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PVM C Example


This tutorial assumes basic knowledge of the UNIX environment. 

1. SSH into hrothgar.math.hmc.edu using your username and password:
ssh hrothgar.math.hmc.edu
2. Change to home directory:
cd ~
3. Create PVM source executable directory (if not already present):
mkdir -p ~/pvm3/bin/LINUX
mkdir -p ~/pvm3/src/LINUX
4. Change directory to source:
cd ~/pvm3/src/LINUX
5. Add the following code to the file hello.c (copying and pasting below works):

#include <stdio.h>
#include "pvm3.h"

int main() {
  int cc, tid;
  char buf[100];

  printf("i'm t%x\n", pvm_mytid());

  cc = pvm_spawn("hello_other.pvm", (char**)0, 0, "", 1, &tid);

  if (cc == 1) {
    cc = pvm_recv(-1, -1);
    pvm_bufinfo(cc, (int*)0, (int*)0, &tid);
    pvm_upkstr(buf);
    printf("from t%x: %s\n", tid, buf);
  } else
    printf("can't start hello_other.pvm\n");

  pvm_exit();
  exit(0);
}
6. Add the following code to the file hello_other.c (copying and pasting below works):

#include <stdio.h>
#include "pvm3.h"

int main() {
  int ptid;
  char buf[100];

  ptid = pvm_parent();

  strcpy(buf, "hello, world from ");
  gethostname(buf + strlen(buf), 64);

  pvm_initsend(PvmDataDefault);
  pvm_pkstr(buf);
  pvm_send(ptid, 1);

  pvm_exit();
  exit(0);
}
7. Compile and Link:
pvmcc hello.c -o ../../bin/LINUX/hello.pvm
pvmcc hello_other.c -o ../../bin/LINUX/hello_other.pvm
8. Execute:
pvm -nn000
quit
cd ~/pvm3/bin/LINUX
./hello.pvm

If all went well, output should be something like (replying node may be different):
i'm t40002
from t80001: hello, world from n001.beowulf.math.hmc.edu

Then, kill the PVM daemon:
pvm
halt
PVM Examples

This is a simple PVM application. It consists of two processes (master and slave) communicating with each other.

The master

The code can be downloaded from: master.c:

#include <stdio.h>
#include <pvm3.h>
int main()
{
  int myTID;
  int x = 12;
  int children[10];
  int res;
  myTID = pvm_mytid();
  printf("Master: TID is %d\n", myTID);
  res = pvm_spawn("slave", NULL, PvmTaskDefault, "", 1, children);
  if (res<1) {
    printf("Master: pvm_spawn error\n");
    pvm_exit();
    exit(1);
  }
  pvm_initsend(PvmDataDefault);
  pvm_pkint(&x, 1, 1);
  pvm_send(children[0], 1);
  pvm_recv(-1, -1);
  pvm_upkint(&x, 1, 1);
  printf("Master has received x=%d\n", x);
  pvm_exit();
  return 0;
}
The slave

The code can be downloaded from: slave.c:

#include <pvm3.h>
int main()
{
  int myTID, masterTID;
  int x = 12;
  myTID = pvm_mytid();
  printf("Slave: TID is %d\n", myTID);
  pvm_recv(-1, -1);
  pvm_upkint(&x, 1, 1);
  printf("Slave has received x=%d\n", x);
  sleep(3);
  x = x + 5;
  pvm_initsend(PvmDataDefault);
  pvm_pkint(&x, 1, 1);
  pvm_send(pvm_parent(), 1);
  pvm_exit();
  return 0;
}
Compilation

In order to compile the example issue the following commands:

# gcc -lpvm3 -o master master.c
# gcc -lpvm3 -o slave slave.c
And then run the master program.

Ring

The following ring.c example initializes communication in a ring of processes: Need to write salve yourself.

#include <stdio.h>
#include <pvm3.h>
#define PROC_NUM 3
int main()
{
  int myTID;
  int children[PROC_NUM];
  int res, i;
  myTID = pvm_mytid();
  printf("Master: TID is %d\n", myTID);
  res = pvm_spawn("ring-slave", NULL, PvmTaskDefault, "", PROC_NUM, children);
  if (res < 1)
  {
    printf("Master: pvm_spawn error (res=%d)\n", res);
    pvm_exit();
    exit(1);
  }
  // send neighbors' TIDs
  for(i=0; i<PROC_NUM; i++)
  {
    pvm_initsend(PvmDataDefault);
    pvm_pkint(&children[(i-1+PROC_NUM)%PROC_NUM], 1, 1);
    pvm_pkint(&children[(i+1)%PROC_NUM], 1, 1);
    pvm_send(children[i], 1);
  }
  // test the ring
  i=1;
  pvm_initsend(PvmDataDefault);
  pvm_pkint(&i, 1, 1);
  pvm_send(children[0], 1);
  pvm_exit();
  return 0;
}
Example configuration file (hostfile)

# comment line

lab-212-1.cs.put.poznan.pl

lab-212-2.cs.put.poznan.pl

lab-212-3.cs.put.poznan.pl

# different user and password

lab-212-13.cs.put.poznan.pl lo=user_pvm so=pw

# different pvmd path

lab-212-14.cs.put.poznan.pl dx=/bin/progs/pvm/pvmd

# different directory with executables

lab-212-15.cs.put.poznan.pl ep=$HOME/xxx/pvm3/bin/PVM_ARCH

# default option

* lo=std_user

lab-212-16.cs.put.poznan.pl

lab-212-17.cs.put.poznan.pl

lab-212-18.cs.put.poznan.pl

* lo=

# not in the initial configuration

&lab-212-4.cs.put.poznan.pl

&lab-212-5.cs.put.poznan.pl

&lab-212-6.cs.put.poznan.pl

PVM Exercise

Download the following codes and compile them on your machines using the makefiles provided. To compile, simply put all the files in the same directory and use the available Makefiles. To use a particular Makefile called "make.this.program" type "make -f make.this.program". Examine the makefile and code for more information. You may need to modify the makefiles and paths for your site.

To use PVM to run your executables, remember to start the daemons... 

  % pvm

  pvm> add machinename

  pvm> quit

  pvmd still running

  % a.out

        .... output from program ...

  % pvm

  pvm> halt
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###############################################################################

#                           PVM TEMPLATE CODES

# FILE: make.comppi.c   computes parallel PI

# PVM VERSION: 3.x

# LAST REVISED: 12/15/94 C. Breshears

###############################################################################

CC        =       cc

INCLUDE   =       -I$(PVM_ROOT)/include

LIBS      =       -L$(PVM_ROOT)/lib/$(PVM_ARCH) -lpvm3

doit: comppi.master comppi.worker


mv comppi.master comppi.worker $(HOME)/pvm3/bin/SUN4

comppi.master: comppi.master.c


${CC} comppi.master.c ${INCLUDE} ${LIBS} -o comppi.master

comppi.worker: comppi.worker.c


${CC} comppi.worker.c ${INCLUDE} ${LIBS} -o comppi.worker

/******************************************************************************

*                          PVM TEMPLATE CODES

* FILE: comppi.master.c

* OTHER FILES: make.comppi.c  comppi.worker.c

* DESCRIPTION: This Master/Worker code demonstrates the bag of tasks 

*   programming paradigm.  The value of pi is approximated by integrating

*   the function 4/(1+x*x)dx from 0 to 1.  The worker tasks are spawned,

*   and while more intervals remain, the master sends a worker an

*   interval and a point between 0 and 1.  This point is used to compute 

*   the height of a rectangle that is as wide as the interval.  Workers

*   compute the area of the rectangle and send the area back to the

*   master who sums up these areas.  When all intervals are computed, the

*   master sends an interval value of -1 to signal completion.

