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0.1 General Setup

Instead of using the LAD access provided by the pro-
fessor, we ran our batch job on one node in the Cer-
rado cluster. That is because we developed in C++17
and needed a newer version of GCC and OpenMPI
than the one provided by LAD, and we already had
a batch job configured from previous works.

All experiments were executed three times and
then the average execution time and the standard
deviation were calculated. For the implementation
using MPI, we used the master-slave architecture. In
short, the slave asks the master for a job, the mas-
ter sends the job to the slave, the slave processes the
job and returns the result. The master waits for the
slave’s results using an asynchronous call. Finally,
when all jobs are completed, the master waits for all
the asynchronous results of the slaves and asks the
slave to ‘commit suicide’!.

0.2 Bubble Sort

The bubble sort problem addressed here consists of
sorting 1000 vectors with 2500 integers. Each slave
receives a vector to sort and return the sorted vector
to the master. Figure 1 shows the
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1What a horrible scenario!
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Figure 2: Speedup x Efficiency

0.3 Linear Regression

Linear regression is an algorithm used for predictive
analysis. In summary, the algorithm finds a relation-
ship between x and y and can predict a new y using
as input a x not yet known by the model. To test the
algorithm, we used 100000000 = and y points.
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Figure 3: Execution Time x Efficiency

0.4 Results

Results of your interviews or observations. Use infor-
mation and/or quotes from your interview or obser-
vations.
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Appendix A

Bubble

#include <iostream>
#include <vector>

using namespace std;

namespace dataset {
vector<int> get_vector(int vector_size) {
vector<int> v;
for (int i = 0; i < vector_size; i++) {
v.push_back(vector_size - i);
}

return v;

vector<vector<int>> get_dataset(int number_vectors, int vector_size) {
vector<vector<int>> vectors;
vector<int> v = get_vector(vector_size);
for (int i = 0; i < number_vectors; i++) {
vectors.push_back(v) ;

return vectors;

}
Y/

namespace

Listing A.1: Dataset generator

#include "dataset-generator.cpp"
#include <chrono>

#include <cstdio>

#include <fstream>

#include <iostream>

#include <sstream>

#include <tuple>

#include <vector>

using namespace std;

vector<vector<int>> load_dataset(int number_vectors, int vector_size) {

chrono: :steady_clock: :time_point begin = chrono::steady_clock::now();
vector<vector<int>> vectors =

dataset::get_dataset (number_vectors, vector_size);
chrono: : steady_clock: : time_point end = chrono::steady_clock: :now();
double total_time =

chrono uration_cast<chrono::duration<double>>(end - begin).count();
cout << "Time load dataset (s): " << total_time << endl;
return vectors;

¥

vector<int> bubble_sort(vector<int> v) {
int n = v.size();
int ¢ = 0;
int temp;
int swapped =

while ((c < (n - 1)) & swapped) {
swapped = 0
for (int d = 0; d < n - ¢ - 1; d++)
if (v.at(d) > v.at(d + 1)) {

temp = v.at(d);
v.at(d) = v.at(d + 1);
v.at(d + 1) = temp;
swapped = 1;
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ort Source Code

return v;

int main(int argc, char x*argv) {
int number_vectors = atoi(argv[1]);
int vector_size = atoi(argv[2]);
vector<vector<int>> vectors = load_dataset(number_vectors, vector_size);

chrono: : steady_clock: :time_point begin = chrono: :steady_clock: :now();
for (int i = 0; i < vectors.size(); i++) {

vector<int> v = vectors.at(i);

vector<int> v_sorted = bubble_sort(v);

chrono: : steady_clock: : time_point end = chrono: :steady_clock: :now() ;
double total_time =
chrono: :duration_cast<chrono: :duration<double>>(end - begin).count();

cout << "Number vectors: " << number_vectors << endl;
cout << "Vector size: << vector_size << endl;
cout << "Time sort (s): " << total_time << endl;

return 0;
Listing A.2: Bubble Sort Sequential

#include "dataset-generator.cpp"
#include <chrono>

#include <cstdio>

#include <fstream>

#include <iostream>

#include <mpi.h>

#include <sstream>

#include <tuple>

#include <vector>

using namespace std;

string get_hostname() {
std::ifstream file("/etc/hostname");
std::stringstream buffer;
buffer << file.rdbuf();
return buffer.str();

¥

vector<vector<int>> load_dataset(int number_vectors, int vector_size) {

chrono: : steady_clock: : time_point begin = chrono: :steady_clock: :now();
vector<vector<int>> vectors =

dataset::get_dataset (number_vectors, vector_size);
chrono: :steady_clock: :time_point end = chrono::steady_clock::now();
double total_time =

chrono: :duration_cast<chrono: :duration<double>>(end - begin).count();
cout << "Time load dataset (s): " << total_time << endl;
return vectors;

