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MPI Broadcast and Collective Communication
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MPI Bcast (
void* data,
int count,
MPI Datatype datatype,
int root,
MPI Comm communicator)
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void my bcast (void* data, int count, MPI Datatype datatype, int root

, MPI Comm communicator) {

int world rank;
MPI Comm rank (communicator, &world rank) ;
int world size;
MPI Comm size (communicator, &world size) ;

if (world rank == root) {
// If wg are the root process, send our data to everyone
int i;
for (i = 0; i < world size; i++) {
if (i != world rank) {

MPI Send (data, count, datatype, i, 0, communicator) ;

}

}

} else {
// If we are a receiver process, receive the data from the root

MPI_Recv(data, count, datatype, root, 0, communicator,
MPI STATUS IGNORE) ;

}
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MPI Scatter (

void* send data,

int send count,

MPI Datatype send datatype,

void* recv data,

int recv_count,

MPI Datatype recv datatype,

int root,

MPI Comm communicator)
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MPI Gather (
void* send data,
int send count,
MPI Datatype send datatype,
void* recv data,
int recv_count,
MPI Datatype recv datatype,
int root,
MPI Comm communicator)
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MPI Allgather (
void* send data,
int send count,
MPI Datatype send datatype,
void* recv data,
int recv_count,
MPI Datatype recv datatype,
MPI Comm communicator)
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MPI Reduce (

void* send data,

void* recv_data,

int count,

MPI Datatype datatype,

MPI Op op,

int root,

MPI Comm communicator)

MPI_Reduce
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e  MPI_ MAX - Returns the maximum element.
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e  MPI_MIN - Returns the minimum element.

e  MPI SUM - Sums the elements.

e MPI_PROD - Multiplies all elements.

e MPI_LAND - Performs a logical andacross the elements.

e MPI_LOR - Performs a logical oracross the elements.

e MPI BAND - Performs a bitwise andacross the bits of the elements.

e MPI BOR - Performs a bitwise oracross the bits of the elements.

e MPI_MAXLOC - Returns the maximum value and the rank of the process that owns it.

e MPI_MINLOC - Returns the minimum value and the rank of the process that owns it.

:MPI_Allreduce

ooy ool Alaall o Yoy Slkeal) aar pe Laasll mlidl () Jssosd! Aleall clapdastl (e dpuall llass
Ig‘,g L ga @LLU gj;)’l G.Sj.q.dl Sldeadl 8K e él.u.ll 2959 f°‘~"‘."” Jla MPI_Allreduce

MPI Allreduce (

void* send data,

void* recv data,

int count,

MPI Datatype datatype,

MPI Op op,

MPI Comm communicator)

MPI_Allreduce
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#include <stdio.h>
#include <stdlib.h>
#include <mpi.h>

#include <assert.h>

void my_bcast(void* data, int count, MPI_Datatype datatype, int root,
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MPI_Comm communicator) {
int world_rank;
MPI_Comm_rank(communicator, &world_rank);
int world_size;

MPI_Comm_size(communicator, &world_size);

if (world_rank ==root) { // If we are the root process, send our data to everyone

inti;

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

if (i = world_rank) { MPI_Send(data, count, datatype, i, 0, communicator); }

}

}else { // If we are a receiver process, receive the data from the root

MPI_Recv(data, count, datatype, root, 0, communicator, MPI_STATUS_IGNORE)

}

}

int main(int argc, char** argv) {
if (arge 1= 3) {

fprintf(stderr, "Usage: compare_bcast num_elements num_trials\n");
exit(1);
}
int num_elements = atoi(argv[1]);
int num_trials = atoi(argv[2]);
MPL_Inie(NULL, NULL);
int world_rank;
MPI_Comm_rank(MPI_COMM_WORLD, &world_rank);
double total_my_bcast_time =0.0;
double total_mpi_bcast_time =0.0;
inti;
int* data = (int*)malloc(sizeof(int) * num_elements);
assert(data != NULL);
for (i=0; i < num_trials; i++) {
// Time my_bcast
// Synchronize before starting timing

MPI_Barrier(MPI_COMM_WORLD);
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total_my_bcast_time -= MPI_Wtime();

my_bcast(data, num_elements, MPI_INT, 0, MPI_COMM_WORLD);
// Synchronize again before obtaining final time
MPI_Barrier(MPI_COMM_WORLD);

total_my_bcast_time += MPI_Wtime();

// Time MP|_Bcast

MPI_Barrier(MPI_COMM_WORLD);

total_mpi_bcast_time -= MPI_Wtime();

MPI_Bcast(data, num_elements, MPI_INT, 0, MPI_COMM_WORLD);
MPI_Barrier(MPI_COMM_WORLD);

total_mpi_bcast_time += MPI_Wtime();

// Print off timing information
if (world_rank == 0) {
printf("Data size = %d, Trials = %d\n", num_elements * (int)sizeof(int),
num_trials);
printf("Avg my_bcast time = %If\n", total_my_bcast_time / num_trials);
printf("Avg MPI_Bcast time = %If\n", total_mpi_bcast_time / num_trials);
}
free(data);

MPI_Finalize();

