
 else
  q = n;
L2:
 if (RabinMiller(q, &a)) {
  p = q;
  goto L4;
 }
 d = GCD(PowMod(a, q, n) - a, q);
 if (d == 1 || d == q)
  return 0;
 q = d;
 goto L2;
L4:
 if (!RabinMiller(p, &a)) {
  q = p;
  goto L2;
 }
 while (n > 1) {
  if (n % p != 0)
   return 0;
  n /= p;
 }
 if (n == 1)
  return p;
 return 0;
}

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

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

  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;
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  }

  if (j == 0)
   return -4;

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

  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;
}

int main(void)
{
 double runtime = 0;
 clock_t time0 = 0, time1 = 0;
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 time0 = clock();
 Sieve();
 time1 = clock();
 runtime = ((double)time1 - time0) / CLOCKS_PER_SEC;
 printf_s("prime number sieve creation\n");
 printf_s("time in seconds = %lf\n", runtime);
 long long em1 = PowMod(9726, 3533, 11413);
 long long em2 = PowMod(5, 596, 1234);
 for (;;) {
  char numStr[32] = { 0 };
  int i = 0, peCount = 0;
  long long a = 0, g = 0, N = 0, power = 0;

  printf_s("number to be factored 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 (RabinMiller(N, &a)) {
   printf_s("number is prime\n");
   continue;
  }

  power = PrimePowerTest(N);

  if (power >= 2) {
   printf_s("prime powers are not allowed\n");
   continue;
  }

  time0 = clock();
  peCount = 0;

  for (;;) {
   g = PMOSecondStage(N);
   if (g == 0)
    break;
   pev[peCount].exponent = 0;
   while (N % g == 0) {
    pev[peCount].exponent++;
    N /= g;
   }
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   pev[peCount++].prime = g;
   if (N == 1)
    break;
   if (RabinMiller(N, &a)) {
    pev[peCount].exponent = 1;
    pev[peCount++].prime = N;
    break;
   }
  }
  if (g == 0 && peCount == 0) {
   printf_s("Pollard p - 1 failure\n");
   continue;
  }
  SingletonsSort(peCount);
  for (i = 0; i < peCount; i++) {
   int rm = RabinMiller(pev[i].prime, &a);
   char ch = rm == 1 ? 'p' : 'c';
   printf_s("%d\t%lld\t%d\t%c\n",
    i + 1, pev[i].prime, pev[i].exponent, ch);
  }
  time1 = clock();
  runtime = ((double)time1 - time0) / CLOCKS_PER_SEC;
  printf_s("factoring time in seconds = %lf\n", runtime);
 }
 return 0;
}


