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Overview
• Quiz
• Introduction
• OpenMP programming model
• Parallel regions
• Parallel for
• Reduction
• Race conditions
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Two Norm Function (Sequential)

double two_norm(const Vector& x) {
double sum = 0.0;
for (size_t i = 0; i < x.num_rows(); ++i) {
sum += x(i) * x(i);

}
return std::sqrt(sum);

}
<latexit sha1_base64="14loBs34tS9odIzwI/iINeSP/bk="></latexit><latexit sha1_base64="14loBs34tS9odIzwI/iINeSP/bk="></latexit><latexit sha1_base64="14loBs34tS9odIzwI/iINeSP/bk="></latexit><latexit sha1_base64="14loBs34tS9odIzwI/iINeSP/bk="></latexit>
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Two Norm (Helper Function)
double two_norm_part(const PartitionedVector& x, size_t p) {

double sum = 0.0;
for (size_t i = x.partitions_[p]; i < x.partitions_[p+1]; ++i) {
sum += x(i) * x(i);

}
return sum;

}

double two_norm_rx(const PartitionedVector& x) {
std::vector<std::future<double>> futures_;
for (size_t p = 0; p < x.partitions_.size()-1; ++p) {
futures_.push_back(std::async(std::launch::async, two_norm_part, std::cref(x), p));

}

double sum = 0.0;
for (size_t p = 0; p < x.partitions_.size()-1; ++p) {
sum += futures_[p].get();

}
return std::sqrt(sum);

}
<latexit sha1_base64="N9sq1tDRzaPUW2eslgRJIAjCo9Y="></latexit><latexit sha1_base64="N9sq1tDRzaPUW2eslgRJIAjCo9Y="></latexit><latexit sha1_base64="N9sq1tDRzaPUW2eslgRJIAjCo9Y="></latexit><latexit sha1_base64="N9sq1tDRzaPUW2eslgRJIAjCo9Y="></latexit>
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Two Norm (Lambda)
double two_norm_l(const PartitionedVector& x) {

std::vector<std::future<double>> futures_;
for (size_t p = 0; p < x.partitions_.size()-1; ++p) {
futures_.emplace_back(std::async(std::launch::async, [&](size_t p) {
double sum = 0.0;
for (size_t i = x.partitions_[p]; i < x.partitions_[p+1]; ++i) {

sum += x(i) * x(i);
}
return sum;

}, p));

}

double sum = 0.0;
for (size_t p = 0; p < x.partitions_.size()-1; ++p) {
sum += futures_[p].get();

}
return std::sqrt(sum);

}
<latexit sha1_base64="o/SWtng7WMXKrmjHLh1ndtaEzV0="></latexit><latexit sha1_base64="o/SWtng7WMXKrmjHLh1ndtaEzV0="></latexit><latexit sha1_base64="o/SWtng7WMXKrmjHLh1ndtaEzV0="></latexit><latexit sha1_base64="o/SWtng7WMXKrmjHLh1ndtaEzV0="></latexit>
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Two Norm (Lambda)
double two_norm_l(const PartitionedVector& x) {

std::vector<std::future<double>> futures_;
for (size_t p = 0; p < x.partitions_.size()-1; ++p) {
futures_.emplace_back(std::async(std::launch::async, [&](size_t p) {
double sum = 0.0;
for (size_t i = x.partitions_[p]; i < x.partitions_[p+1]; ++i) {

sum += x(i) * x(i);
}
return sum;

}, p));

}

double sum = 0.0;
for (size_t p = 0; p < x.partitions_.size()-1; ++p) {
sum += futures_[p].get();

}
return std::sqrt(sum);

}
<latexit sha1_base64="o/SWtng7WMXKrmjHLh1ndtaEzV0="></latexit><latexit sha1_base64="o/SWtng7WMXKrmjHLh1ndtaEzV0="></latexit><latexit sha1_base64="o/SWtng7WMXKrmjHLh1ndtaEzV0="></latexit><latexit sha1_base64="o/SWtng7WMXKrmjHLh1ndtaEzV0="></latexit>

double two_norm(const Vector& x) {
double sum = 0.0;
for (size_t i = 0; i < x.num_rows(); ++i) {
sum += x(i) * x(i);

}
return std::sqrt(sum);

