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Final Exam
1.  (20%) Write a parallel MPI (C or Fortran) program to perform matrix-vector multiplication, c = A ( b, based on rowwise block-striped decomposition of A and c and replicated b.
Answer:
main(int argc, char *argv[])

{

    MPI_DOUBLE **A, *b, *c, *c_block, *storage;

    int i, j, m, n, nprime, rows;
    int p, id;

    MPI_Init(&argc, &argv);
    MPI_Comm_rank(MPI_COMM_WORLD, &id);

    MPI_Comm_size(MPI_COMM_WORLD, &p);
    read_row_striped_matrix(argv[1], &A, &storage, MPI_DOUBLE, &m, &n,
 MPI_COMM_WORLD);

    read_replicated_vector(argv[2], &b, MPI_DOUBLE, 
&nprime, MPI_COMM_WORLD);

    rows = BLOCK_SIZE(id, p, m);

    c_block = (MPI_DOUBLE *) malloc(rows * sizeof(MPI_DOUBLE));

    c = (MPI_DOUBLE *) malloc(n * sizeof(MPI_DOUBLE));
    for (i = 0; i < rows; i++) {

        c_block [i] = 0;

        for (j = 0; j < N; j++) {

            c_block[i] += A[i][j] * b[j];

        }

    }

    replicate_block_vector(c_block, n, c, MPI_DOUBLE, 

MPI_COMM_WORLD);
    if (!id) { print_vector(c, m); }
    MPI_Finalize();

    return 0;

}
2.  (20%) Write a manager-worker style parallel MPI (C or Fortran) program to perform matrix-vector multiplication. The manager process should read the vector from a file and distribute a copy of it to all of the workers. Next, the manager should read the matrix from a file and distribute rows of the matrix to the worker processes on demand. For each row the manager sends a worker, it should receive in return an element of the solution vector. After all of the results have been received, the manager should print the product vector to standard output.
Answer:
main(int argc, char *argv[])

{

    int p, id;

    MPI_Init(&argc, &argv);
    MPI_Comm_rank(MPI_COMM_WORLD, &id);

    MPI_Comm_size(MPI_COMM_WORLD, &p);

    if (!id) {

        manager(argc, argv, p);

    } else {

        worker();
    }

    MPI_Finalize();

    return 0;

}
void manager(int argc, char *argv[], int p)

{
    MPI_DOUBLE **A, *b, *c, result, *storage;

    int m, n, terminated, assign_cnt, *assigned;

    read_matrix(argv[1], &A, &storage, &m, &n, MPI_DOUBLE);

    read_vector(argv[2], &b, n, MPI_DOUBLE);

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

    MPI_Bcast(b, n, MPI_BOUBLE, 0, MPI_COMM_WORLD);
    c = (MPI_DOUBLE *) malloc(n * sizeof(MPI_DOUBLE));
    terminated = 0;

    assign_cnt = 0;

    assigned = (int *) malloc(p * sizeof(int));

    do {

        MPI_Recv(&result, 1, MPI_DOUBLE, MPI_ANY_SOURCE, 

0, MPI_COMM_WORLD, &status);
        src = status.MPI_SOURCE;

        c[assigned[src]] = result;
        if (assign_cnt < m) {

            MPI_Send(A[assign_cnt], n, MPI_DOUBLE, src, A_VEC,

MPI_COMM_WORLD);
            assigned[src] = assign_cnt++;

        } else {

            MPI_Send(NULL, 0, MPI_DOUBLE, src, WORK_END,

MPI_COMM_WORLD);

            terminated++;

        }

    } while (terminated < (p-1));
    if (!id) { print_vector(c, m); }

}

void worker(void)

{
    int i, n;

    MPI_DOUBLE *a, *b, c;

    MPI_STATUS status;

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

    a = (MPI_DOUBLE *) malloc(n * sizeof(MPI_DOUBLE));

    b = (MPI_DOUBLE *) malloc(n * sizeof(MPI_DOUBLE));

    MPI_Bcast(b, n, MPI_DOUBLE, 0, 0, MPI_COMM_WORLD);
    for (;;) {

        MPI_Recv(a, n, MPI_DOUBLE, 0, ANY_TAG,

MPI_COMM_WORLD, &status);

        if (status.MPI_TAG == A_VEC) {

        c = 0;

        for (i = 0; i < n; i++) { c += a[i] * b[i]; }
            MPI_Send(c, 1, MPI_DOUBLE, 0, REQ, MPI_COMM_WORLD);

        } else {

             break;

        }

    }

}
3.  (20%)
(a) Describe the manager-worker approach to parallel random number generator.
(b) Describe the leapfrog approach to parallel random number generator.

Answer:
(a) A manager process generates random numbers and distributes them to worker processes that consume them.

(b) All processes use the same sequential random number generator. The process with rank r takes every pth element of the sequence, beginning with Xr:
    Xr, Xr+p, Xr+2p….
4.  (20%) Write a parallel OpenMP (C or Fortran) program to perform matrix-vector multiplication.
Answer:
main(int argc, char *argv[])

{

    int A[M, N], b[N], c[M];

    int i, j;

    int t, tid;

    omp_set_num_threads(atoi(argv[1]));

    read_array(A, M, N);

    read_vector(b, N);

#pragma omp parallel private(j)

    {

        tid = omp_get_thread_num();

        t = omp_get_num_threads();

        for (i = tid; i < M; i += t) {

            c[i] = 0;

            for (j = 0; j < N; j++) {

                c[i] += A[i][j] * b[j];

            }

        }

    }

    print_vector(c, M);

}
5.  (20%) Compare MPI and OpenMP.
Answer:

Characteristic





 OpenMP

MPI

Suitable for multiprocessors



Yes


Yes

Suitable for multicomputers



No


Yes

Supports incremental parallelization

Yes


No

Minimal extra code





Yes


No

Explicit control of memory hierarchy

No


Yes
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