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. import multiprocessing

def calculate_strength(data):

result = data * 2

return result
vif _name__=="_ main__"

data_set=[1, 2, 3, 4, 5]

with multiprocessing.Pool(processes=4) as pool:

results = pool.map(calculate_strength, data_set)

print(results)
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from mpidpy import MPI

def calculate_strength_mpi(data):

rank = MPI.COMM_WORLD.Get_rank()
result = data * 2
MPI.COMM_WORLD.send(result, dest=0)

if rank == 0:
results =[]
for i in range(size):
results.append(MPI.COMM_WORLD.recv(source=i))
print(results)

'if _name__ =="_ main_ "
comm = MPI.COMM_WORLD

size = comm.Get_size()
rank = comm.Get_rank()

data_set=[1, 2, 3, 4, 5]



# 745 B R
data = data_set[rank] if rank < len(data_set) else None

# VAT 158
calculate_strength_mpi(data)
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#include <stdio.h>

#include <omp.h>
: #define N 1000000

void calculate_strength(int *data, int *results) {
| #pragma omp parallel for
for (inti=0;i<N;i++) {
results[i] = data[i] * 2;
b}
)

int main() {
int data[N], results[N];

V& /et

for (inti=0;i<N;i++) {
datali] =i;

}

J===1

#pragma omp parallel

{

int num_threads = omp_get_num_threads();



int thread_id = omp_get_thread_num();
printf("Thread %d of %d\n", thread_id, num_threads);
}

calculate_strength(data, results);

for (inti=0;i<N;i++) {
printf("%d\n", results][i]);
}

return O;
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#include <mpi.h>
#include <iostream>

' #include <vector>

! class SimpleFEASolver {
public:
void solve(std::vector<double>& displacements) {

for (inti=0; i< displacements.size(); ++i) {

displacements[i] =i * 0.1;

int main(int argc, char®* argv) {

: MPI_Init(&argc, &argv);
int rank, size;
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);

int totalNodes = 100;
int nodesPerProc = totalNodes / size;
int extraNodes = totalNodes % size;

int startNode = rank * nodesPerProc + std::min(rank, extraNodes);
int endNode = startNode + nodesPerProc + (rank < extraNodes ? 1 : 0);

std::vector<double> localDisplacements(endNode - startNode);

SimpleFEASolver solver;
solver.solve(localDisplacements);

std::vector<double> globalDisplacements(totalNodes);
MPI_Gather(&localDisplacements[0], localDisplacements.size(), MPI_DOUBLE,



&globalDisplacements[0], localDisplacements.size(), MPI_DOUBLE,
0, MPI_COMM_WORLD);

if (rank == 0) {

for (int i = 0; i < totalNodes; ++i) {
std::cout << "Displacement at node " << i <<": " << globalDisplacements[i] << std::endl;

}
}

MPI_Finalize();
return O;
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' #finclude <petsc.h>



int main(int argc, char **argyv) {
! PetscErrorCode ierr;
Petscint n =100, i, j;
PetscReal value = 1.0;
Mat A;
Vec b, x;

ierr = Petsclnitialize(&argc, &argyv, (char *)0, help); CHKERRQ(ierr);

ierr = MatCreate(PETSC_COMM_WORLD, &A); CHKERRQ(ierr);

ierr = MatSetSizes(A, PETSC_DECIDE, PETSC_DECIDE, n, n); CHKERRQ(ierr);
ierr = MatMPIAIJSetPreallocation(A, 3, aind, 3, aind); CHKERRQ(ierr);

ierr = MatAssemblyBegin(A, MAT_FINAL_ASSEMBLY); CHKERRQ(ierr);

ierr = MatAssemblyEnd(A, MAT_FINAL_ASSEMBLY); CHKERRQ(ierr);

ierr = VecCreate(PETSC_COMM_WORLD, &b); CHKERRQ(ierr);
ierr = VecCreate(PETSC_COMM_WORLD, &x); CHKERRQ(ierr);
ierr = VecSet(b, 1.0); CHKERRQ(ierr);
ierr = VecSet(x, 0.0); CHKERRQ(ierr);

for(i=0;i<n;i++){
ierr = MatSetValue(A, i, i, 2.0, INSERT_VALUES); CHKERRQ(ierr);
if (i>0) {
ierr = MatSetValue(A, i, i-1, -1.0, INSERT_VALUES); CHKERRQ(ierr);
}
if (i<n-1){
ierr = MatSetValue(A, i, i+1, -1.0, INSERT_VALUES); CHKERRQ(ierr);