}
<latexit sha1_base64="14loBs34tS9odIzwI/iINeSP/bk="></latexit><latexit sha1_base64="14loBs34tS9odIzwI/iINeSP/bk="></latexit><latexit sha1_base64="14loBs34tS9odIzwI/iINeSP/bk="></latexit><latexit sha1_base64="14loBs34tS9odIzwI/iINeSP/bk="></latexit>

This 
(straightforward)

Became this (not 
so straightforward)

Finding 
Concurrency

Algorithm 
Structure

Supporting 
Structures

Implementation 
Mechanisms

Different parts 
of vector

Partitioned vector

Rewrite algorithm 

Would need 
to do for all

PartitionedVector

Fork/join

C++ tasks/futures

Twice as 
much code

Different / 
separate code
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What if I told you
double two_norm(const Vector& x) {
double sum = 0.0;
for (size_t i = 0; i < x.num_rows(); ++i) {
sum += x(i) * x(i);

}
return std::sqrt(sum);

}
<latexit sha1_base64="/EPVViijxWckqtgTH/KPHt102oQ="></latexit><latexit sha1_base64="/EPVViijxWckqtgTH/KPHt102oQ="></latexit><latexit sha1_base64="/EPVViijxWckqtgTH/KPHt102oQ="></latexit><latexit sha1_base64="/EPVViijxWckqtgTH/KPHt102oQ="></latexit>

This does not 
change
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OpenMP
• Open Multi-Processing
• Application Program Interface (API) used to explicitly direct multi-

threaded, shared memory parallelism
• Three primary API components:

– Compiler directives
– Runtime library routines
– Environment variables

Requires no 
code changes

Some 
additions

Only for parallel 
version

Requires no 
code changes
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OpenMP Execution Model

Fork
Join

Fork JoinSequential 
Region

Main 
thread

Parallel 
Region Parallel 

Region
Sequential 

Region

Main 
thread

Thread 
team
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#include <iostream>
#include <omp.h>

int main () {

#pragma omp parallel
{

std::cout << "Hello OpenMP World!" << std::endl;
}

return 0;
}

<latexit sha1_base64="IkHRDZr/UYuK4FAkEwwzN/UTLqo="></latexit><latexit sha1_base64="IkHRDZr/UYuK4FAkEwwzN/UTLqo="></latexit><latexit sha1_base64="IkHRDZr/UYuK4FAkEwwzN/UTLqo="></latexit><latexit sha1_base64="IkHRDZr/UYuK4FAkEwwzN/UTLqo="></latexit>

Hello OpenMP v.0
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Programming with OpenMP
• How do we start a parallel region
• How do we end a parallel region
• What can we do with / in a parallel region
• Do we need to worry about race conditions and if so what do we do 

about them
• How do we optimize
• Do we really not need to change our code
• What else can we do with OpenMP
• Example(s)
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Querying environment

#include <omp.h>

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

size_t numthreads = omp_get_num_threads();
size_t maxthreads = omp_get_max_threads();
std::cout << "Number of threads: " << numthreads << std::endl;
std::cout << "Max threads: " << maxthreads << std::endl;

return 0;
}

<latexit sha1_base64="f6ehLj0O6A40DnVrWFH7aWQvzl0="></latexit><latexit sha1_base64="f6ehLj0O6A40DnVrWFH7aWQvzl0="></latexit><latexit sha1_base64="f6ehLj0O6A40DnVrWFH7aWQvzl0="></latexit><latexit sha1_base64="f6ehLj0O6A40DnVrWFH7aWQvzl0="></latexit>

12



AMATH 483/583 High-Performance Scientific Computing Spring 2019 
University of Washington by Andrew Lumsdaine

AMATH 483/583 High-Performance Scientific Computing Spring 2019 
University of Washington by Andrew Lumsdaine

Querying the environment
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Querying the environment
#include <omp.h>

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

size_t maxthreads = omp_get_max_threads();
std::cout << "Max threads: " << maxthreads << std::endl;

#pragma omp parallel
{
size_t numthreads = omp_get_num_threads();
std::cout << "Number of threads: " + std::to_string(numthreads) + "\n";

}

return 0;
}

<latexit sha1_base64="4AHY5Ke8zAcyoJqgKmH2N+tmRlY="></latexit><latexit sha1_base64="4AHY5Ke8zAcyoJqgKmH2N+tmRlY="></latexit><latexit sha1_base64="4AHY5Ke8zAcyoJqgKmH2N+tmRlY="></latexit><latexit sha1_base64="4AHY5Ke8zAcyoJqgKmH2N+tmRlY="></latexit>
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Querying the environment
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#include <iostream>
#include <omp.h>

int main () {

#pragma omp parallel
{
std::cout << "Hello OpenMP World!" << std::endl;

