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Midterm Exam
1.  (10%) Describe data parallelism and functional parallelism.
Answer:
In data parallelism, concurrent tasks apply the same operations to different elements of a data set.

In functional parallelism, concurrent tasks apply different operations to different data elements.

2.  (10%) Describe the four steps in Ian Foster’s parallel algorithm design.
Answer:
(a) Partitioning: discovering as much parallelism as possible by dividing the computation and the data into pieces.

(b) Communication: determining the communication pattern between concurrent tasks.

(c) Agglomeration: grouping tasks into larger tasks in order to improve performance or simplify programming based on the underlying target architecture.

(d) Mapping: assigning tasks to the physical processors on the underlying target architecture.
3.  (25%) Write a sequential program in C or Fortran that computes the sum 1 + 2 + … + p. Use the four steps of Ian Foster’s design to develop a parallel program with MPI function calls in the following manner. Each process i assigns the value i + 1 to an integer, and then the processes perform a sum reduction of these values. Process 0 should print the result of the reduction. As a way of double-checking the result, process 0 should also compute and print the value p(p + 1)/2.
Answer:

main()
{
    int i, sum;

    sum = 0;

    for (i = 0; i <= P; i++) {

        sum += i;

    }

    printf(“The sum = %d\n”, sum);

}

main(int argc, char *argc[])

{

    int sum, id, p;
    MPI_Init(&argc, &argv);

    MPI_Comm_rank(MPI_COMM_WORLD, &id);

    MPI_Comm_size(MPI_COMM_WORLD, &p);

    sum = id + 1;

    MPI_Reduce(&sum, &sum, 1, MPI_INT, MPI_SUM, 0,

 MPI_COMM_WORLD);

    if (id == 0) {

        printf(“The sum = %d\n”, sum);

    }

    MPI_Finalize();

    return 0;

}
4.  (25%) The simplest harmonic progression is 1/1, 1/2, 1/3, … 
    Let Sn = (ni = 1 1/i.
Write a sequential program in C or Fortran that computes these sums to arbitrary precision after the decimal point. For example, S7 = 2.592857142847, to 12 digits of precision after the decimal point. Use the four steps of Ian Foster’s design to develop a parallel program with MPI function calls in the following manner. Process 0 should query the user for the two parameters, n and d, and broadcast these parameters to the other processes. Processes should work together to compute Sn to d digits of precision after the decimal point. After Sn has been computed, process 0 should print its value.

Answer:

main()
{
    int i, n, d;

double sum;

printf(“Please input n?”);

scanf(“%d”, &n);

printf(“Please input d?”);

scanf(“%d”, &d);

    sum = 0;

    for (i = 1; i <= n; i++) {

        sum += 1/i;

    }

    printf(“The sum = %.*d\n”, d, sum);

}

main(int argc, char *argc[])

{

    int i, n, d, id, p;

double sum;

    MPI_Init(&argc, &argv);

    MPI_Comm_rank(MPI_COMM_WORLD, &id);

    MPI_Comm_size(MPI_COMM_WORLD, &p);

    if (id == 0) {
printf(“Please input n?”);

scanf(“%d”, &n);

printf(“Please input d?”);

scanf(“%d”, &d);

    }

    MPI_Bcast(&n, 1, MPI_INT, 0, MPI_COMM_WORLD);

    for (i = id; i <= n; i += p) {

        sum += 1/i;

    }

    MPI_Reduce(&sum, &sum, 1, MPI_DOUBLE, MPI_SUM, 0,

 MPI_COMM_WORLD);

    if (id == 0) {

        printf(“The sum = %.*d\n”, d, sum);
    }

    MPI_Finalize();

    return 0;

}
5.  (20%) Consider a version of Floyd’s algorithm based on the following data decomposition. Suppose p is a square number and n is a multiple of (p. In this data decomposition, each process is responsible for a square submatrix of A of size (n / (p) ( (n / (p).
(a) Describe the communications necessary for every iteration of the outer loop of the algorithm.
(b) Derive an expression for the communication time of the parallel algorithm, as a function of n, p, (, and (.

Answer:

(a) The processors are logically organized onto a square mesh. During each iteration of the outer loop of the algorithm, a process needs access to a[i][k] and a[k][j] in order to update a[i][j]. Hence, every process controlling a portion of row k must broadcast it to other processes in the same column of the process mesh. Similarly, every process controlling a portion of column k must broadcast it to other processes in the same row of the process mesh. Note that the (p broadcasts across rows of the process mesh may take place simultaneously. The (p broadcasts across columns of the process mesh may also take place simultaneously.
(b) During each iteration, there are two broadcast phases. The communication time is the same for both phases. A total of n/(p data items, each of length 4 bytes, are broadcast among a group of (p processes. The time needed for the broadcast is

    (log (p((( + 4n/((p ())

Since there are two broadcast phases per iteration and n iterations, the total communication time is

    2n(log (p((( + 4n/((p ())

6. (5%) If a parallel program achieves a speedup of 9 on 10 processors. What is the maximum fraction of the computation that may consist of inherently sequential operations?
Answer:

     ( ( 1/(f + (1 – f)/p)
( 9 ( 1/(f + (1 – f)/10)

( 9 ( 1/(f + 0.1 – 0.1f)

( 9f + 0.9 – 0.9f ( 1

( 8.1f ( 0.1

( f ( 0.0123

7. (5%) If a parallel program spends 99 percent of its execution time inside parallel code on 40 processors, what is the scaled speedup of this program?
Answer:

40 + (1 – 40) 0.01 = 39.6.
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