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第十四章
基于消息传递的并行编程
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 $ mpicc -o mpi_hello mpi_hello.c

在并行环境中的多台计算机上同时执行该程序，要将编译
好的程序复制到不同的机器上

 $ mpirun -np 6 mpi_hello

From process 0 out of 6, Hello World! 

From process 1 out of 6, Hello World!

From process 3 out of 6, Hello World!

F 2 f 6 H ll W ld!From process 2 out of 6, Hello World!

From process 4 out of 6, Hello World!

From process 5 out of 6, Hello World!
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int a[10],b[10],npes,myrank;

MPI_Status status;

…

MPI_Comm_size(MPI_COMM_WORLD,&npes);

MPI_Comm_rank(MPI_COMM_WORLD,&myrank);

MPI_SendRecv(a,10,MPI_INT,(myrank+1)%npes, 1, 
b,10,MPI_INT,(myrank-1+npes)%npes, 1, 
MPI COMM WORLD &status);MPI_COMM_WORLD, &status);

…
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Cannon's�Matrix-Matrix�Multiplication�
with�MPI's�Topologies�

 n The dimension of the matrices 
 The parameters a, b, and c point to the locally stored portions 

of the matrices A, B, and C, respectively. 
 The size of these arrays is                         , where p is the 

number of processes. 
 This routine assumes that p is a perfect square and that n is a 

multiple of         . 
 The parameter comm stores the communicator describing the The parameter comm stores the communicator describing the 

processes that call the MatrixMatrixMultiply function.

MatrixMatrixMultiply(int n, double *a, 
double *b, double *c, MPI_Comm comm) 

1 MatrixMatrixMultiply(int n, double *a, double *b, 

2                         double *c, MPI_Comm comm) {

3    int i, nlocal, npes, dims[2], periods[2]; 

4    int myrank, my2drank, mycoords[2]; 

5    int uprank, downrank, leftrank, rightrank, coords[2]; 

6 int shiftsrc shiftdest;6    int shiftsrc, shiftdest; 

7    MPI_Status status; 

8    MPI_Comm comm_2d; 

9    /* Get the communicator related information */ 

10    MPI_Comm_size(comm, &npes); 

11    MPI_Comm_rank(comm, &myrank); 

12    /* Set up the Cartesian topology */ 

13    dims[0] = dims[1] = sqrt(npes); 

14    /* Set the periods for wraparound connections */ 
15    periods[0] = periods[1] = 1; 

16    /* Create the Cartesian topology, with rank reordering */ 

17    MPI_Cart_create(comm, 2, dims, periods, 1, &comm_2d);

18    /* Get the rank and coordinates */ 

19    MPI_Comm_rank(comm_2d, &my2drank); 

20    MPI_Cart_coords(comm_2d, my2drank, 2, mycoords); 

21

22    /* Determine the dimension of the local matrix block */ 

23 nlocal = n/dims[0];23    nlocal  n/dims[0]; 

34 

25    /* Perform the initial matrix alignment. */ 

26    MPI_Cart_shift(comm_2d, 0, -mycoords[0], &shiftsrc
&shiftdest); 

27    MPI_Sendrecv_replace(a, nlocal*nlocal, MPI_DOUBLE, 
shiftdest, 1, shiftsrc, 1, comm_2d, &status); 

( [ ]28    MPI_Cart_shift(comm_2d, 1, -mycoords[1], &shiftsrc, 
&shiftdest); 

29    MPI_Sendrecv_replace(b, nlocal*nlocal, MPI_DOUBLE, 

30        shiftdest, 1, shiftsrc, 1, comm_2d, &status); 
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31    /* Get into the main computation loop */ 

32    for (i=0; i<dims[0]; i++) { 

33      MatrixMultiply(nlocal, a, b, c); /*c=c+a*b*/ 

34
35    /* Compute ranks of the up and left shifts */ 

36    MPI_Cart_shift(comm_2d, 0, -1, &rightrank, &leftrank); 

( )37    MPI_Cart_shift(comm_2d, 1, -1, &downrank, &uprank);