}

return 0;
}

<latexit sha1_base64="Y24UXhh0g/n4BdmI9EI/AA8cZzc="></latexit><latexit sha1_base64="Y24UXhh0g/n4BdmI9EI/AA8cZzc="></latexit><latexit sha1_base64="Y24UXhh0g/n4BdmI9EI/AA8cZzc="></latexit><latexit sha1_base64="Y24UXhh0g/n4BdmI9EI/AA8cZzc="></latexit>

Hello OpenMP v.0
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Hello OpenMP v.1
#include <iostream>
#include <omp.h>

int main () {

#pragma omp parallel
{

std::cout << "Hello OpenMP World!\n";
}

return 0;
}

<latexit sha1_base64="sNIFdsX6GAQ55cweQez5uc/EzXY="></latexit><latexit sha1_base64="sNIFdsX6GAQ55cweQez5uc/EzXY="></latexit><latexit sha1_base64="sNIFdsX6GAQ55cweQez5uc/EzXY="></latexit><latexit sha1_base64="sNIFdsX6GAQ55cweQez5uc/EzXY="></latexit>
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#include <iostream>
#include <omp.h>

int main () {

#pragma omp parallel
{

std::cout << "Hello OpenMP World!\n";
}

return 0;
}

<latexit sha1_base64="sNIFdsX6GAQ55cweQez5uc/EzXY="></latexit><latexit sha1_base64="sNIFdsX6GAQ55cweQez5uc/EzXY="></latexit><latexit sha1_base64="sNIFdsX6GAQ55cweQez5uc/EzXY="></latexit><latexit sha1_base64="sNIFdsX6GAQ55cweQez5uc/EzXY="></latexit>

#include <iostream>
#include <omp.h>

int main () {

#pragma omp parallel
{
std::cout << "Hello OpenMP World!" << std::endl;

}

return 0;
}

<latexit sha1_base64="Y24UXhh0g/n4BdmI9EI/AA8cZzc="></latexit><latexit sha1_base64="Y24UXhh0g/n4BdmI9EI/AA8cZzc="></latexit><latexit sha1_base64="Y24UXhh0g/n4BdmI9EI/AA8cZzc="></latexit><latexit sha1_base64="Y24UXhh0g/n4BdmI9EI/AA8cZzc="></latexit>

Hello OpenMP

Explain
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Hello OMP
#include <omp.h>

int main () {

#pragma omp parallel
{

size_t tid = omp_get_thread_num();

std::cout << "Hello World from thread = " << tid << std::endl;

if (tid == 0) {

size_t nthreads = omp_get_num_threads();

std::cout << "Number of threads = " << nthreads << std::endl;

}

}

return 0;

}

<latexit sha1_base64="cx2AOMLTI1Ldw/91wFUelUcv+Y8="></latexit><latexit sha1_base64="cx2AOMLTI1Ldw/91wFUelUcv+Y8="></latexit><latexit sha1_base64="cx2AOMLTI1Ldw/91wFUelUcv+Y8="></latexit><latexit sha1_base64="cx2AOMLTI1Ldw/91wFUelUcv+Y8="></latexit>

Comments?
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OMP pi 1
int main(int argc, char* argv[]) {

size_t intervals = 1024 * 1024;
if (argc >= 2) intervals = std::stol(argv[1]);
double h = 1.0 / (double)intervals;

double pi = 0.0;

#pragma omp parallel
for (size_t i = 0; i < intervals; ++i) {
pi += (h * 4.0) / (1.0 + (i * h * i * h));

}

std::cout << "pi is approximately " << std::setprecision(15) << pi <<
std::endl;,!

std::cout << "error is " << std::abs(PI25DT - pi) << std::endl;

return 0;
}

<latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit><latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit><latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit><latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit>
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Output
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What Happened?
int main(int argc, char* argv[]) {

size_t intervals = 1024 * 1024;
if (argc >= 2) intervals = std::stol(argv[1]);
double h = 1.0 / (double)intervals;

double pi = 0.0;

#pragma omp parallel
for (size_t i = 0; i < intervals; ++i) {
pi += (h * 4.0) / (1.0 + (i * h * i * h));