¥

vector<int> bubble_sort(vector<int> v) {
int n = v.size();

int swapped =




127 MPI_Wait(&receive_requests.at(i), &status);

while ((c < (n - 1)) & swapped) { 128
swapped = 0 129
for (int d = 0; d < n - ¢ - 1; d++) 130 // Kill all worker
if (v.at(d) > v.at(d + 1)) { 131 int kill_value 1;
temp = v.at(d); 132 for (int i = 1; i < num_processes; i++) {
v.at(d) = v.at(d + 1); 133 MPI_Send(&kill_value, 1, MPI_INT, i, kill_tag, MPI_COMM_WORLD);
v.at(d + 1) = temp; 134 }
swapped = 1; 135
136 double end = MPI_Wtime();
cHt; 137 double total_time = end - begin;
} 138
139 cout << "Number processes: " << num_processes << endl;
return v; 140 cout << "Number vectors: " << number_vectors << endl
} 141 cout << "Vector size: " << vector_size << endl
142 cout << "Time sort (s): " << total_time << endl;
int main(int argc, char xxargv) { 143 }
int number_vectors = atoi(argv[1]); 144 MPI_Finalize()
int vector_size = atoi(argv[2]); 145
146 return 0;

int vector_tag =
int kill_tag = 2;

it e vecior_tag - 5 Listing A.3: Bubble Sort MPI

MPI_Status status;
int my_rank;
int num_processes;

MPI_Init(Zargc, &argv);
MPI_Comm_rank (MPT_COMM_WORLD, &my_rank) ;
MPI_Comm_size (MPI_COMM_WORLD, &num_processes);

cout << "Hostname (" << my_rank << "): " << get_hostname() << endl;

if (my_rank != 0) {
int master = 0;
int ask_for_message =
int kill_flag = 0;
while (!kill_flag) {
if (ask_for_message) {
// Will
// already processed.
MPI_Send(&ask_for_message, 1, MPI_INT, master,
request_vector_tag, MPI_COMM_WORLD) ;
ask_for_message = 0;

only send a new requ en the last request was

// T
int has_message = 0;
MPI_Iprobe(master, vector_tag, MPI_COMM_WORLD, &has_message,
&status) ;
if (has_message) {
vector<int> v;
v.resize(vector_size);
MPI_Recv(&v[0], vector_size, MPI_INT, master, vector_tag,
MPI_COMM_WORLD, &status);

whether the master submitted a new

vector<int> v_sorted = bubble_sort(v);
MPI_Send(&v_sorted[0], vector_size, MPI_INT, master, vector_tag,
MPI_COMM_WORLD) ;

ask_for_message = 1;

¥
// Check for a ’suicide’ request.
MPI_Iprobe(master, kill_tag, MPI_COMM_WORLD, &kill_flag, &status);
}
} else {

vector<vector<int>> vectors = load_dataset(number_vectors, vector_size);
double begin = MPI_Wtime();

ceived from workers

// Store async requests
vector<MPI_Request> receive_requests(number_vectors);
vector<vector<int>> ordered_vectors(number_vectors);

int worker_request = 0;
for (int i = 0; i < vectors.size(); i++) {
vector<int> v = vectors.at(i);
MPI_Recv(&worker_request, 1, MPI_INT, MPI_ANY_SOURCE,
request_vector_tag, MPI_COMM_WORLD, &status);
// Send the vector to the worker.
MPI_Send(&v[0], vector_size, MPI_INT, status.MPI_SOURCE, vector_tag,
MPI_COMM_WORLD) ;

ordered_vectors[i] .resize(vector_size);

MPI_Irecv(&ordered_vectors[i][0], vector_size, MPI_INT,
status.MPI_SOURCE, vector_tag, MPI_COMM_WORLD,
greceive_requests[il);

// Wait for all req
for (int i = 0; i < vectors.size(); i++) {




Appendix B

Linear Regression Source Code

#include <iostream>
#include <vector>

using namespace std;

namespace dataset {
vector<int> get_vector(int vector_size) {
vector<int> v;
for (int i = 0; i < vector_size; i++) {
v.push_back(vector_size - i);

return v;

vector<vector<int>> get_dataset(int number_vectors, int vector_size) {
vector<vector<int>> vectors;
vector<int> v = get_vector(vector_size);
for (int i = 0; i < number_vectors; i++) {
vectors.push_back(v) ;

return vectors;

e

ce dataset

Listing B.1: Dataset generator

#include "dataset-generator.cpp"
#include <chrono>

#include <cstdio>

#include <fstream>

#include <iostream>

#include <sstream>

#include <tuple>

#include <vector>

using namespace std;

vector<dataset::Point> load_dataset(unsigned long long int number_points) {
chrono: :steady_clock: :time_point begin = chrono::steady_clock: :now();
vector<dataset::Point> points = dataset::get_dataset(number_points);
chrono: : steady_clock: : time_point end = chrono::steady_clock: :now();
double total_time = chrono::duration<double>(end - begin).count();
cout << "Time load dataset (s): " << total_time << endl;
return points;