38      /* Shift matrix a left by one */ 

39      MPI_Sendrecv_replace(a, nlocal*nlocal, MPI_DOUBLE, 

40          leftrank, 1, rightrank, 1, comm_2d, &status); 

41      /* Shift matrix b up by one */ 

42      MPI_Sendrecv_replace(b, nlocal*nlocal, MPI_DOUBLE, 

43          uprank, 1, downrank, 1, comm_2d, &status); 

44    } 
45    /* Restore the original distribution of a and b */ 

46    MPI_Cart_shift(comm_2d, 0, +mycoords[0], &shiftsrc, 
&shiftdest); 

47    MPI_Sendrecv_replace(a, nlocal*nlocal, MPI_DOUBLE, 

48      shiftdest, 1, shiftsrc, 1, comm_2d, &status);  

49    MPI_Cart_shift(comm_2d, 1, +mycoords[1], &shiftsrc, &shiftdest); 

50    MPI_Sendrecv_replace(b, nlocal*nlocal, MPI_DOUBLE, 

51        shiftdest, 1, shiftsrc, 1, comm_2d, &status); 

52 

53    MPI_Comm_free(&comm_2d); /* Free up communicator */ 

54 }54  } 

55 

56  /* This function performs a serial matrix-matrix multiplication c = a*b */ 

57  MatrixMultiply(int n, double *a, double *b, double *c) 

58  { 

59    int i, j, k; 

60 

61    for (i=0; i<n; i++) 

62      for (j=0; j<n; j++) 

63        for (k=0; k<n; k++) 

64          c[i*n+j] += a[i*n+k]*b[k*n+j]; 

65  } 
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Non-Blocking�Cannon's�Matrix-Matrix�
Multiplication

 n The dimension of the matrices 
 The use of the additional arrays a_buffers and b_buffers, that 

are used as the buffer of the blocks of A and B that are being 
received while the computation involving the previous blocks 
if performed.



1 MatrixMatrixMultiply_NonBlocking(int n, double *a, 

double *b, double *c, MPI_Comm comm) 

2 {

3    int i, j, nlocal, npes, dims[2], periods[2]; 

4    int myrank, my2drank, mycoords[2]; 

5    int uprank, downrank, leftrank, rightrank, coords[2]; 

6    int shiftsrc, shiftdest; 

7 double *a_buffers[2], *b_buffers[2];

8  MPI_Status status; MPI_Comm comm_2d; 

9  MPI_Request reqs[4];

10 /* Get the communicator related information */ 

11    MPI_Comm_size(comm, &npes); 

12    MPI_Comm_rank(comm, &myrank); 
13    /* Set up the Cartesian topology */ 

14    dims[0] = dims[1] = sqrt(npes); 
15    /* Set the periods for wraparound connections */ 
16    periods[0] = periods[1] = 1; 

17    /* Create the Cartesian topology, with rank reordering */ 

18    MPI_Cart_create(comm, 2, dims, periods, 1, &comm_2d);

18    /* Get the rank and coordinates */ 

19    MPI_Comm_rank(comm_2d, &my2drank); 

20    MPI_Cart_coords(comm_2d, my2drank, 2, mycoords); 
22    /* Determine the dimension of the local matrix block */ 

23    nlocal = n/dims[0]; 
/* Setup the a_buffers and b_buffers array. */

[ ]a_buffers[0] = a;

a_buffers[1]=(double *)malloc(nlocal*nlocal*sizeof(double));

b_buffers[0] = b;

b_buffers[1]=(double *)malloc(nlocal*nlocal*sizeof(double));

/* Perform the initial matrix alignment. */ 

MPI_Cart_shift(comm_2d, 0, -mycoords[0], &shiftsrc
&shiftdest); 

( [ ]MPI_Sendrecv_replace(a_buffers[0], nlocal*nlocal,MPI_DOUBLE, 
shiftdest, 1, shiftsrc, 1, comm_2d, &status); 