}

std::cout << "pi is approximately " << std::setprecision(15) << pi <<
std::endl;,!

std::cout << "error is " << std::abs(PI25DT - pi) << std::endl;

return 0;
}

<latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit><latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit><latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit><latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit>

Race
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Before
int main(int argc, char* argv[]) {

size_t intervals = 1024 * 1024;
if (argc >= 2) intervals = std::stol(argv[1]);
double h = 1.0 / (double)intervals;

double pi = 0.0;

#pragma omp parallel
for (size_t i = 0; i < intervals; ++i) {
pi += (h * 4.0) / (1.0 + (i * h * i * h));

}

std::cout << "pi is approximately " << std::setprecision(15) << pi <<
std::endl;,!

std::cout << "error is " << std::abs(PI25DT - pi) << std::endl;

return 0;
}

<latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit><latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit><latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit><latexit sha1_base64="ecblw0XyLTjHFP5f+TdyzhP6+HI="></latexit>
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After
int main(int argc, char* argv[]) {

size_t intervals = 1024 * 1024;
if (argc >= 2) intervals = std::stol(argv[1]);
double h = 1.0 / (double)intervals;

double pi = 0.0;

#pragma omp parallel for
for (size_t i = 0; i < intervals; ++i) {
pi += (h * 4.0) / (1.0 + (i * h * i * h));

}

std::cout << "pi is approximately " << std::setprecision(15) << pi <<
std::endl;,!

std::cout << "error is " << std::abs(PI25DT - pi) << std::endl;

return 0;
}

<latexit sha1_base64="6nBaPrK04LmEuZRI5rt/jruuvFs="></latexit><latexit sha1_base64="6nBaPrK04LmEuZRI5rt/jruuvFs="></latexit><latexit sha1_base64="6nBaPrK04LmEuZRI5rt/jruuvFs="></latexit><latexit sha1_base64="6nBaPrK04LmEuZRI5rt/jruuvFs="></latexit>
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Output
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Before
int main(int argc, char* argv[]) {

size_t intervals = 1024 * 1024;
if (argc >= 2) intervals = std::stol(argv[1]);
double h = 1.0 / (double)intervals;

double pi = 0.0;

#pragma omp parallel for
for (size_t i = 0; i < intervals; ++i) {
pi += (h * 4.0) / (1.0 + (i * h * i * h));

}

std::cout << "pi is approximately " << std::setprecision(15) << pi <<
std::endl;,!

std::cout << "error is " << std::abs(PI25DT - pi) << std::endl;

return 0;
}

<latexit sha1_base64="6nBaPrK04LmEuZRI5rt/jruuvFs="></latexit><latexit sha1_base64="6nBaPrK04LmEuZRI5rt/jruuvFs="></latexit><latexit sha1_base64="6nBaPrK04LmEuZRI5rt/jruuvFs="></latexit><latexit sha1_base64="6nBaPrK04LmEuZRI5rt/jruuvFs="></latexit>
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After
int main(int argc, char* argv[]) {

size_t intervals = 1024 * 1024;
if (argc >= 2) intervals = std::stol(argv[1]);
double h = 1.0 / (double)intervals;

double pi = 0.0;

#pragma omp parallel reduction(+:pi)
for (size_t i = 0; i < intervals; ++i) {
pi += (h * 4.0) / (1.0 + (i * h * i * h));

}

std::cout << "pi is approximately " << std::setprecision(15) << pi <<
std::endl;,!

std::cout << "error is " << std::abs(PI25DT - pi) << std::endl;

return 0;
}

<latexit sha1_base64="qCAJb1SoWbhVwgT2faTC6h05t/Q="></latexit><latexit sha1_base64="qCAJb1SoWbhVwgT2faTC6h05t/Q="></latexit><latexit sha1_base64="qCAJb1SoWbhVwgT2faTC6h05t/Q="></latexit><latexit sha1_base64="qCAJb1SoWbhVwgT2faTC6h05t/Q="></latexit>
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Output

28



AMATH 483/583 High-Performance Scientific Computing Spring 2019 
University of Washington by Andrew Lumsdaine

AMATH 483/583 High-Performance Scientific Computing Spring 2019 
University of Washington by Andrew Lumsdaine

Before
int main(int argc, char* argv[]) {

size_t intervals = 1024 * 1024;
if (argc >= 2) intervals = std::stol(argv[1]);
double h = 1.0 / (double)intervals;

double pi = 0.0;