* AUTHOR: C. Breshears

******************************************************************************/

#include <stdio.h>

#include "pvm3.h" 

#define NTASKS 5

#define INTERVALS 1000

main ()

{

   int mytid;

   int tids[NTASKS];

   float sum=0.0, area;

   float width;

   int i, numt, msgtype, bufid, bytes, who, int_num;

   /* Enroll in PVM */

   mytid = pvm_mytid();

   /* spawn off NTASKS workers */

   numt = pvm_spawn("comppi.worker", NULL, PvmTaskDefault, "", NTASKS,

                     tids);

   if (numt != NTASKS) {

      printf ("Error in spawning, numt= %d\n",numt);

      exit(0);

      }

   /* compute interval width */

   width = 0.0;

   i = 0;

   /* Multi-cast initial dummy message to workers */

   msgtype = 0;

   pvm_initsend(PvmDataDefault);

   pvm_pkint(&i, 1, 1);

   pvm_pkfloat(&width, 1, 1);

   pvm_mcast(tids, NTASKS, msgtype);

   width = 1.0 / INTERVALS;

   /* for each interval, 1) receive area from worker 

                         2) add area to sum

                         3) send worker new interval number and width */

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

      int_num = i+1;

      bufid = pvm_recv(-1,-1);

      pvm_bufinfo(bufid, &bytes, &msgtype, &who);

      pvm_upkfloat(&area, 1, 1);

      sum += area;

      pvm_initsend(PvmDataDefault);

      pvm_pkint(&int_num, 1, 1);

      pvm_pkfloat(&width, 1, 1);

      pvm_send(who, msgtype);

   }

   int_num = -1;    /* Signal to workers that tasks are done */

   pvm_initsend(PvmDataDefault);

   pvm_pkint(&int_num, 1, 1);

   pvm_pkfloat(&width, 1, 1);

   /* Collect the last NTASK areas and send the completion signal */

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

      bufid = pvm_recv(-1,-1);

      pvm_bufinfo(bufid, &bytes, &msgtype, &who);

      pvm_upkfloat(&area, 1, 1);

      sum += area;

      pvm_send(who, msgtype);

   }

   printf("Computed value of Pi is %8.6f\n",sum);

   pvm_exit();

}

/******************************************************************************

*                          PVM TEMPLATE CODES

* FILE: comppi.worker.c

* OTHER FILES: make.comppi.c  comppi.master.c

* DESCRIPTION: This Worker code accepts widths and interval numbers and

*   computes the area of a rectangle under a given function and returns the

*   area to the master task.  More jobs are recevied and processed until 

*   an interval number of -1 is sent.

*  

*   For this exercise, the function is 4/(1+x*x) and the overall

*   integration will be intervals from 0 to 1.

*

* AUTHOR: C. Breshears

******************************************************************************/

#include <stdio.h>

#include "pvm3.h" 

#define f(x) ((float)(4.0/(1.0+x*x)))

main ()

{

   int mytid, master;

   float area;

   float width, int_val, height;

   int int_num;

   /* Enroll in PVM */

   mytid = pvm_mytid();

   /* who is sending me work? */

   master = pvm_parent();

   /* receive first job from the master */

   pvm_recv(-1, -1);

   pvm_upkint(&int_num, 1, 1);

   pvm_upkfloat(&width, 1, 1);

/* While I've not been sent the signal to quit, I'll keep processing */

   while (int_num != -1) {

      /* compute interval value from interval number */

      int_val = int_num * width;

      /* compute height of given rectangle */

      height = f(int_val);

      /* compute area */

      area = height * width;

      /* send area back to master */

      pvm_initsend(PvmDataDefault);

      pvm_pkfloat(&area, 1, 1);

      pvm_send(master, 9);

      /* Wait for next job from master */

      pvm_recv(-1, -1);

      pvm_upkint(&int_num, 1, 1);

      pvm_upkfloat(&width, 1, 1);

   }

   /* all done */

   pvm_exit();

}

Make file for matmul.c

###############################################################################

#                           PVM TEMPLATE CODES

# PVM VERSION: 3.3.x

# REVISED: 5/27/93 bbarney

# REVISED 12/15/94 C. Breshears

# REVISED 06/06/95 Asim YarKhan

###############################################################################

CC      =       gcc

CFLAGS
=
-I$(PVM_ROOT)/include $(ARCHCFLAGS) -O 

PVMLIB
=
-L$(PVM_ROOT)/lib/$(PVM_ARCH) -lgpvm3 -lpvm3

F77
=
f77

FFLAGS
=
-O

PVMFLIB
=
-L$(PVM_ROOT)/lib/$(PVM_ARCH) -lfpvm3 -lgpvm3 -lpvm3

XDIR
=
$(HOME)/pvm3/bin/$(PVM_ARCH)

default: matmul.serial matmul 

matmul:  $(XDIR)/matmul

$(XDIR)/matmul: matmul.c


${CC} $(CFLAGS) -o $(XDIR)/matmul matmul.c ${PVMLIB} 

matmul.serial: matmul.serial.c


${CC} $(CFLAGS) $@.c -o $@

clean:


\rm -f matmul.serial 


\rm -f $(XDIR)/matmul

/******************************************************************************

 *                           PVM TEMPLATE CODES

 * FILE: matmul.c

 * OTHER FILES: make.matmul.c

 * DESCRIPTION:  PVM matrix multiply SPMD code. C Version 

 *   In this template code, the parent task spawns NPROC worker tasks.  A

 *   root task is chosen from the group of all tasks.  The root task performs 

 *   the matrix multiply by broadcasting all of matrix B to every other task 

 *   and then scattering rows of matrix A among all tasks.  Each task performs

 *   the actual multiplications and the root task gathers the results.

 *   NOTE:  C and Fortran versions of this code differ because of the way

 *     arrays are stored/passed.  C arrays are row-major order but Fortran

 *     arrays are column-major order.

 * AUTHOR: C. Breshears

 * LAST REVISED: Asim YarKhan DATE: Tue Jun 13 12:50:10 1995

 ******************************************************************************/

#include <stdlib.h>

#include <stdio.h>

#include <sys/types.h>

#include <sys/time.h>

#include "pvm3.h"

/* PVM version 3.0 include file */

#define NPROC 5                 /* number of PVM worker tasks to spawn */

#define NRA 500


/* number of rows in matrix A,multiple of NPROC */

#define NCA 500


/* number of columns in matrix A */

#define NCB 500   

/* number of columns in matrix B */

#define ROWS (NRA/NPROC)
/* NRA/NPROC number of rows each task must do */

#define BTYPE 17                /* Broadcast message type */

void main() {

  double A[NRA][NCA]; 

/* matrix A to be multiplied */

  double B[NCA][NCB];

/* matrix B to be multiplied */

  double C[NRA][NCB];

/* result matrix C */

  double inrows[ROWS][NCA];
/* scattered row of A from root */

  double outrows[ROWS][NCB];
/* result row to be gathered by root */

  int mtid;


/* PVM task id of master task */ 

  int tids[NPROC];

/* array of PVM task ids for worker tasks */

  int mtype;


/* PVM message type */

  int parent_tid;

/* holder of parent tid */

  int inum;


/* instance number within group */

  int rcode, i, j, k;

/* misc */

  time_t tstart;

/* time counter */

  printf("Matrix A %d x %d \n",NRA,NCA);

  printf("Matrix B %d x %d \n",NCA,NCB);

  printf("NPROC %d \n",NPROC);

  /* Mark starting time */

  tstart = time(NULL);

  /* enroll this task in PVM */

  mtid = pvm_mytid();

  /* Find out if this process has a parent or not - if not, then it is the */

  /* original(master) process that spawns all others processes.  The constant  */

  /* PvmNoParent is defined in the PVM 3.0 include file */

  parent_tid = pvm_parent();

  if ((parent_tid == PvmNoParent) && (NPROC > 1)) {

    rcode = pvm_spawn("matmul", NULL, PvmTaskDefault, " ", NPROC-1, tids);

  }

  /* Join common group and find instance number */

  inum = pvm_joingroup("group");

  printf("%x: joined group as #%d\n",mtid,inum);

  if (inum==0) printf("%d sec: Initializing matrices \n",time(NULL)-tstart);

  if (inum == 0) {

/* instance number 0 is root */

    /* initialize A and B */

    for (i=0; i<NRA; i++)

      for (j=0; j<NCA; j++)

        A[i][j]= (i+1)/(NRA*1.0)+(j+1)/(NCA*1.0);

    for (i=0; i<NCA; i++)

      for (j=0; j<NCB; j++)


B[i][j]= (i+1)/(NCA*1.0)*(j+1)/(NCB*1.0);

  }

  /* Wait at barrier until all proc are ready in group*/

  if (pvm_barrier("group", NPROC)) pvm_perror("barrier");

  if (inum==0) printf("%d sec: Broadcasting B \n",time(NULL)-tstart);

  if (inum == 0) { /* instance number 0 is root */

    /* Broadcast B matrix to group members */

    rcode = pvm_initsend(PvmDataRaw);

    if (pvm_pkdouble(&B[0][0],NCA*NCB,1)) pvm_perror(NULL);

    rcode = pvm_bcast("group", BTYPE);

  }

  else {

    /* Receive broadcast matrix */

    rcode = pvm_recv(-1, BTYPE);

    if (pvm_upkdouble(&B[0][0],NCA*NCB,1)) pvm_perror(NULL);

  }

  /* Scatter rows of A to all tasks */

  if (inum==0) printf("%d sec: Scattering A \n",time(NULL)-tstart);

  if (pvm_scatter(&inrows[0][0],&A[0][0],ROWS*NCA,PVM_DOUBLE,7,"group",0)) pvm_perror(NULL);

  /* Wait at barrier until scatter has finished */

  if (pvm_barrier("group", NPROC)) pvm_perror("barrier");

  /* Clear the output space */

  for (k=0; k<NCB; k++) 

    for (i=0; i<ROWS; i++)

      outrows[i][k] = 0.0;

  if (inum==0) printf("%d sec: Doing multiply \n",time(NULL)-tstart);