MPI_Scatter and MPI_Gather alusiwly lustl lawgill il wgllall :2cuy)s 2.3

#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#include <mpi.h>
#include <assert.h>
// Creates an array of random numbers. Each number has a value from 0 - 1
float *create_rand_nums(int num_elements) {
float *rand_nums = (float *)malloc(sizeof(float) * num_elements);

assert(rand_nums != NULL);
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inti;

for (i=0; i < num_elements; i++) { rand_nums]i] = (rand() / (float)RAND_MAX); }
return rand_nums;
}
// Computes the average of an array of numbers
float compute_avg(float *array, int num_elements) {

float sum=0.f;

inti;

for (i=0; i <num_elements; i++) { sum += arrayl[i]; }

return sum / num_elements;

}
int main(int argc, char** argv) {
if (arge!1=2) {
fprintf(stderr, "Usage: avg num_elements_per_proc\n");
exit(1);
}

int num_elements_per_proc = atoi(argv[1]);

// Seed the random number generator to get different results each time
srand(time(NULL));

MPI_Init(NULL, NULL);

int world_rank;

MPI_Comm_rank(MPI_COMM_WORLD, &world_rank);

int world_size;

MPI_Comm_size(MPI_COMM_WORLD, &world_size);

// Create arandom array of elements on the root process. Its total size will be the number of elements per process times the
number of processes

float *rand_nums =NULL;

if (world_rank==0) { rand_nums = create_rand_nums(num_elements_per_proc * world_size); }
// For each process, create a buffer that will hold a subset of the entire array

float *sub_rand_nums = (float *)malloc(sizeof(float) * num_elements_per_proc);
assert(sub_rand_nums = NULL);

// Scatter the random numbers from the root process to all processes in the MPl world
MPI_Scatter(rand_nums, num_elements_per_proc, MPI_FLOAT, sub_rand_nums,

num_elements_per_proc, MPI_FLOAT, 0, MPI_COMM_WORLD);

// Compute the average of your subset

float sub_avg = compute_avg(sub_rand_nums, num_elements_per_proc);

// Gather all partial averages down to the root process

float *sub_avgs = NULL;

if (world_rank ==0) {
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sub_avgs = (float *)malloc(sizeof(float) * world_size);

assert(sub_avgs = NULL);
}
MPI_Gather(&sub_avg, 1, MPI_FLOAT, sub_avgs, 1, MPI_FLOAT, 0, MPI_COMM_WORLD);
if (world_rank ==0) {

float avg = compute_avg(sub_avgs, world_size);

printf("Avg of all elements is %f\n", avg);

// Compute the average across the original data for comparison

float original_data_avg = compute_avg(rand_nums, num_elements_per_proc * world_size);

printf("Avg computed across original data is %f\n", original_data_avg);

}

// Clean up

if (world_rank ==0) {
free(rand_nums);
free(sub_avgs);

}

free(sub_rand_nums);
MPI_Barrier(MPI_COMM_WORLD);
MPI_Finalize();

MPI_Allgather alaziwly Hlusd! awgild| clus wglall :3c0,us5 3.3

#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#include <mpi.h>
#include <assert.h>
// Creates an array of random numbers. Each number has a value from 0 - 1
float *create_rand_nums(int num_elements) {
float *rand_nums = (float *)malloc(sizeof(float) * hum_elements);
assert(rand_nums != NULL);
inti;
for (i=0; i <num_elements; i++) { rand_nums[i] = (rand() / (float) RAND_MAX); }
return rand_nums;

}

// Computes the average of an array of numbers
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float compute_avg(float *array, int num_elements) {
float sum =0.f;
inti;
for (i=0; i <num_elements; i++) { sum += array[i]; }
return sum / num_elements;
}
int main(int argc, char®* argv) {
if (arge 1=2) {
fprintf(stderr, "Usage: avg num_elements_per_proc\n");
exit(1);
}
int num_elements_per_proc = atoi(argv[1]);
// Seed the random number generator to get different results each time
srand(time(NULL));
MPL_Init(NULL, NULL);
int world_rank;
MPI_Comm_rank(MPI_COMM_WORLD, &world_rank);
int world_size;
MPI_Comm_size(MPI_COMM_WORLD, &world_size);
float *rand_nums = NULL;
if (world_rank ==0){ rand_nums = create_rand_nums(num_elements_per_proc * world_size); }
// For each process, create a buffer that will hold a subset of the entire array
float *sub_rand_nums = (float *)malloc(sizeof(float) * num_elements_per_proc);
assert(sub_rand_nums = NULL);
// Scatter the random numbers from the root process to all processes in the MPl world
MPI_Scatter(rand_nums, num_elements_per_proc, MPI_FLOAT, sub_rand_nums,
num_elements_per_proc, MPI_FLOAT, 0, MPI_COMM_WORLD);
// Compute the average of your subset
float sub_avg = compute_avg(sub_rand_nums, num_elements_per_proc);
// Gather all partial averages down to all the processes
float *sub_avgs = (float *)malloc(sizeof(float) * world_size);
assert(sub_avgs 1= NULL);
MPI_Allgather(&sub_avg, 1, MPI_FLOAT, sub_avgs, 1, MPI_FLOAT, MPI_COMM_WORLD);
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float avg = compute_avg(sub_avgs, world_size);

printf("Avg of all elements from proc %d is %f\n", world_rank, avg);
// Clean up

if (world_rank==0){ free(rand_nums); }

free(sub_avgs);

free(sub_rand_nums);

MPI_Barrier(MPI_COMM_WORLD);

MPI_Finalize();
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