}
ierr = MatAssemblyBegin(A, MAT_FINAL_ASSEMBLY); CHKERRQ(ierr);
ierr = MatAssemblyEnd(A, MAT_FINAL_ASSEMBLY); CHKERRQ(ierr);

ierr = KSPCreate(PETSC_COMM_WORLD, &ksp); CHKERRQ(ierr);
ierr = KSPSetOperators(ksp, A, A); CHKERRQ(ierr);

ierr = KSPSetFromOptions(ksp); CHKERRQ(ierr);

ierr = KSPSolve(ksp, b, x); CHKERRQ(ierr);

ierr = VecView(x, PETSC_VIEWER_STDOUT_WORLD); CHKERRQ(ierr);



ierr = KSPDestroy(&ksp); CHKERRQ(ierr);
ierr = MatDestroy(&A); CHKERRQ(ierr);
ierr = VecDestroy(&b); CHKERRQ(ierr);
ierr = VecDestroy(&x); CHKERRQ(ierr);
ierr = PetscFinalize(); CHKERRQ(ierr);

return O;
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' #include <mpi.h>
' #include <jostream>
' #include <vector>



class SimpleFEASolver {
public:
void solve(std::vector<double>& displacements) {
/] BEIUKMELFE
for (inti=0;i < displacements.size(); ++i) {
displacements[i] =i * 0.1; // /i/ 1 1] 2

int main(int argc, char** argv) {

MPI_Init(&argc, &argv);

int rank, size;
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);

/) R 100 T AL
int totalNodes = 100;

/) BB BT A
int startNode, endNode;
if (rank == 0) {
Y/ ey
std::vector<int> nodeCounts(size);
std::vector<int> displacementsOffsets(size);
for (inti=0;i < size; ++i) {
nodeCounts]i] = totalNodes / size;
if (i < totalNodes % size) {
nodeCounts[i]++;
}

displacementsOffsets[i] = std::accumulate(nodeCounts.begin(), nodeCounts.begin() + i, 0);

/] KIETTRG B

for (inti=1;i<size; ++i) {
MPI_Send(&nodeCounts[i], 1, MPI_INT, i, 0, MPI_COMM_WORLD);
MPI_Send(&displacementsOffsets[i], 1, MPI_INT, i, 0, MPI_COMM_WORLD);

}

} else {

/] BT R

MPI_Status status;

MPI_Recv(&startNode, 1, MPL_INT, 0, 0, MPI_COMM_WORLD, &status);

MPI_Recv(&endNode, 1, MPI_INT, 0, 0O, MPI_COMM_WORLD, &status);



std::vector<double> localDisplacements(endNode - startNode);

SimpleFEASolver solver;
solver.solve(localDisplacements);

std::vector<double> globalDisplacements(totalNodes);
if (rank == 0) {
globalDisplacements.assign(localDisplacements.begin(), localDisplacements.end());
} else {
: MPI_Send(&localDisplacements[0], localDisplacements.size(), MPI_DOUBLE, 0, 0, MPI_COM
| M_WORLD);
}

if (rank == 0) {
for (inti=1;i< size; ++i) {
MPI_Status status;
, MPI_Recv(&globalDisplacements[displacementsOffsets[i]], nodeCounts[i], MPI_DOUBLE, i,
0, MPI_COMM_WORLD, &status); '
}

for (int i = 0; i < totalNodes; ++i) {
std::cout << "Displacement at node " << i << ": " << globalDisplacements|i] << std::endl;

MPI_Finalize();
return O;
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from mpidpy import MPI

! comm = MPI.COMM_WORLD
i rank = comm.Get_rank()
! size = comm.Get_size()

if rank == 0:

| data= read_large_data()
data_chunks = split_data(data, size)

else:

: data_chunks = None

+ data_chunks = comm.scatter(data_chunks, root=0)
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