  /* do matrix multiply */

  for (i=0; i<ROWS; i++) 

    for (j=0; j<NCA; j++)

      for (k=0; k<NCB; k++) 

        outrows[i][k] = outrows[i][k] + inrows[i][j] * B[j][k];

  if (inum==0) printf("%d sec: Gathering results \n",time(NULL)-tstart);

  /* gather result rows into C matrix */

  if (pvm_barrier("group", NPROC)) pvm_perror("barrier");

  mtype = 2;



/* set message type */

  rcode = pvm_gather(C, outrows, ROWS*NCB, PVM_DOUBLE, mtype, "group", 0);

  /* Wait at barrier until gather has finished */

  if (pvm_barrier("group", NPROC)) pvm_perror("barrier");

  if (inum==0) printf("%d sec: Printing sample of C \n",time(NULL)-tstart);

  if (inum == 0) {                   /* root prints output */

    /* print results */

    for (i=0; i<10; i++) { 

      for (j=0; j<10; j++) 


printf("%f   ", C[i][j]);

      printf("\n"); 

    }

  }

  /* task now leaves group and exits from PVM */

  rcode = pvm_lvgroup("group");

  rcode = pvm_exit();

  if (inum==0) printf("%d sec: Program done \n",time(NULL)-tstart);

}

/**************************************************************************

DESCRIPTION:  Matrix multiply serial code. C Version – The serial version

To compute C = A * B where A, B, C are matrices.  Intended to demonstrate 

the way data is stored in memory, by altering the order of loops 

AUTHOR: Asim YarKhan

LAST REVISED: Tue Jun 13 11:33:05 1995

**************************************************************************/

/**************************************************************************

Explanation of constants and variables used in this program:

 NRA        number of rows in matrix A

 NCA        number of columns in matrix A

 NCB        number of columns in matrix B (must be multiple of NPROC)

 i, j, k    miscelaneous 

 t          time variables

**************************************************************************/

#include <stdlib.h>

#include <stdio.h>

#include <sys/types.h>

#include <sys/time.h>

#define NRA 500

#define NCA 500

#define NCB 500

void main() {

  int i, j, k;

  double A[NRA][NCA], B[NCA][NCB], C[NRA][NCB];

  time_t t;

  printf("Matrix A %d x %d \n",NRA,NCA);

  printf("Matrix B %d x %d \n",NCA,NCB);

  /* Mark starting time */

  t = time(NULL);

  printf("%d sec: Initializing matrices \n",time(NULL)-t);

  /* Initialize A and B */

  for (i=0; i<NRA; i++)

    for (j=0; j<NCA; j++) 

      A[i][j]= (i+1)/(NRA*0.1)+(j+1)/(NCA*0.1);

  for (i=0; i<NCA; i++)

    for (j=0; j<NCB; j++) 

      B[i][j]= (i+1)/(NCA*0.1)*(j+1)/(NCB*0.1);

  /* Clear the output space */

  for (i=0; i<NRA; i++)

    for (j=0; j<NCB; j++) 

      C[i][j] = 0.0;

  printf("%d sec: Starting computation \n",time(NULL)-t);

/* TRY VARIOUS ORDERINGS OF I,J,K LOOPS AND SEE HOW LONG THE PROGRAM TAKES.   */

/* FORTRAN STORES ITS MATRICES IN COLUMN FIRST ORDER IN MEMORY, SO THE HIGHEST */

/* PERFORMANCE WILL BE ACHIEVED BY PICKING A COLUMN AND GOING DOWN THAT  */

/* COLUMN. */

  /* perform matrix multiply */

  for (j=0; j<NCA; j++) 

    for (k=0; k<NCB; k++) 

      for (i=0; i<NRA; i++)


C[i][k] = C[i][k] + A[i][j] * B[j][k];

  printf("%d sec: Printing sample of C \n",time(NULL)-t);

  /* Output subset of results */

  for (i=0; i<10; i++) {

    for (j=0; j<10; j++) {

      printf("%e  ",C[i][j]);

    }

    printf("\n");

  }

  printf("%d sec: Program done \n",time(NULL)-t);

}      

make inner product file

CC
= gcc

INCLUDE = -I$(PVM_ROOT)/include

LIBS
= -lpvm3

GLIBS
= -lgpvm3

LFLAGS
= -L$(PVM_ROOT)/lib/$(PVM_ARCH)

XDIR
= $(HOME)/pvm3/bin/$(PVM_ARCH)

all : inner

clean :


\rm -f $(XDIR)/inner

inner : inner.c


$(F77) $(INCLUDE) -o $(XDIR)/inner inner.c $(LFLAGS) $(LIBS)  $(GLIBS) 

/************************************************/

/* inner.c - inner product  using PVM,
        */

/* based on Jack Dongarra's inner.f

*/

/*





*/

/* Simon D. Levy
2/5/97


*/

/************************************************/

#include <stdio.h>

#include "pvm3.h"

/* *** informative constant argument names *** */

#define NO_ARGS  NULL

#define ANY_HOST NULL

#define ANY_TID  (-1)

/* *** error-checking macros *** */

#define LTZCHK(x,s) if ((x) < 0) { fprintf(stderr, "pvm_%s() error\n", s); \

                                   exit(-1); }

/* *** parameters to fiddle with *** */

#define NPROC 7

/* number of processors */

#define N     100
/* length of vectors    */

/* *** ddot(n, x, y) computs dot-product of length-n vectors x & y *** */

static double ddot(int n, double x[], double y[])

{

  double result;

  int i;

  for (result=0.,i=0; i<n; ++i)

    result += (x[i] * y[i]);

  return result;

} 

main()

{

  int rank, i, bufid, count;

  int remain, nb;

  int tids[NPROC-1], slave, master;

  double x[N], y[N];

  double result, partial;

/* *** calculate task distribution *** */

  remain = N % (NPROC-1);


  nb = (N-remain) / (NPROC-1);

/* *** Group Creation *** */

  /* enroll in group "inner" */

  rank = pvm_joingroup("inner");

  /* first process spawns others */

  if (rank == 0)

  {

    // pvm_catchout(stdout);

    if (pvm_spawn("inner", NO_ARGS, PvmTaskDefault, 



    ANY_HOST, NPROC-1, tids) < NPROC-1)

    {

      fprintf(stderr, "pvm_spawn() error:\ntids: ");

      for (i=0; i<NPROC-1; ++i)

        fprintf(stderr, "%d ", tids[i]);

      fprintf(stderr, "\n");

      exit(-1);

    }

  }

  /* block calling proc until all procs have called it */

  LTZCHK(pvm_barrier("inner", NPROC), "barrier");

  puts("inner");

  /* compute master proc's tid  */

  LTZCHK(master  = pvm_gettid("inner", 0), "gettid"); 

/* *** Master *** */

  if (rank == 0)

  {

    /* set vectors to unity */

    for (i=0; i<N; ++i)

      x[i] = y[i] = 1.;

    /* send data */

    for (count=0,i=1; i<=NPROC-1; ++i)

    {

      LTZCHK(pvm_initsend(PvmDataDefault), "initsend");

      LTZCHK(pvm_pkdouble(&x[count], nb, 1), "pkdouble");

      LTZCHK(pvm_pkdouble(&y[count], nb, 1), "pkdouble");

      LTZCHK(slave=pvm_gettid("inner", i), "gettid");

      LTZCHK(pvm_send(slave, 1), "send");

      count += nb;

    }

    /* initialize result */

    result = 0.;

    /* add remaining part to result */

    partial = ddot(remain, &x[N-remain], &y[N-remain]);

    result += partial;

    /* get result */

    for (i=1; i<NPROC; ++i)

    {

      LTZCHK(bufid=pvm_recv(ANY_TID, 1), "recv");

      LTZCHK(pvm_upkdouble(&partial, 1, 1), "upkdouble");

      result += partial;

    }

    /* show result */

    printf("result: %f\n", result);

  } 

/* *** Slave *** */

  else 

  {

    /* receive data */

    LTZCHK(bufid=pvm_recv(ANY_TID, 1), "recv");

    LTZCHK(pvm_upkdouble(x, nb, 1), "upkdouble");

    LTZCHK(pvm_upkdouble(y, nb, 1), "upkdouble");

    /* compute partial product */

    partial = ddot(nb, x, y);

    LTZCHK(pvm_initsend(PvmDataDefault), "initsend");

    LTZCHK(pvm_pkdouble(&partial, 1, 1), "pkdouble");

    LTZCHK(pvm_send(master, 1), "send");

  }

/* *** clean up *** */

  /* unroll calling process */

  LTZCHK(pvm_lvgroup("inner"), "lvgroup");

  /* tell PVM demon that this process is leaving */

  LTZCHK(pvm_exit(), "exit");

}

makefile for matrix-vector multiplication

F77
= f77

INCLUDE = -I$(PVM_ROOT)/include

LIBS
= -lpvm3

FLIBS
= -lfpvm3

GLIBS   = -lgpvm3

BLAS
= /a/bluegrass/export/src/icl/LAPACK_LIBS/blas_$(PVM_ARCH).a

LFLAGS
= -L$(PVM_ROOT)/lib/$(PVM_ARCH)