MPI_Cart_shift(comm_2d, 1, -mycoords[1], &shiftsrc, 
&shiftdest); 

MPI_Sendrecv_replace(b_buffers[0], nlocal*nlocal,MPI_DOUBLE, 

shiftdest, 1, shiftsrc, 1, comm_2d, &status); 

31   /* Get into the main computation loop */ 

32   for (i=0; i<dims[0]; i++) { 

36    MPI_Cart_shift(comm_2d, 0, -1, &rightrank, &leftrank); 

37      MPI_Cart_shift(comm_2d, 1, -1, &downrank, &uprank);

33      MPI_Isend(a_buffers[i%2], nlocal*nlocal, MPI_DOUBLE, 
leftrank, 1, comm_2d, &reqs[0]);

MPI_Isend(b_buffers[i%2], nlocal*nlocal, MPI_DOUBLE, 
uprank, 1, comm_2d, &reqs[1]);

MPI_Irecv(a_buffers[(i+1)%2], nlocal*nlocal, MPI_DOUBLE, 
rightrank, 1, comm_2d, &reqs[2]);

MPI_Irecv(b_buffers[(i+1)%2], nlocal*nlocal, MPI_DOUBLE, 
downrank, 1, comm_2d, &reqs[3]);

MatrixMultiply(nlocal, a_buffer[i%2], b_buffer[i%2], c); 
/*c=c+a*b*/

for (j=0;j<4;j++) MPI Wait(&reqs[j] &status);for (j=0;j<4;j++) MPI_Wait(&reqs[j],&status);

}

45    /* Restore the original distribution of a and b */ 

46    MPI_Cart_shift(comm_2d, 0, +mycoords[0], &shiftsrc, 
&shiftdest); 

47    MPI_Sendrecv_replace(a_buffers[0], nlocal*nlocal, MPI_DOUBLE, 
shiftdest, 1, shiftsrc, 1, comm_2d, &status);  
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MPI_Cart_shift(comm_2d,1,+mycoords[1],&shiftsrc,&shiftdest); 

50    MPI_Sendrecv_replace(b_buffers[0], nlocal*nlocal, MPI_DOUBLE, 
shiftdest, 1, shiftsrc, 1, comm_2d, &status); 

52 

53    MPI_Comm_free(&comm_2d); /* Free up communicator */ 

free(a_buffers[1]); free(b_buffers[1]);

54  } 

55 

56  /* This function performs a serial matrix-matrix multiplication c = a*b */ 

57  MatrixMultiply(int n, double *a, double *b, double *c) 

58  { 

59    int i, j, k; 

60 

61    for (i=0; i<n; i++) 

62      for (j=0; j<n; j++) 

63        for (k=0; k<n; k++) 

64          c[i*n+j] += a[i*n+k]*b[k*n+j]; 

65  } 
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1 int *SampleSort(int n, int *elmnts, int *nsorted, MPI_Comm comm) { 

3     int i, j, nlocal, npes, myrank; 

4     int *sorted_elmnts, *splitters, *allpicks; 

5     int *scounts, *sdispls, *rcounts, *rdispls; 

7     /* Get communicator-related information */
8     MPI_Comm_size(comm, &npes); 

9     MPI_Comm_rank(comm, &myrank); 

11     nlocal = n/npes; 

13     /* Allocate memory for the arrays that will store the splitters */
14     splitters = (int *)malloc(npes*sizeof(int)); 

15     allpicks = (int *)malloc(npes*(npes-1)*sizeof(int)); 

17     /* Sort local array */
18 qsort(elmnts nlocal si eof(int) IncOrder);18     qsort(elmnts, nlocal, sizeof(int), IncOrder); 

20     /* Select local npes-1 equally spaced elements */
21     for (i=1; i<npes; i++) 

22 splitters[i-1] = elmnts[i*nlocal/npes]; 

24     /* Gather the samples in the processors */ 
25     MPI_Allgather(splitters, npes-1, MPI_INT, allpicks, 