}

tuple<double, double, double> execute_lr(vector<dataset::Point> points) {
chrono: :steady_clock::time_point begin = chrono::steady_clock::now();

unsigned long long int x_sum = 0;
unsigned long long int y_sum = 0;
unsigned long long int x_squared_sum = 0;
unsigned long long int xy_sum = 0;

int n = (int)points.size();

for (unsigned long long int i = 0; i < n; i++) {
int x_aux = points.at(i).x;
int y_aux = points.at(i).y;

x_sum += x_aux;
y_sum += y_aux;
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#include "dataset-generator.cpp

X_squared_sum += X_aux * X_aux;
Xy_sum += X_aux * y_aux;

chrono: :steady_clock: :time_point end = chrono::steady_clock: :now();
double total_time = chrono::duration<double>(end - begin).count();

double slope = ((double)(n * xy_sum - x_sum * y_sum)) /
((double) (n * x_squared_sum - x_sum * x_sum));
double intercept = ((double)(y_sum - slope * x_sum)) / n;

return make_tuple(total_time, slope, intercept);

main(int argc, char **argv) {

unsigned long long int number_points = atoll(argv[1]);
vector<dataset::Point> points = load_dataset(number_points);
tuple<double, double, double> results = execute_lr(points);

double total_time = get<0>(results);
double slope = get<1>(results);
double intercept = get<2>(results);

cout << "Time linear regression (s): " << total_time << endl;
cout << "Slope: " << slope << endl;

cout << "Intercept: " << intercept << endl;

return 0;

Listing B.2: Linear Regression Sequential

#include <chrono>
#include <cstdio>
#include <fstream>
#include <iostream>
#include <mpi.h>
#include <sstream>
#include <tuple>
#include <vector>

using namespace std;

Store the results from each

struct RegressionSubResults {

b S

unsigned long long int x_sum;
unsigned long long int y_sum;
unsigned long long int x_squared_sum;
unsigned long long int xy_sum;

string get_hostname() {

¥

std::ifstream file("/etc/hostname");
std::stringstream buffer;

buffer << file.rdbuf();

return buffer.str();

vector<dataset::Point> load_dataset(unsigned long long int number_points) {

double begin = MPI_Wtime();
vector<dataset::Point> points = dataset::get_dataset (number_points);
double end = MPI_Wtime();
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}

// Perform linear r

double total_time = end - begin;
cout << "Time load dataset (s): " << total_time << endl;
return points;

sion on the subvector

RegressionSubResults execute_lr(vector<dataset::Point> points) {

unsigned long long int x_sum = 0;
unsigned long long int y_sum = 0;
unsigned long long int x_squared_sum = 0;
unsigned long long int xy_sum = O;

int n = (int)points.size();

for (unsigned long long int i = 0; i < nj; i++) {
int x_aux = points.at(i).x;
int y_aux = points.at(i).y;

X_sum += x_aux;
y_sum += y_aux;

X_squared_sum += X_aux * X_aux;
Xy_sum += X_aux * y_aux;

}
return {
.X_sum = x_sum,
.y_sum = y_sum,
.x_squared_sum = x_squared_sum,
.Xy_sum = xy_sum,
}

main(int argc, char *xargv) {
unsigned long long int number_points = atoll(argv[1l);
unsigned long long int granularity = atoll(argv[2]);

int vector_tag =
int kill_tag = 2;
int request_vector_tag = 3;

int number_grains = number_points / granularity;
MPI_Status status;

int my_rank;

int num_processes;

MPI_Init(&argc, &argv);
MPI_Comm_rank (MPI_COMM_WORLD, &my_rank);
MPI_Comm_size(MPI_COMM_WORLD, &num_processes);

cout << "Hostname (" << my_rank << "): " << get_hostname() << endl;

if ((number_points % gramularity) > 0) {
// This avoids the need to deal th the
cout << "Error: granularity must be a multiple of the number of points."
<< endl;
MPI_Abort (MPI_COMM_WORLD, -1);

last elements of the array.

// Commit Point struct to MPI.