XDIR
= $(HOME)/pvm3/bin/$(PVM_ARCH)

all : matvec_col matvecslv_col

clean :


\rm -f $(XDIR)/matvec_col $(XDIR)/matvecslv_col

matvec_col : matvec_col.f


$(F77) $(INCLUDE) -o $(XDIR)/matvec_col matvec_col.f $(LFLAGS) $(FLIBS) $(LIBS) $(GLIBS) $(BLAS)

matvecslv_col : matvecslv_col.f


$(F77) $(INCLUDE) -o $(XDIR)/matvecslv_col matvecslv_col.f $(LFLAGS) $(FLIBS) $(LIBS) $(GLIBS) $(BLAS)

Fortran matrix-vector multiplication

program matvecslv_col

       include '~/pvm3/include/fpvm3.h'

C

C        y <--- y + A * x

C        A : MxN (visible only on the slaves)

C        X : N

C        Y : M

C

       PARAMETER( NPROC = 4)

       PARAMETER( M = 9, N = 6)

       PARAMETER( NBX = INT(N/NPROC)+1)

       external PVMSUM

       double precision A(M,NBX)

       double precision X(N), Y(M)

       integer rank, i, ierr

       external dgemv

       call pvmfjoingroup( 'foo', rank )

       call pvmfbarrier( 'foo', NPROC+1, ierr )

C        Data initialize for my part of the data

       do 10 j = 1,NBX

         do 20 i = 1,M

           A(i,j) = 1.d0

20       continue

10     continue

C      I receive X

       call pvmfrecv( -1, 1,  ierr )

       call pvmfunpack(REAL8, X, N, 1, ierr)

C      I compute my part

       if (rank .NE. NPROC) then

         call dgemv('N', M, NBX, 1.d0, A, M,

     $              X((rank-1)*NBX+1), 1, 1.d0, Y,1)

       else

         call dgemv('N', M,N-NBX*(NPROC-1), 1.d0, A, M,

     $              X((NPROC-1)*NBX+1), 1, 1.d0, Y, 1)

       endif

C      I send back my part of Y 

       call pvmfreduce(PVMSUM,Y,M,REAL8,1,'foo',0,ierr)

C      done

       call pvmflvgroup( 'foo', ierr )

       call pvmfexit(ierr)

       stop

       end

  program matvec_col  FORTRAN Matrix-vector multiplication  matvec-col.f

       include '~/pvm3/include/fpvm3.h'

C

C        y <--- y + A * x

C

C        A : MxN (visible only on the slaves)

C        X : N

C        Y : M

C

       PARAMETER( NPROC = 4)

       PARAMETER( M = 9, N = 6)

       double precision X(N), Y(M)

       external PVMSUM

       integer tids(NPROC)

       integer mytid, rank, i, ierr

       call pvmfmytid( mytid )

       call pvmfjoingroup( 'foo', rank )

       if( rank .eq. 0 )  then

         call pvmfspawn('matvecslv_col',PVMDEFAULT,'*',NPROC,tids,ierr)

       endif

       call pvmfbarrier( 'foo', NPROC+1, ierr )

C                     Data initialize for my part of the data

       do 10 i = 1,N

         x(i) = 1.d0

10     continue

       do 15 i = 1,M

         y(i) = 1.d0

15     continue

C      Send X

       call pvmfinitsend( PVMDEFAULT, ierr )

       call pvmfpack(REAL8, X, N, 1, ierr)

       call pvmfbcast('foo', 1, ierr)

C                     I get the results

       call pvmfreduce(PVMSUM,Y,M,REAL8,1,'foo',0,ierr)

       write(*,*) 'Results received'

       do 30 i=1,M

         write(*,*) 'Y(',i,') = ',Y(i)

30     continue

       call pvmflvgroup( 'foo', ierr )

       call pvmfexit(ierr)

       stop

       end

master1.c

#include "pvm3.h"

#define SLAVENAME "slave1"

main()

{

    int mytid;                  /* my task id */


int tids[32];



/* slave task ids */

    int n, nproc, i, who, msgtype;

    float data[100], result[32];

    /* enroll in pvm */

    mytid = pvm_mytid();

    /* start up slave tasks */

    puts("How many slave programs (1-32)?");

    scanf("%d", &nproc);

    pvm_spawn(SLAVENAME, (char**)0, 0, "", nproc, tids);

    /* Begin User Program */

    n = 100;

    /* initialize_data( data, n ); */

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

       data[i] = 1;

    }

    /* Broadcast initial data to slave tasks */


pvm_initsend(PvmDataDefault);


pvm_pkint(&nproc, 1, 1);


pvm_pkint(tids, nproc, 1);


pvm_pkint(&n, 1, 1);


pvm_pkfloat(data, n, 1);

    pvm_mcast(tids, nproc, 0);

    /* Wait for results from slaves */

    msgtype = 5;

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

       pvm_recv( -1, msgtype );

       pvm_upkint( &who, 1, 1 );

       pvm_upkfloat( &result[who], 1, 1 );

       printf("I got %f from %d\n",result[who],who);

    }

    /* Program Finished exit PVM before stopping */

    pvm_exit();

}

nntime.c

/* This program collects timing statistics for node-to-node message passing

 * 

 * To measure performance of native send/receive, compile as

 *

Paragon:
icc -nx -O -DPGON_NODE nntime.c

 * 

iPSC/860:
icc -O -DI860_NODE nntime.c -node

 *

CM5(CMMD):  cc -c -DCM5_NODE nntime.c; cmmd-ld -comp cc -node nntime.o

 */

#include <stdio.h>

#include <memory.h>

#ifdef CM5_NODE

#include <cm/cmmd.h>

#include <cm/timers.h>

#endif

#ifdef PVM

#include "pvm3.h"

#endif

#define NPROC
4

#define SAMPLE
1


/* sample rate */

#define MAXSIZE
10000

/* must be a power of 10 */

#define ENCODE
PvmDataRaw


#ifdef CM5_NODE

#include <cm/cmmd.h>

#define TIMER_CLEAR

CMMD_node_timer_clear(1) 

#define TIMER_START

CMMD_node_timer_start(1) 

#define TIMER_STOP

CMMD_node_timer_stop(1) 

#define TIMER_ELAPSED
CMMD_node_timer_elapsed(1) 

#endif /*CM5_NODE*/

#if defined(PGON_NODE) || defined(I860_NODE)

double tstart, tstop, dclock();

#define TIMER_CLEAR

(tstart = tstop = 0)

#define TIMER_START

(tstart = dclock())

#define TIMER_STOP

(tstop = dclock())

#define TIMER_ELAPSED
(tstop - tstart)

#endif /*PGON_NODE/I860_NODE*/

#if !defined(PGON_NODE) && !defined(I860_NODE) && !defined(CM5_NODE)

#include <sys/time.h>

struct timeval tv1, tv2;

#define TIMER_CLEAR     (tv1.tv_sec = tv1.tv_usec = tv2.tv_sec = tv2.tv_usec =0)

#define TIMER_START     gettimeofday(&tv1, (struct timezone*)0)

#define TIMER_STOP      gettimeofday(&tv2, (struct timezone*)0)

#define TIMER_ELAPSED
(tv2.tv_sec-tv1.tv_sec+(tv2.tv_usec-tv1.tv_usec)*1.E-6)

#endif 

main()

{


int mytid;



/* my task id */


int tids[NPROC];

/* array of task IDs */

#ifdef PVM


mytid = pvm_mytid();


tids[0] = pvm_parent();

/* pvm_setdebug(3);  */


if (tids[0] < 0)



mom(mytid, tids);


else {



pvm_recv(tids[0], 0);



pvm_upkint(tids, NPROC, 1);



printf("mytid = %d\n", mytid);



if (mytid == tids[1])




child1(tids);



else if (mytid == tids[2])




child2();



else




child3(tids);


}


pvm_exit();

#else /*PVM*/

#if defined(PGON_NODE) || defined(I860_NODE)


if (mynode())



catcher();


else



sender();

#endif /*I860_NODE*/

#ifdef CM5_NODE


CMMD_fset_io_mode(stdout, CMMD_independent);


if (CMMD_self_address() == 0)



sender();


if (CMMD_self_address() == 1)



catcher();


CMMD_all_msgs_wait();

#endif /*CM5_NODE*/

#endif /*PVM*/


exit();

}

#ifdef PVM

mom(mytid, tids)


int mytid;


int tids[];

{


tids[0] = mytid;


pvm_spawn("nntime", (char**)0, 0, "", NPROC-1, &tids[1]);


pvm_initsend(ENCODE);


pvm_pkint(tids, NPROC, 1);


pvm_mcast(&tids[1], NPROC-1, 0);


/* test host-node recv */


pvm_recv(-1, 0);


validate();