#pragma omp parallel reduction(+:pi)
for (size_t i = 0; i < intervals; ++i) {
pi += (h * 4.0) / (1.0 + (i * h * i * h));

}

std::cout << "pi is approximately " << std::setprecision(15) << pi <<
std::endl;,!

std::cout << "error is " << std::abs(PI25DT - pi) << std::endl;

return 0;
}

<latexit sha1_base64="qCAJb1SoWbhVwgT2faTC6h05t/Q="></latexit><latexit sha1_base64="qCAJb1SoWbhVwgT2faTC6h05t/Q="></latexit><latexit sha1_base64="qCAJb1SoWbhVwgT2faTC6h05t/Q="></latexit><latexit sha1_base64="qCAJb1SoWbhVwgT2faTC6h05t/Q="></latexit>
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After
int main(int argc, char* argv[]) {

size_t intervals = 1024 * 1024;
if (argc >= 2) intervals = std::stol(argv[1]);
double h = 1.0 / (double)intervals;

double pi = 0.0;

#pragma omp parallel for reduction(+:pi)
for (size_t i = 0; i < intervals; ++i) {
pi += (h * 4.0) / (1.0 + (i * h * i * h));

}

std::cout << "pi is approximately " << std::setprecision(15) << pi <<
std::endl;,!

std::cout << "error is " << std::abs(PI25DT - pi) << std::endl;

return 0;
}

<latexit sha1_base64="jWK1B6rwXitFvchlr//nnbh7MuU="></latexit><latexit sha1_base64="jWK1B6rwXitFvchlr//nnbh7MuU="></latexit><latexit sha1_base64="jWK1B6rwXitFvchlr//nnbh7MuU="></latexit><latexit sha1_base64="jWK1B6rwXitFvchlr//nnbh7MuU="></latexit>
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Output
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Finding Concurrency

0 1 2 3 … i i+1 … N-1

⇡ ⇡ h
k<MX

k=0

2

4
i<(k+1)NX

i=kN

4

1 + (ih)2

3

5

Sum over 
partial sums Partial sum

32



AMATH 483/583 High-Performance Scientific Computing Spring 2019 
University of Washington by Andrew Lumsdaine

AMATH 483/583 High-Performance Scientific Computing Spring 2019 
University of Washington by Andrew Lumsdaine

double h = 1.0 / (double) intervals;

double pi = 0.0;
for (int k = 0; k < intervals; k += blocksize) {
double partial_pi = 0.0;
for (int i = k; i < (k+blocksize); ++i) {
partial_pi += 4.0 / (1.0 + (i*h*i*h));

}
pi += h * partial_pi;

}

Sequential Implementation (Two Nested Loops)

Discretization

For each set 
of discretized 

points

Compute 
partial sum

Accumulate 
final sum
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Sequential v.0

size_t blocksize = num_intervals / num_blocks;
double h = 1.0 / (double) num_intervals;
double pi = 0.0;
for (size_t k = 0; k < num_intervals; k += blocksize)
{

double partial_pi = 0.0;
for (size_t i = k; i < (k+blocksize); ++i) {
partial_pi += 4.0 / (1.0 + (i*h*i*h));

}
pi += h * partial_pi;

}
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Sequential v.0.5

double h = 1.0 / (double) num_intervals;
double pi = 0.0;
for (size_t k = 0; k < num_blocks; ++k)
{

double partial_pi = 0.0;
for (size_t i = k; i < num_intervals; i += num_blocks) {
partial_pi += 4.0 / (1.0 + (i*h*i*h));

}
pi += h * partial_pi;

}
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Sequential v.1
size_t blocksize = num_intervals / num_blocks;
double h = 1.0 / (double) num_intervals;
double pi = 0.0;
for (size_t k = 0; k < num_blocks; ++k)
{

size_t begin = k * blocksize;
size_t end = (k + 1) * blocksize;

double partial_pi = 0.0;
for (size_t i = begin; i < end; ++i) {
partial_pi += 4.0 / (1.0 + (i*h*i*h));

}
pi += h * partial_pi;

}
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Sequential v.2
size_t blocksize = num_intervals / num_blocks;
double h = 1.0 / (double) num_intervals;
double pi = 0.0;
for (size_t k = 0; k < num_blocks; ++k)
{

size_t tid = k;
size_t begin = tid * blocksize;
size_t end = (tid + 1) * blocksize;

double partial_pi = 0.0;
for (size_t i = begin; i < end; ++i) {
partial_pi += 4.0 / (1.0 + (i*h*i*h));