MPI_Datatype MPI_POINT_TYPE

int block_lengths_point[2] = {1, 1};

MPI_Aint displacements_point[2] = {offsetof(dataset::Point, x),

offsetof (dataset: :Point, y)};

MPI_Datatype types_point[2] = {MPI_INT, MPI_INT};

MPI_Type_create_struct(2, block_lengths_point, displacements_point,
types_point, &MPI_POINT_TYPE);

MPI_Type_commit (4MPI_POINT_TYPE) ;

// Commit Regr ionSubResults struct to MPI

MPI_Datatype MPI_REGRESSION_SUB_RESULTS_TYPE;

int block_lengths_regression_sub_results[4] = {1, 1,

MPI_Aint displacements_regression_sub_results[4] = {

offsetof (RegressionSubResults, x_sum),
offsetof (RegressionSubResults, y_sum),
offsetof (RegressionSubResults, x_squared_sum),
offsetof (RegressionSubResults, xy_sum)};

MPI_Datatype types_regression_sub_results[4] = {

MPI_LONG_LONG_INT, MPI_LONG_LONG_INT, MPI_LONG_LONG_INT,
MPI_LONG_LONG_INT};

MPI_Type_create_struct(4, block_lengths_regression_sub_results,
displacements_regression_sub_results,
types_regression_sub_results,
&MPI_REGRESSION_SUB_RESULTS_TYPE) ;

MPI_Type_commit (4MPI_REGRESSION_SUB_RESULTS_TYPE) ;

1, 1};

if (my_rank != 0) {
int master = 0;
int ask_for_message =
int kill_flag = 0;
while (!kill_flag) {
if (ask_for_message) {

131

// Will only a new requ
// alread; d.
MPI_Send(&ask_for_message, 1, MPI_INT, master,

request_vector_tag, MPI_COMM_WORLD) ;
ask_for_message = 0;

en the last request was

¥
// Te:
int has_message = 0;
MPI_Iprobe(master, vector_tag, MPI_COMM_WORLD, &has_message,
&status) ;
if (has_message) {
vector<dataset::Point> points;
points.resize(granularity);
MPI_Recv(&points[0], granularity, MPI_POINT_TYPE, master,
vector_tag, MPI_COMM_WORLD, &status);

whether the master submitted a nc job

RegressionSubResults sub_results = execute_lr(points);
MPI_Send(ksub_results, 1, MPI_REGRESSION_SUB_RESULTS_TYPE,
master, vector_tag, MPI_COMM_WORLD);

ask_for_message = 1;

// Check for a ’suicide’ reque
MPI_Iprobe(master, kill_tag, MPI_COMM_WORLD, &kill_flag, &status);

¥
} else {
vector<dataset::Point> points = load_dataset(number_points);

double begin = MPI_Wtime();

// Store async requests received from workers

vector<MPI_Request> receive_requests(number_grains);
vector<RegressionSubResults> regression_sub_results(number_grains);

int grain = 0;
int worker_request = 0;
while (number_points > (grain * granularity)) {
MPI_Recv(&worker_request, 1, MPI_INT, MPI_ANY_SOURCE,
request_vector_tag, MPI_COMM_WORLD, &status);
// Send the ne
MPI_Send(&points[(grain * granularity)], granularity,
MPI_POINT_TYPE, status.MPI_SOURCE, vector_tag,
MPI_COMM_WORLD) ;
MPI_Irecv(&regression_sub_results[grain], 1,
MPI_REGRESSION_SUB_RESULTS_TYPE, status.MPI_SOURCE,
vector_tag, MPI_COMM_WORLD, &receive_requests[grain]);
grain++;

t elements from the dataset to the worker

RegressionSubResults results = {
.x_sum = 0,
.y_sum = 0,
.x_squared_sum = 0,
.Xy_sum = 0,

};

// Collect the r of all workers.

for (int i 0; i < number_grains; i++) {
MPI_Wait(&receive_requests.at(i), &status);
RegressionSubResults sub_results = regression_sub_results.at(i);
results.x_sum += sub_results.x_sum;
results.y_sum += sub_results.y_sum;
results.x_squared_sum += sub_results.x_squared_sum;
results.xy_sum += sub_results.xy_sum;

// Kill all workers
int kill_value = 1;
for (int i = 1; i < num_processes; i++) {
MPI_Send(#kill_value, 1, MPI_INT, i, kill_tag, MPI_COMM_WORLD);

double end = MPI_Wtime();
double total_time = end - begin;

double slope = ((double) (number_points * results.xy_sum -
results.x_sum * results.y_sum)) /
((double) (number_points * results.x_squared_sum -
results.x_sum * results.x_sum));
double intercept =
((double) (results.y_sum - slope * results.x_sum)) / number_points;

cout << "Time linear regression (s): " << total_time << endl;
cout << "Slope: " << slope << endl;
cout << "Intercept: " << intercept << endl;

¥
MPI_Finalize();

return 0;

Listing B.3: Linear Regression MPI