}

child1(tids)


int tids[];

{


int size;


/* test node-to-node recv */


pvm_recv(-1, 0);


validate();


/* do timing measurements */


puts("Node-to-node Send/Ack\n");


/* synchronize */


pvm_initsend(ENCODE);


pvm_pkint(&size, 1, 1);


pvm_send(tids[3], 0);


pvm_recv(-1, 0);

/* receive ack */


for (size = 1; size <= MAXSIZE; size *= 10) 



time_one(size, tids[3]);



/* time_ind(size, tids[3]); */


/* inform child3 to exit */


pvm_initsend(ENCODE);


pvm_pkstr("death");


pvm_send(tids[3], 13);

}

child3(tids)


int tids[];

{


int n, stid, bufid, bytes, type;


double data[MAXSIZE];


char str[32];


/* test node-to-node send */


for (n = 0; n < MAXSIZE; n++)



data[n] = n*n;


pvm_initsend(ENCODE);


sprintf(str, "%d doubles from node zero", MAXSIZE);


pvm_pkstr(str);


pvm_pkdouble(data, MAXSIZE, 1);


pvm_mcast(tids, NPROC-1, 0);


pvm_initsend(ENCODE);


pvm_pkint(&tids[3], 1, 1);


/* receive data and ack */


while(1) {



bufid = pvm_recv(-1, -1);



pvm_bufinfo(bufid, &bytes, &type, &stid);



if (type == 13)




break;

#ifdef KSR1



pvm_upkdouble(data, bytes/sizeof(double), 1); 

#endif



pvm_send(stid, 0);


}

}

child2()

{


pvm_recv(-1, 0);


validate();

}

validate()

{


double data[MAXSIZE];


char str[32];


int i;


pvm_upkstr(str);


printf("%s\n", str);


pvm_upkdouble(data, MAXSIZE, 1);


for (i = 0; i < MAXSIZE; i++)



if ((i*i - data[i]) > 0.01) {




printf("error: data[%d] = %g\n", i, data[i]);




break;



}


if (i == MAXSIZE)



printf("%d doubles received correctly\n\n\n", i);

}

/* measure packing and sending time */

time_ind(size, dtid)

int size;

int dtid;

{


int i;


int t1, t2, t3;


double data[MAXSIZE];


for (i = 0; i < size; i++)



data[i] = i*i;



printf("Pack (us)   Send (us)   Ack (us)   (Data size = %d)", 8*size);



puts("\n=======================================================");


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

#ifdef TIMER_CLEAR




pvm_initsend(ENCODE);




TIMER_CLEAR;




TIMER_START;




pvm_pkdouble(data, size, 1);




TIMER_STOP;




t1 = 1000000*TIMER_ELAPSED;




TIMER_CLEAR;




TIMER_START;



pvm_send(dtid, 0);




TIMER_STOP;




t2 = 1000000*TIMER_ELAPSED;




TIMER_CLEAR;




TIMER_START;




pvm_recv(-1, 0);

/* receive ack */




TIMER_STOP;




t3 = 1000000*TIMER_ELAPSED;




printf("%d           %d            %d\n", t1, t2, t3);

#endif



}



putchar('\n');


}

/* measure packet transit time */

time_one(size, dtid)

int size;

int dtid;

{


int i;


double data[MAXSIZE];


int t;

#ifdef TIMER_CLEAR


for (i = 0; i < size; i++)



data[i] = i*i;


pvm_initsend(ENCODE);


pvm_pkdouble(data, size, 1);


TIMER_CLEAR;


TIMER_START;


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



pvm_send(dtid, 0);



pvm_recv(-1, 0);

/* receive ack */

}


TIMER_STOP;


t = 1000000*TIMER_ELAPSED/SAMPLE;


printf("Send+ACK T = %d (us)  (%.4f MB/s)      Data size: %d\n",



t, 8.0*(float)size/(float)t, 8*size);

#endif /*TIMER_CLEAR*/

}

#endif /*PVM*/

/* 

 * these routines are used to measure performance of native message-passing

 * primitives

 */

sender()

{


int size, ack;


/* synchronize */

#if defined(PGON_NODE) || defined(I860_NODE)


csend(123, &size, sizeof(int), 1, 0);


crecv(-1, &ack, sizeof(int));

#endif /*defined(PGON_NODE) || defined(I860_NODE)*/

#ifdef CM5_NODE


CMMD_send_block(1, 123, &size, sizeof(int));


CMMD_receive_block(CMMD_ANY_NODE, CMMD_ANY_TAG, &ack, sizeof(int));

#endif


/* do timing measurements */


puts("Node-to-node Send/Ack\n");


for (size = 1; size <= MAXSIZE; size *= 10) 



time_ack(size);

#if defined(PGON_NODE) || defined(I860_NODE)


csend(13, (char *)0, 0, 1, 0);

#endif 

#ifdef CM5_NODE


CMMD_send_block(1, 13, (char *)0, 0);

#endif

}

/* receive message and ack */

catcher()

{


double data[MAXSIZE];


int ack = 1;


while(1) {

#ifdef CM5_NODE



CMMD_receive_block(CMMD_ANY_NODE, CMMD_ANY_TAG, (char *)data, 




MAXSIZE*sizeof(double));



if (CMMD_msg_tag() == 13)




exit(0);



CMMD_send_block(0, 456, &ack, sizeof(int));

#endif

#if defined(PGON_NODE) || defined(I860_NODE)



crecv(-1, (char *)data, MAXSIZE*sizeof(double));



if (infotype() == 13)




exit(0);



csend(456, &ack, sizeof(int), 0, 0);

#endif


}

}

/* measure packet transit time */

time_ack(size)

int size;

{


int i;


double data[MAXSIZE];


int t;

#ifdef TIMER_CLEAR


for (i = 0; i < size; i++)



data[i] = i*i;


TIMER_CLEAR;


TIMER_START;

/*


memcpy(data, dat1, size*sizeof(double));

*/


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



int ack;

#if defined(PGON_NODE) || defined(I860_NODE)



csend(123, (char *)data, size*sizeof(double), 1, 0);



crecv(-1, &ack, sizeof(int));

#endif /*defined(PGON_NODE) || defined(I860_NODE)*/

#ifdef CM5_NODE



CMMD_send_block(1, 123, (char *)data, size*sizeof(double));



CMMD_receive_block(CMMD_ANY_NODE, CMMD_ANY_TAG, &ack, sizeof(int));

#endif


}

/*


memcpy(dat1, data, size*sizeof(double));

*/


TIMER_STOP;


t = 1000000.0*TIMER_ELAPSED/(double)SAMPLE;


printf("Send+ACK T = %d (us)  (%.4f MB/s)      Data size: %d\n",



t, 8.0*(float)size/(float)t, 8*size);

#endif /*TIMER_CLEAR*/

}

salve1.c

#include <stdio.h>

#include "pvm3.h"

main()

{

    int mytid;       /* my task id */

    int tids[32];    /* task ids   */


int n, me, i, nproc, master, msgtype;


float data[100], result;

    float work();

    /* enroll in pvm */


mytid = pvm_mytid();

    /* Receive data from master */

    msgtype = 0;

    pvm_recv( -1, msgtype );


pvm_upkint(&nproc, 1, 1);


pvm_upkint(tids, nproc, 1);


pvm_upkint(&n, 1, 1);


pvm_upkfloat(data, n, 1);

    /* Determine which slave I am (0 -- nproc-1) */

    for( i=0; i<nproc ; i++ )

       if( mytid == tids[i] ){ me = i; break; }

    /* Do calculations with data */

    result = work( me, n, data, tids, nproc );

    /* Send result to master */

    pvm_initsend( PvmDataDefault );

    pvm_pkint( &me, 1, 1 );

    pvm_pkfloat( &result, 1, 1 );

    msgtype = 5;

    master = pvm_parent();

    pvm_send( master, msgtype );

    /* Program finished. Exit PVM before stopping */

    pvm_exit();

}

float

work(me, n, data, tids, nproc )

    int me, n, *tids, nproc;

    float *data;

{

    int i, dest;

    float psum = 0.0;

    float sum = 0.0;

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

       sum += me * data[i];

    }

    /* illustrate node-to-node communication */

    pvm_initsend( PvmDataDefault );

    pvm_pkfloat( &sum, 1, 1 );

    dest = me+1;

    if( dest == nproc ) dest = 0;

    pvm_send( tids[dest], 22 );

    pvm_recv( -1, 22 );

    pvm_upkfloat( &psum, 1, 1 );

    return( sum+psum );

}

spmd.c

/*

*    SPMD example using PVM 3.0

*/

#define NPROC 4

#include <sys/types.h>

#include "pvm3.h"

main()

{

    int mytid;                  /* my task id */

    int tids[NPROC];            /* array of task id */

    int me;                     /* my process number */

    int i;

    /* enroll in pvm */

    mytid = pvm_mytid();

