Programming Assignment 5
Temporary Version: The problems for homework assignment 5 are described below. I may revise a few details slightly (e.g., execution and submission instructions), but the basic problems will remain the same.
Program 1 -Hello World
Execute the "Hello World" solution given in the document posted on the course website on executing the OBR cluster. Show the execution of this program using three different groups of processors (e.g., "obrhosts"). Each of these three groups of processors should have a different number of processors (e.g., obrhosts, obrhosts0_3, etc.) Attach copies of files of these executions to me by email and put 
            PDC HW 5.1 
in the subject line.

--------------------------------------------------------------------------------------------
Program 2- Numerical Integration
Background


The definite integral from a real number a to a real number b, with a <= b, of a nonnegative function f(x) can be viewed as the area bounded by the x-axis, the vertical lines x = a and x = b, and the graph of the function f(x). The integral is the area shaded gray below.
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In calculus, for certain functions f(x), you can learn to calculate this area exactly. However, for some functions, the exact value is either very hard or impossible to determine. One approach to estimating this area is to partition the region into geometric shapes whose area can be easily calculated and adding the areas of the shapes:
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Obviously, the smaller the intervals between a and b that are taken, the better the approximation will be. 

The trapezoidal rule for doing this makes each subarea a trapezoid where the bases, which rest on the x-axis, are of equal length.

So, if there are to be n trapezoids, the base of the ith trapezoid will be (b-a)/n = h long and [a + (i-1)h, a + ih] will form the base, for i = 1,2, …, n.  Let xi denote a + ih, for i=0,1, …n. Then the length of the left side of the trapezoid will be f(xi-1) and its right side will be f(xi).  Then the area of the ith trapezoid will be ½ h[f(xi-1) + f(xi)]. The integral will be the sum of all these trapezoids.

Write an MPI program to compute this integral where n is the number of intervals to use and p is the number of processors. Allow the values of n, a, and b to be input. The function, f(x), is hardwired as specified below.


To make things simpler, ask the user to enter a multiple of p for n and if they don't, increase n so it is the next multiple of p. Thus, if p = 5 and the user enters n as 123, the program should increase n to 125 and tell the user that.  Remember, you can find the value of p used from the command line. 


Only process 0 should do the reading of n, a, and b and the output of the final area although each process should state when it is done and output its area. Note this program is very much like the satisfiability problem except for the interactive input.

Use the following functions for your test runs with the specified a and b values. Note that I did not specify n, but I will test with several values. Two runs are specified.
A)   f(x) = 5     (This one should be easy to calculate and can help you see if things are working).
a=1, b=3     and a= -4, b=5
B) f(x) = x2
a=1, b=3    and a= -5, b=2
C) f(x) =  2x3 + 3x4 + 5    a=1, b=4    and a=3, b=6
D) f(x) = sin(x)cos(x)exp(x2)   a=0, b= 1.5
 Programming Notes: 
· #include <math.h> gives access to the math library in C. 

·  Need to use an extension –lm for compiler call so math.h functions will be recognized by compiler (small letters L and M). That is

“hcc –lm –o”
mpicc –lm –o trap trap2.c

· The % specifiers that you can use in ANSI C for input and output are:
      Usual variable type           Display

%c        char                     single character

%d (%i)   int                      signed integer

%e (%E)   float or double          exponential format

%f        float or double          signed decimal

%g (%G)   float or double          use %f or %e as required


For double output, the format is as we have seen except use %f or %e:
printf("The value stored in a is %f\n",a);


For double input, use:

printf("\nEnter the first number:  ");

scanf("%f",&a);
Additional comments: This problem is similar to Problem 4.11. This approximation method works fairly well as long as the function doesn't have a great curvature. A better method is one called Simpson's Rule which approximates with arcs of parabolas rather than line segments. Although non-negative functions were specified, this can be adjusted for any function.

You might find it interesting to see how much the calculation differs from the one you can obtain through calculus methods assuming you know how to calculate the integral. 

Submission of solution:  Show the runs specified for A-D and include the source code for part D.  Put these in an attachment and email it to me. If you have to make any additional restrictions in order to get your solution to run (e.g., hardcoding input), please clearly specify what restrictions you have added. In your email, put the following in subject line:
PDC  HW 5.2






