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// Exercise 1.18 and Exercise 1.19

#include <math.h>
#include <stdio.h>
#include <stdlib.h>

double Energy1(double alpha)
{
 double pi = 4.0 * atan(1.0);
 double N2 = pow(2.0 * alpha / pi, 1.5);
 double energy = N2 *
  (alpha * sqrt(pi / (2.0 * alpha)) -
  (alpha * alpha * sqrt(pi) / 
  pow(2.0 * alpha, 1.5)));
 return energy - 1.0;
}

double Energy2(double alpha)
{
 double pi = 4.0 * atan(1.0);
 double N2 = pow(2.0 * alpha / pi, 1.5);
 double integ1 = 2.0 * sqrt(pi) / 
  (8.0 * pow(2.0 * alpha, 1.5));
 double integ2 = 24.0 * sqrt(pi) /
  (32.0 * 2.0 * pow(2.0 * alpha, 2.5));
 double integ3 = 1.0 / (4.0 * alpha);
 double term1 = 3.0 * alpha * 4.0 * pi * N2 * integ1;
 double term2 = -4.0 / 2.0 * 4.0 * pi * alpha * alpha *
  N2 * integ2;
 double term3 = -4.0 * pi * N2 * integ3;
 double energy = term1 + term2 + term3;
 return energy;
}

double tol(double x)
{
    return (fabs(x) * 1.0e-6 + 1.0e-6);
}

double minin(double* x, double* a, double* b, double (*fx)(double),
 double (*tolx)(double))
{
 double z, c, d = 0, e, m, p, q, r, tol, t, u, v, w, fu, fv, fw, fz;

 c = (3.0 - sqrt(5.0)) / 2.0;
 if (*a > *b) {
  z = *a;
  *a = *b;
  *b = z;
 }
 w = *x = *a;
 fw = (*fx)(*x);
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 z = *x = *b;
 fz = (*fx)(*x);
 if (fz > fw) {
  z = w;
  w = *x;
  v = fz;
  fz = fw;
  fw = v;
 }
 v = w;
 fv = fw;
 e = 0.0;
 while (1) {
  m = (*a + *b) * 0.5;
  tol = (*tolx)(*x);
  t = tol * 2.0;
  if (fabs(z - m) <= t - (*b - *a) * 0.5) break;
  p = q = r = 0.0;
  if (fabs(e) > tol) {
   r = (z - w) * (fz - fv);
   q = (z - v) * (fz - fw);
   p = (z - v) * q - (z - w) * r;
   q = (q - r) * 2.0;
   if (q > 0.0)
    p = -p;
   else
    q = -q;
   r = e;
   e = d;
  }
  if (fabs(p) < fabs(q * r * 0.5) && p > (*a - z) * q && p < (*b - z) * q) 

{
   d = p / q;
   u = z + d;
   if (u - (*a) < t || (*b) - u < t) d = ((z < m) ? tol : -tol);
  }
  else {
   e = ((z < m) ? *b : *a) - z;
   d = c * e;
  }
  u = *x = z + ((fabs(d) >= tol) ? d : ((d > 0.0) ? tol : -tol));
  fu = (*fx)(*x);
  if (fu <= fz) {
   if (u < z)
    *b = z;
   else
    *a = z;
   v = w;
   fv = fw;
   w = z;
   fw = fz;
   z = u;
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   fz = fu;
  }
  else {
   if (u < z)
    *a = u;
   else
    *b = u;
   if (fu <= fw) {
    v = w;
    fv = fw;
    w = u;
    fw = fu;
   }
   else
    if (fu <= fv || v == w) {
     v = u;
     fv = fu;
    }
  }
 }
 *x = z;
 return fz;
}

void PrintResults(
 double energy, double alpha, double error, int exercise)
{
 double pi = 4.0 * atan(1.0);
 if (exercise == 1)
  printf_s("Exercise 1.18 Results\n");
 else
  printf_s("Exercise 1.19 Results\n");
 printf_s("My Best Energy      = %-13.10lf\n", energy);
 printf_s("My Best Alpha       = %+13.10lf\n", alpha);
 printf_s("My Percent Error    = %+13.10lf\n", error);
 if (exercise == 1)
  printf_s("QC Best Energy      = %-13.10lf\n", -1.0 / pi);
 else
  printf_s("QC Best Energy      = %-13.10lf\n", -4.0 / (3.0 * pi));
 printf_s("Experimental Energy = %-13.10lf\n", -0.5);
 if (exercise == 1)
  printf_s("QC Percent Error    = %+13.10lf\n",
   100.0 * fabs(-1.0 / pi + 0.5) / 0.5);
 else
  printf_s("QC Percent Error    = %+13.10lf\n",
   100.0 * fabs(-4.0 / (3.0 * pi) + 0.5) / 0.5);
}

int main()
{
 double alpha1 = 0.0, alpha2 = 0;
 double pi = 4.0 * atan(1.0);
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 double a1 = 1.45;
 double b1 = 1.50;
    double m1 = minin(&alpha1, &a1, &b1, Energy1, tol);
 double e1 = Energy1(alpha1);
 double error1 = 100.0 * fabs(-0.5 - e1) / 0.5;
 PrintResults(e1, alpha1, error1, 1);
 double a2 = 0.25;
 double b2 = 0.50;
 double m2 = minin(&alpha2, &a2, &b2, Energy2, tol);
 double e2 = Energy2(alpha2);
 double error2 = 100.0 * fabs(-0.5 - e2) / 0.5;
 PrintResults(e2, alpha2, error2, 2);
 return 0;
}