    /* find out if I am parent or child */

    tids[0] = pvm_parent();

    if( tids[0] < 0 )       /* then I am the parent */

    {

       tids[0] = mytid;

       me = 0;

       /* start up copies of myself */

       pvm_spawn("spmd", (char**)0, 0, "", NPROC-1, &tids[1]);

       /* multicast tids array to children */

       pvm_initsend( PvmDataDefault );

       pvm_pkint(tids, NPROC, 1);

       pvm_mcast(&tids[1], NPROC-1, 0);

    }

    else    /* I am a child */

    {

       /* receive tids array */

       pvm_recv(tids[0], 0);

       pvm_upkint(tids, NPROC, 1);

       for( i=1; i<NPROC ; i++ )

          if( mytid == tids[i] ){ me = i; break; }

     }

/*-----------------------------------------------------------

 * all NPROC tasks are equal now

 * and can address each other by tids[0] thru tids[NPROC-1]

 * for each process me => process number [0-(NPROC-1)]

 *-----------------------------------------------------------

 */

     printf("me = %d mytid = %d\n",me,mytid);

     dowork( me, tids, NPROC );

     /* program finished exit pvm */

     pvm_exit();

     exit(1);

}

/* Simple example passes a token around a ring */

dowork( me, tids, nproc )

     int me;

     int *tids;

     int nproc;

{

     int token;

     int dest;

     int count  = 1;

     int stride = 1;

     int msgtag = 4;

     if( me == 0 )

     { 

        token = tids[0];

        pvm_initsend( PvmDataDefault );

        pvm_pkint( &token, count, stride );

        pvm_send( tids[me+1], msgtag );

        pvm_recv( tids[nproc-1], msgtag );

        printf("token ring done\n");

     }

     else

     {

        pvm_recv( tids[me-1], msgtag );

        pvm_upkint( &token, count, stride );

        pvm_initsend( PvmDataDefault );

        pvm_pkint( &token, count, stride );

        dest = (me == nproc-1)? tids[0] : tids[me+1] ;

        pvm_send( dest, msgtag );

     }

}

timing.c

/*

*
timing.c

*

*
Does a few communication timing tests on pvm.

*
Uses `timing_slave' to echo messages.

*

*
9 Dec 1991  Manchek

*  14 Oct 1992  Geist  - revision to pvm3

*/

#include <stdio.h>

#include <sys/time.h>

#include <time.h>

#include <sys/types.h>

#include <fcntl.h>

#include <stdio.h>

#include <math.h>

#include "pvm3.h"

#define SLAVENAME "timing_slave"

main(argc, argv)


int argc;


char **argv;

{


int mytid;                  /* my task id */


int stid = 0;



/* slave task id */


int reps = 20;



/* number of samples per test */


struct timeval tv1, tv2;
/* for timing */


int dt1, dt2;



/* time for one iter */


int at1, at2;



/* accum. time */


int numint;




/* message length */


int n;


int i;


int *iarray = 0;


/* enroll in pvm */


if ((mytid = pvm_mytid()) < 0) {



exit(1);


}


printf("i'm t%x\n", mytid);


/* start up slave task */


if (pvm_spawn(SLAVENAME, (char**)0, 0, "", 1, &stid) < 0 || stid < 0) {



fputs("can't initiate slave\n", stderr);



goto bail;


}


printf("slave is task t%x\n", stid);


/*


*  round-trip timing test


*/


puts("Doing Round Trip test, minimal message size\n");


at1 = 0;


/* pack buffer */


pvm_initsend(PvmDataRaw);


pvm_pkint(&stid, 1, 1);


puts(" N     uSec");


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



gettimeofday(&tv1, (struct timezone*)0);



if (pvm_send(stid, 1)) {




fprintf(stderr, "can't send to \"%s\"\n", SLAVENAME);




goto bail;



}



if (pvm_recv(-1, -1) < 0) {




fprintf(stderr, "recv error%d\n" );




goto bail;



}



gettimeofday(&tv2, (struct timezone*)0);



dt1 = (tv2.tv_sec - tv1.tv_sec) * 1000000 + tv2.tv_usec - tv1.tv_usec;



printf("%2d %8d\n", n, dt1);



at1 += dt1;


}


printf("RTT Avg uSec %d\n", at1 / reps);


/*


*  bandwidth test for different message lengths


*/


puts("\nDoing Bandwidth tests\n");


for (numint = 25; numint < 100000; numint *= 10) {



printf("\nMessage size %d\n", numint * 4);



at1 = at2 = 0;



iarray = (int*)malloc(numint * sizeof(int));



puts(" N  Pack uSec  Send uSec");



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




gettimeofday(&tv1, (struct timezone*)0);




pvm_initsend(PvmDataRaw);




pvm_pkint(iarray, numint, 1);




gettimeofday(&tv2, (struct timezone*)0);




dt1 = (tv2.tv_sec - tv1.tv_sec) * 1000000





+ tv2.tv_usec - tv1.tv_usec;




gettimeofday(&tv1, (struct timezone*)0);




if (pvm_send(stid, 1)) {





fprintf(stderr, "can't send to \"%s\"\n", SLAVENAME);





goto bail;




}




if (pvm_recv(-1, -1) < 0) {





fprintf(stderr, "recv error%d\n" );





goto bail;




}




gettimeofday(&tv2, (struct timezone*)0);




dt2 = (tv2.tv_sec - tv1.tv_sec) * 1000000





+ tv2.tv_usec - tv1.tv_usec;




printf("%2d   %8d   %8d\n", n, dt1, dt2);




at1 += dt1;




at2 += dt2;



}



at1 /= reps;



at2 /= reps;



puts("Avg uSec");



printf("     %8d   %8d\n", at1, at2);



puts("Avg Byte/uSec");



printf("     %8f   %8f\n",




(numint * 4) / (double)at1,




(numint * 4) / (double)at2);


}


puts("\ndone");

bail:


if (stid > 0)



pvm_kill(stid);


pvm_exit();


exit(1);

}

timing-slave.c

/*

*
timing_slave.c

*

*
See timing.c

*/

#include <sys/types.h>

#include <fcntl.h>

#include <stdio.h>

#include "pvm3.h"

main(argc, argv)


int argc;


char **argv;

{


int mytid;   /* my task id */


int dtid;    /* driver task */


int bufid;


int n = 0;


/* enroll in pvm */


mytid = pvm_mytid();


/* pack mytid in buffer */


pvm_initsend(PvmDataRaw);


pvm_pkint(&mytid, 1, 1);


/* our job is just to echo back to the sender when we get a message */


while (1) {



bufid = pvm_recv(-1, -1);



pvm_bufinfo(bufid, (int*)0, (int*)0, &dtid);



pvm_send(dtid, 2);

/*



printf("echo %d\n", ++n);

*/


}

}

Fork Join Example

/* 

    Fork Join Example 

    Demonstrates how to spawn processes and exchange messages

*/

/* defines and prototypes for the PVM library */

#include <pvm3.h>

/* Maximum number of children this program will spawn */

#define MAXNCHILD   20

/* Tag to use for the joing message */

#define JOINTAG     11

int

main(int argc, char* argv[])

{

    /* number of tasks to spawn, use 3 as the default */

    int ntask = 3;

    /* return code from pvm calls */

    int info;

    /* my task id */

    int mytid;

    /* my parents task id */

    int myparent;

    /* children task id array */

    int child[MAXNCHILD];

    int i, mydata, buf, len, tag, tid;

    /* find out my task id number */

    mytid = pvm_mytid();

    /* check for error */

    if (mytid < 0) { 

        /* print out the error */

        pvm_perror(argv[0]); 

        /* exit the program */ 

        return -1;

        }

    /* find my parent's task id number */

    myparent = pvm_parent();

    /* exit if there is some error other than PvmNoParent */

    if ((myparent < 0) && (myparent != PvmNoParent)) {

        pvm_perror(argv[0]);

        pvm_exit();

        return -1;

        }

    /* if i don't have a parent then i am the parent */

    if (myparent == PvmNoParent) {

        /* find out how many tasks to spawn */

        if (argc == 2) ntask = atoi(argv[1]);

        /* make sure ntask is legal */

        if ((ntask < 1) || (ntask > MAXNCHILD)) { pvm_exit(); return 0; }

        /* spawn the child tasks */

        info = pvm_spawn(argv[0], (char**)0, PvmTaskDefault, (char*)0,

            ntask, child);

        /* print out the task ids */

        for (i = 0; i < ntask; i++) 

            if (child[i] < 0) /* print the error code in decimal*/

                printf(" %d", child[i]);

            else  /* print the task id in hex */

                printf("t%x\t", child[i]);

        putchar('\n');

        /* make sure spawn succeeded */

        if (info == 0) { pvm_exit(); return -1; }

        /* only expect responses from those spawned correctly */

        ntask = info;

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

            /* recv a message from any child process */

            buf = pvm_recv(-1, JOINTAG);

            if (buf < 0) pvm_perror("calling recv");

            info = pvm_bufinfo(buf, &len, &tag, &tid);

            if (info < 0) pvm_perror("calling pvm_bufinfo");

            info = pvm_upkint(&mydata, 1, 1);

            if (info < 0) pvm_perror("calling pvm_upkint");

            if (mydata != tid) printf("This should not happen!\n");

            printf("Length %d, Tag %d, Tid t%x\n", len, tag, tid);

            }

        pvm_exit();

        return 0;

        }

   /* i'm a child */

   info = pvm_initsend(PvmDataDefault);

   if (info < 0) {

      pvm_perror("calling pvm_initsend"); pvm_exit(); return -1;

      }

   info = pvm_pkint(&mytid, 1, 1);

   if (info < 0) {

      pvm_perror("calling pvm_pkint"); pvm_exit(); return -1;

      }

   info = pvm_send(myparent, JOINTAG);

   if (info < 0) {

      pvm_perror("calling pvm_send"); pvm_exit(); return -1;

      }

   pvm_exit();

   return 0;

}

Figure 

shows the output of running forkjoin. Notice that the order the messages were received is nondeterministic. Since the main loop of the parent processes messages on a first-come first-serve basis, the order of the prints are simply determined by time it takes messages to travel from the child tasks to the parent . 

