Supercomputing Applications

Lab 10 Report Form - MPI Programming #6

Parallel Programming Application 2

Numerical Integration Using the Trapezoidal Rule

1. Your name: Daniel Schafer, Period: 7, Date 15 March 2006

2. What functions are you testing your program with (choose 3) and under what x1 and x2 bounds?

x^2, x^3, x^4; each from 0 to 1.

3. Run your program with increasing numbers of processors and with several values of n, the number of trapezoids. Time the results using time mpirun ... . Print your results: 

  
For n = 1024

    
   # of processers    Time

      
  1                 2.428

       
  2                 2.525

        
  4                 2.791


        8                 4.825

              16                6.729

4. Graph the results with Gnuplot for several different values of n. Do you see any tendencies or patterns?

5. Integrate each of your functions with calculus theory and print or paste in a comparison of your trapezoidal rule results with the theoretical results.

int(x^2,0,1) = 1/3; my result = .333333

int(x^3,0,1) = 1/4; my result = .250000

int(x^4,0,1) = 1/5; my result = .200000

6. Paste in or attach your code

#include <stdio.h>

#include "mpi.h"

/* If you'd like to use this external function to calculate each trapezoid...  */

double Trap( double local_a, double local_b, int local_n, double h)

{

  double integral=0.0;  /* Store result in 'integral' */

  double x;

  double i;

  double f(double x);  /* function being integrated */

  for (i=local_a; i<local_b; i+=h)

  {

   integral += h*(f(i) + f(i+h))/2;

  }

  return integral;

}

int main(int argc, char **argv)

{

  double a = 0.0;

  double b = 1.0;

  int n = 1024;

  double h;

  double local_a; /* Left endpoint of the process */

  double local_b; /* Right endpoint of the process */

  int local_n;   /*  Number of trapezoids for one process's calculation */

  double integral;  /* Integral over one process's interval */

  double total;     /* Total integral */

  int source;       /* one process sending an integral */

  int dest = 0;     /* all processes send to 0 */

  int tag  = 0;

  int rank, size;

  MPI_Status status;

  MPI_Init(&argc, &argv);

  MPI_Comm_rank(MPI_COMM_WORLD, &rank);

  MPI_Comm_size(MPI_COMM_WORLD, &size);

  h = (b - a)/n;

  local_n = n/size;

/* Length of each process's interval of integration = local_n * h.  

   So each process's interval starts at: */

  local_a = a + rank*(local_n*h);

  local_b = local_a + local_n * h;

  integral = Trap(local_a, local_b, local_n, h);

  printf("Red %d standing by.\n",rank);

  MPI_Reduce(&integral, &total, 1, MPI_DOUBLE, MPI_SUM, dest, MPI_COMM_WORLD); 

  if (rank == 0)

  {

    printf("With n = %d trapezoids, the estimate ",n);

    printf("of the integral from %lf to %lf = %lf\n", a, b, total);

  }

  MPI_Finalize();

  return 0;

}

double f(double x) {

  return x * x;

}