}
pi += h * partial_pi;

}
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Sequential v.3
double partial_pi(size_t k, double h, size_t blocksize)
{

size_t tid = k;
size_t begin = tid * blocksize;
size_t end = (tid + 1) * blocksize;

double partial_pi = 0.0;
for (size_t i = begin; i < end; ++i) {
partial_pi += 4.0 / (1.0 + (i*h*i*h));

}
return partial_pi;

}

size_t blocksize = num_intervals / num_blocks;
double h = 1.0 / (double) num_intervals;
double pi = 0.0;
for (size_t k = 0; k < num_blocks; ++k) {
pi += h * partial_pi(k, h, blocksize);

}
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Task version
double partial_pi(size_t k, double h, size_t blocksize)
{

size_t tid = k;
size_t begin = tid * blocksize;
size_t end = (tid + 1) * blocksize;

double partial_pi = 0.0;
for (size_t i = begin; i < end; ++i) {
partial_pi += 4.0 / (1.0 + (i*h*i*h));

}
return partial_pi;

}

size_t blocksize = num_intervals / num_blocks;
double h = 1.0 / (double) num_intervals;
double pi = 0.0;

std::vector<std::future<double>> futures;
for (size_t k = 0; k < num_blocks; ++k) {
futures.push_back(std::async(std::launch::async, partial_pi, k, h, blocksize));

}

for (size_t k = 0; k < num_blocks; ++k) {
pi += h * futures[k].get();

}
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Sequential
size_t blocksize = num_intervals / num_blocks;
double h = 1.0 / (double) num_intervals;
double pi = 0.0;
for (size_t k = 0; k < num_blocks; ++k)
{

size_t tid = k;
size_t begin = tid * blocksize;
size_t end = (tid + 1) * blocksize;

double partial_pi = 0.0;
for (unsigned long i = begin; i < end; ++i) {
partial_pi += 4.0 / (1.0 + (i * h * i * h));

}
pi += h* partial_pi;

}
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Before
size_t blocksize = num_intervals / num_blocks;
double h = 1.0 / (double) num_intervals;
double pi = 0.0;
for (size_t k = 0; k < num_blocks; ++k)
{

size_t tid = k;
size_t begin = tid * blocksize;
size_t end = (tid + 1) * blocksize;

double partial_pi = 0.0;
for (unsigned long i = begin; i < end; ++i) {
partial_pi += 4.0 / (1.0 + (i * h * i * h));

}
pi += h* partial_pi;

}
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After
size_t blocksize = num_intervals / num_blocks;
double h = 1.0 / (double) num_intervals;
double pi = 0.0;
#pragma omp parallel
{

size_t tid = omp_get_thread_num();
size_t begin = tid * blocksize;
size_t end = (tid + 1) * blocksize;

double partial_pi = 0.0;
for (unsigned long i = begin; i < end; ++i) {
partial_pi += 4.0 / (1.0 + (i * h * i * h));

}
pi += h* partial_pi;

}
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Two Norm Function (Sequential)

double two_norm(const Vector& x) {
double sum = 0.0;
for (size_t i = 0; i < x.num_rows(); ++i) {
sum += x(i) * x(i);

}
return std::sqrt(sum);

}
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Two Norm Function (Open MP)

double two_norm(const Vector& x) {
double sum = 0.0;
#pragma omp parallel for reduction(+:sum)
for (size_t i = 0; i < x.num_rows(); ++i) {
sum += x(i) * x(i);

}
return std::sqrt(sum);

}
<latexit sha1_base64="5Os6vxjoMzeQhvvDgDpsxPHF48o="></latexit><latexit sha1_base64="5Os6vxjoMzeQhvvDgDpsxPHF48o="></latexit><latexit sha1_base64="5Os6vxjoMzeQhvvDgDpsxPHF48o="></latexit><latexit sha1_base64="5Os6vxjoMzeQhvvDgDpsxPHF48o="></latexit>

45



AMATH 483/583 High-Performance Scientific Computing Spring 2019 
University of Washington by Andrew Lumsdaine

AMATH 483/583 High-Performance Scientific Computing Spring 2019 
University of Washington by Andrew Lumsdaine

Performance
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Thank you!
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