26 npes-1, MPI_INT, comm); 

28     /* sort these samples */ 
29  qsort(allpicks,npes*(npes-1),sizeof(int),IncOrder); 

31     /* Select splitters */ p
32 for (i=1;i<npes;i++)

splitters[i-1]=allpicks[i*npes]; 

34     splitters[npes-1] = MAXINT; 
36     /* Compute the number of elements that belong to each bucket */ 
37     scounts = (int *)malloc(npes*sizeof(int)); 

38     for (i=0; i<npes; i++) scounts[i] = 0; 

41 for (j=i=0; i<nlocal; i++) {41     for (j i 0; i<nlocal; i++) { 

42       if (elmnts[i] < splitters[j]) 

43         scounts[j]++; 

44       else 

45         scounts[++j]++; 

46     } 
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/* Determine the starting location of each bucket's elements in the elmnts */
/*  array */

49     sdispls = (int *)malloc(npes*sizeof(int)); 

50     sdispls[0] = 0; 

51     for (i=1; i<npes; i++) 

52       sdispls[i] = sdispls[i-1]+scounts[i-1]; 

/* Perform an all-to-all to inform the corresponding processes of the number of  */p g p
/* elements they are going to receive. This information is stored in rcounts array */
56     rcounts = (int *)malloc(npes*sizeof(int)); 

57 MPI_Alltoall(scounts, 1, MPI_INT, rcounts, 1, 
MPI_INT, comm); 

/* Based on rcounts determine where in the local array the data from each  */ 
/* processor will be stored. This array will store the received elements */
/* as well as the final  sorted sequence */q
62     rdispls = (int *)malloc(npes*sizeof(int)); 

63     rdispls[0] = 0; 

64     for (i=1; i<npes; i++) 

65       rdispls[i] = rdispls[i-1]+rcounts[i-1]; 

67     *nsorted = rdispls[npes-1]+rcounts[npes-1]; 

68   sorted_elmnts = (int *)malloc((*nsorted)*sizeof(int)); 

/* Each process sends and receives the corresponding elements, using the */
/* MPI_Alltoallv operation. The arrays scounts and sdispls are used to specify */
/* the number of elements to be sent and where these elements are stored, */
/* respectively. The arrays rcounts and rdispls are used to specify the number of */
/* elements to be received, and where these elements will be stored, respectively. */
75  MPI_Alltoallv(elmnts, scounts, sdispls, MPI_INT, 

t d l t t di l MPI INT );sorted_elmnts, rcounts, rdispls, MPI_INT, comm); 

78  /* Perform the final local sort *没有采用归并/
79  qsort(sorted_elmnts, *nsorted, sizeof(int), IncOrder); 

81  free(splitters); free(allpicks); free(scounts); 

82  free(sdispls); free(rcounts); free(rdispls); 

84 return sorted elmnts;84  return sorted_elmnts; 

85 } 
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后两周安排

每人10-15分钟，共12-20人

第15周两次安排为Presentation

第16周周二复习，周四考试

提交方式

同时提交给：
zyl9910@mail.xjtu.edu.cn
Yinliang_zhao@163.com

标题：姓名 学号 并行计算作业
提交文档一律用附件，请打包成1个文件，这个文件在

一个目录下面，目录名称为姓名学号
例如，目录名为：张三1234567

作业提交截至日期 本学期第19周周五作业提交截至日期，本学期第19周周五

 Cilk编程
编写NQueens问题的程序，打印出1个解。
编写FFT程序编写FFT程序
TSP问题。http://www.tsp.gatech.edu/

 MPI编程
非方阵矩阵乘法
FFT
TSP
高斯消去法解线性方程组高斯消去法解线性方程组
3D-Mesh上的排序

 OpenMP
高斯消去法
矩阵乘法
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算法综述
典型并行数据挖掘算法
并行BLAST
Linpack及其应用

用PCAM方法学设计算法
选择数值计算中的计算量大的问题，如有限元、流
体力学、。。。