 % forkjoin

 t10001c t40149  tc0037

 Length 4, Tag 11, Tid t40149

 Length 4, Tag 11, Tid tc0037

 Length 4, Tag 11, Tid t10001c

 % forkjoin 4

 t10001e t10001d t4014b  tc0038

 Length 4, Tag 11, Tid t4014b

 Length 4, Tag 11, Tid tc0038

 Length 4, Tag 11, Tid t10001d

 Length 4, Tag 11, Tid t10001e


Figure: Output of fork-join program

Example program: failure.c

/* 

    Failure notification example

    Demonstrates how to tell when a task exits

*/

/* defines and prototypes for the PVM library */

#include <pvm3.h>

/* Maximum number of children this program will spawn */

#define MAXNCHILD   20

/* Tag to use for the task done message */

#define TASKDIED        11

int

main(int argc, char* argv[])

{

    /* number of tasks to spawn, use 3 as the default */

    int ntask = 3;

    /* return code from pvm calls */

    int info;

    /* my task id */

    int mytid;

    /* my parents task id */

    int myparent;

    /* children task id array */

    int child[MAXNCHILD];

    int i, deadtid;

    int tid;

    char *argv[5];

    /* find out my task id number */

    mytid = pvm_mytid();

    /* check for error */

    if (mytid < 0) { 

        /* print out the error */

        pvm_perror(argv[0]); 

        /* exit the program */ 

        return -1;

        }

    /* find my parent's task id number */

    myparent = pvm_parent();

    /* exit if there is some error other than PvmNoParent */

    if ((myparent < 0) && (myparent != PvmNoParent)) {

        pvm_perror(argv[0]);

        pvm_exit();

        return -1;

        }

    /* if i don't have a parent then i am the parent */

    if (myparent == PvmNoParent) {

        /* find out how many tasks to spawn */

        if (argc == 2) ntask = atoi(argv[1]);

        /* make sure ntask is legal */

        if ((ntask < 1) || (ntask > MAXNCHILD)) { pvm_exit(); return 0; }

        /* spawn the child tasks */

        info = pvm_spawn(argv[0], (char**)0, PvmTaskDebug, (char*)0,

            ntask, child);

        /* make sure spawn succeeded */

        if (info != ntask) { pvm_exit(); return -1; }

        /* print the tids */

        for (i = 0; i < ntask; i++) printf("t%x\t",child[i]); putchar('\n');

        /* ask for notification when child exits */

        info = pvm_notify(PvmTaskExit, TASKDIED, ntask, child);

        if (info < 0) { pvm_perror("notify"); pvm_exit(); return -1; }

        /* reap the middle child */

        info = pvm_kill(child[ntask/2]);

        if (info < 0) { pvm_perror("kill"); pvm_exit(); return -1; }

        /* wait for the notification */

        info = pvm_recv(-1, TASKDIED);

        if (info < 0) { pvm_perror("recv"); pvm_exit(); return -1; }

        info = pvm_upkint(&deadtid, 1, 1);

        if (info < 0) pvm_perror("calling pvm_upkint");

        /* should be the middle child */

        printf("Task t%x has exited.\n", deadtid);

        printf("Task t%x is middle child.\n", child[ntask/2]);

        pvm_exit();

        return 0;

        }

    /* i'm a child */

    sleep(63);

    pvm_exit();

    return 0;

}

  

Example program: mmult.c

  

/* 

    Matrix Multiply

*/

/* defines and prototypes for the PVM library */

#include <pvm3.h>

#include <stdio.h>

/* Maximum number of children this program will spawn */

#define MAXNTIDS    100

#define MAXROW      10

/* Message tags */

#define ATAG        2

#define BTAG        3

#define DIMTAG      5

void

InitBlock(float *a, float *b, float *c, int blk, int row, int col)

{

    int len, ind;

    int i,j;

    srand(pvm_mytid());

    len = blk*blk;

    for (ind = 0; ind < len; ind++) 

        { a[ind] = (float)(rand()%1000)/100.0; c[ind] = 0.0; }

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

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

            if (row == col)

                b[j*blk+i] = (i==j)? 1.0 : 0.0;

            else

                b[j*blk+i] = 0.0;

            }

        }

}

void

BlockMult(float* c, float* a, float* b, int blk) 

{

    int i,j,k;

    for (i = 0; i < blk; i++)

        for (j = 0; j < blk; j ++)

            for (k = 0; k < blk; k++)

                c[i*blk+j] += (a[i*blk+k] * b[k*blk+j]);

}

int

main(int argc, char* argv[])

{

    /* number of tasks to spawn, use 3 as the default */

    int ntask = 2;

    /* return code from pvm calls */

    int info;

    /* my task and group id */

    int mytid, mygid;

    /* children task id array */

    int child[MAXNTIDS-1];

    int i, m, blksize;

    /* array of the tids in my row */

    int myrow[MAXROW];

    float *a, *b, *c, *atmp;

    int row, col, up, down;

    /* find out my task id number */

    mytid = pvm_mytid();

    pvm_advise(PvmRouteDirect);

    /* check for error */

    if (mytid < 0) { 

        /* print out the error */

        pvm_perror(argv[0]); 

        /* exit the program */ 

        return -1;

        }

    /* join the mmult group */

    mygid = pvm_joingroup("mmult");

    if (mygid < 0) { 

        pvm_perror(argv[0]); pvm_exit(); return -1; 

        }

    /* if my group id is 0 then I must spawn the other tasks */

    if (mygid == 0) {

        /* find out how many tasks to spawn */

        if (argc == 3) {

            m = atoi(argv[1]);

            blksize = atoi(argv[2]);

            }

        if (argc < 3) {

            fprintf(stderr, "usage: mmult m blk\n");

            pvm_lvgroup("mmult"); pvm_exit(); return -1; 

            }

        /* make sure ntask is legal */

        ntask = m*m;

        if ((ntask < 1) || (ntask >= MAXNTIDS)) { 

            fprintf(stderr, "ntask = %d not valid.\n", ntask);

            pvm_lvgroup("mmult"); pvm_exit(); return -1; 

            }

        /* no need to spawn if there is only one task */

        if (ntask == 1) goto barrier;

        /* spawn the child tasks */

        info = pvm_spawn("mmult", (char**)0, PvmTaskDefault, (char*)0,

            ntask-1, child);

        /* make sure spawn succeeded */

        if (info != ntask-1) { 

            pvm_lvgroup("mmult"); pvm_exit(); return -1; 

            }

        /* send the matrix dimension */

        pvm_initsend(PvmDataDefault);

        pvm_pkint(&m, 1, 1);

        pvm_pkint(&blksize, 1, 1);

        pvm_mcast(child, ntask-1, DIMTAG);

        }

    else {

        /* recv the matrix dimension */

        pvm_recv(pvm_gettid("mmult", 0), DIMTAG);

        pvm_upkint(&m, 1, 1);

        pvm_upkint(&blksize, 1, 1);

        ntask = m*m;

        }

    /* make sure all tasks have joined the group */

barrier:

    info = pvm_barrier("mmult",ntask);

    if (info < 0) pvm_perror(argv[0]);

    /* find the tids in my row */

    for (i = 0; i < m; i++) 

        myrow[i] = pvm_gettid("mmult", (mygid/m)*m + i);

    /* allocate the memory for the local blocks */

    a = (float*)malloc(sizeof(float)*blksize*blksize);

    b = (float*)malloc(sizeof(float)*blksize*blksize);

    c = (float*)malloc(sizeof(float)*blksize*blksize);

    atmp = (float*)malloc(sizeof(float)*blksize*blksize);

    /* check for valid pointers */

    if (!(a && b && c && atmp)) { 

        fprintf(stderr, "%s: out of memory!\n", argv[0]);

        free(a); free(b); free(c); free(atmp);

        pvm_lvgroup("mmult"); pvm_exit(); return -1; 

        }

    /* find my block's row and column */

    row = mygid/m; col = mygid % m;

    /* calculate the neighbor's above and below */

    up = pvm_gettid("mmult", ((row)?(row-1):(m-1))*m+col);

    down = pvm_gettid("mmult", ((row == (m-1))?col:(row+1)*m+col));

    /* initialize the blocks */

    InitBlock(a, b, c, blksize, row, col);

    /* do the matrix multiply */

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

        /* mcast the block of matrix A */

        if (col == (row + i)%m) {

            pvm_initsend(PvmDataDefault);

            pvm_pkfloat(a, blksize*blksize, 1);

            pvm_mcast(myrow, m, (i+1)*ATAG);

            BlockMult(c,a,b,blksize);

            }

        else {

            pvm_recv(pvm_gettid("mmult", row*m + (row +i)%m), (i+1)*ATAG);

            pvm_upkfloat(atmp, blksize*blksize, 1);

            BlockMult(c,atmp,b,blksize);

            }

        /* rotate the columns of B */

        pvm_initsend(PvmDataDefault);

        pvm_pkfloat(b, blksize*blksize, 1);

        pvm_send(up, (i+1)*BTAG);

        pvm_recv(down, (i+1)*BTAG);

        pvm_upkfloat(b, blksize*blksize, 1);

        }

    /* check it */

    for (i = 0 ; i < blksize*blksize; i++) 

        if (a[i] != c[i]) 

            printf("Error a[%d] (%g) != c[%d] (%g) \n", i, a[i],i,c[i]);

    printf("Done.\n");

    free(a); free(b); free(c); free(atmp);

    pvm_lvgroup("mmult");

    pvm_exit();

    return 0;

}

One-Dimensional Heat Equation 

Here we present a PVM program that calculates heat diffusion through a substrate, in this case a wire. Consider the one-dimensional heat equation on a thin wire: 

[image: image2.png]



and a discretization of the form 

[image: image3.png]



giving the explicit formula 

[image: image4.png]



initial and boundary conditions: 

[image: image5.png]



The pseudo code for this computation is as follows: 

    for i = 1:tsteps-1;

        t = t+dt;

        a(i+1,1)=0;

        a(i+1,n+2)=0;

        for j = 2:n+1;

            a(i+1,j)=a(i,j) + mu*(a(i,j+1)-2*a(i,j)+a(i,j-1)); 

        end;

        t;

        a(i+1,1:n+2);

        plot(a(i,:))

    end

For this example we will use a master-slave programming model. The master, heat.c, spawns five copies of the program heatslv. The slaves compute the heat diffusion for subsections of the wire in parallel. At each time step the slaves exchange boundary information, in this case the temperature of the wire at the boundaries between processors. 

Let's take a closer look at the code. In heat.c the array solution will hold the solution for the heat diffusion equation at each time step. This array will be output at the end of the program in xgraph format. (xgraph is a program for plotting data.) First the heatslv tasks are spawned. Next, the initial data set is computed. Notice that the ends of the wires are given initial temperature values of zero. 

The main part of the program is then executed four times, each with a different value for [image: image6.png]


. A timer is used to compute the elapsed time of each compute phase. The initial data sets are sent to the heatslv tasks. The left and right neighbor task ids are sent along with the initial data set. The heatslv tasks use these to communicate boundary information. (Alternatively, we could have used the PVM group calls to map tasks to segments of the wire. By using the group calls we would have avoided explicitly communicating the task ids to the slave processes.) 

After sending the initial data, the master process simply waits for results. When the results arrive, they are integrated into the solution matrix, the elapsed time is calculated, and the solution is written out to the xgraph file. 

Once the data for all four phases has been computed and stored, the master program prints out the elapsed times and kills the slave processes. 

Example program: heat.c

/*

heat.c

  Use PVM to solve a simple heat diffusion differential equation, 

  using 1 master program and 5 slaves.

  The master program sets up the data, communicates it to the slaves 

  and waits for the results to be sent from the slaves. 

  Produces xgraph ready files of the results.

*/

#include "pvm3.h"

#include <stdio.h>

#include <math.h>

#include <time.h>

#define SLAVENAME "heatslv"

#define NPROC 5

#define TIMESTEP 100

#define PLOTINC 10

#define SIZE 1000

int num_data = SIZE/NPROC;

main()

{   int mytid, task_ids[NPROC], i, j;

    int left, right, k, l;

    int step = TIMESTEP;

    int info;

    double init[SIZE], solution[TIMESTEP][SIZE]; 

    double result[TIMESTEP*SIZE/NPROC], deltax2; 

    FILE *filenum;

    char *filename[4][7];

    double deltat[4];

    time_t t0;

    int etime[4];

    filename[0][0] = "graph1";

    filename[1][0] = "graph2";

    filename[2][0] = "graph3";

    filename[3][0] = "graph4";

    deltat[0] = 5.0e-1;

    deltat[1] = 5.0e-3;

    deltat[2] = 5.0e-6;

    deltat[3] = 5.0e-9;

/* enroll in pvm */

    mytid = pvm_mytid();

/* spawn the slave tasks */

    info = pvm_spawn(SLAVENAME,(char **)0,PvmTaskDefault,"",

        NPROC,task_ids); 

/* create the initial data set */

    for (i = 0; i < SIZE; i++)

        init[i] = sin(M_PI * ( (double)i / (double)(SIZE-1) )); 

    init[0] = 0.0;

    init[SIZE-1] = 0.0;

/* run the problem 4 times for different values of delta t */

    for (l = 0; l < 4; l++) {

        deltax2 = (deltat[l]/pow(1.0/(double)SIZE,2.0)); 

        /* start timing for this run */

        time(&t0);

        etime[l] = t0;

/* send the initial data to the slaves. */

/* include neighbor info for exchanging boundary data */

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

            pvm_initsend(PvmDataDefault);

            left = (i == 0) ? 0 : task_ids[i-1];

            pvm_pkint(&left, 1, 1);

            right = (i == (NPROC-1)) ? 0 : task_ids[i+1]; 

            pvm_pkint(&right, 1, 1);

            pvm_pkint(&step, 1, 1);

            pvm_pkdouble(&deltax2, 1, 1);

            pvm_pkint(&num_data, 1, 1);

            pvm_pkdouble(&init[num_data*i], num_data, 1); 

            pvm_send(task_ids[i], 4);

            }

/* wait for the results */

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

            pvm_recv(task_ids[i], 7);

            pvm_upkdouble(&result[0], num_data*TIMESTEP, 1); 

/* update the solution */

            for (j = 0; j < TIMESTEP; j++)

                for (k = 0; k < num_data; k++)

                    solution[j][num_data*i+k] = result[wh(j,k)]; 

            }

/* stop timing */

        time(&t0);

        etime[l] = t0 - etime[l];

/* produce the output */

        filenum = fopen(filename[l][0], "w");

        fprintf(filenum,"TitleText: Wire Heat over Delta Time: %e\n",

            deltat[l]);

        fprintf(filenum,"XUnitText: Distance\nYUnitText: Heat\n");

        for (i = 0; i < TIMESTEP; i = i + PLOTINC) {

            fprintf(filenum,"\"Time index: %d\n",i);

            for (j = 0; j < SIZE; j++)

                fprintf(filenum,"%d %e\n",j, solution[i][j]);

            fprintf(filenum,"\n");

            }

        fclose (filenum);

    }

/* print the timing information */

    printf("Problem size: %d\n",SIZE);

    for (i = 0; i < 4; i++)

        printf("Time for run %d: %d sec\n",i,etime[i]); 

/* kill the slave processes */

    for (i = 0; i < NPROC; i++) pvm_kill(task_ids[i]);

    pvm_exit();

}

int wh(x, y)

int x, y;

{

    return(x*num_data+y);

}

The heatslv programs do the actual computation of the heat diffusion through the wire. The slave program consists of an infinite loop that receives an initial data set, iteratively computes a solution based on this data set (exchanging boundary information with neighbors on each iteration), and sends the resulting partial solution back to the master process. 

Rather than using an infinite loop in the slave tasks, we could send a special message to the slave ordering it to exit. To avoid complicating the message passing, however, we simply use the infinite loop in the slave tasks and kill them off from the master program. A third option would be to have the slaves execute only once, exiting after processing a single data set from the master. This would require placing the master's spawn call inside the main for loop of heat.c. While this option would work, it would needlessly add overhead to the overall computation. 

For each time step and before each compute phase, the boundary values of the temperature matrix are exchanged. The left-hand boundary elements are first sent to the left neighbor task and received from the right neighbor task. Symmetrically, the right-hand boundary elements are sent to the right neighbor and then received from the left neighbor. The task ids for the neighbors are checked to make sure no attempt is made to send or receive messages to nonexistent tasks.   

