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Moore's law during the last decades
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Moore's law and performance scaling

๏Working frequencies 

- Up to 8 MHz en 1979 

- Up to 200 GHz in 1997, 

- Up to 4 GHz in 2006, 

- Up to 5 GHz in 2022, 

- Power issues (> 200W). 

๏ Improvements 

- Lower working frequencies, 

- More computaKon cores, 

- Should improve global performances. 

๏Needs to upgrade applicaKons.
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https://cs.stackexchange.com/questions/27875/moores-law-and-clock-speedhttps://www.intel.com/pressroom/kits/quickreffam.htm



SE301 - Calculs HPC…Bertrand LE GAL @ ENSEIRB 2023 - 2024

Introduction au pipeline
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Comet Lake S-series CPUs (2022)

Pentium core 2 duoPentium III core
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Introduction to OpenMP

๏Parallel compuKng is (quite) old, 

๏OpenMP objecKve 
- Make parallel compuKng easy for 

soUware developers. 

๏A long way 
- OpenMP 1.0 for Fortran in 1997, 

- OpenMP 1.0 for C/C++ in 1998, 

- A lot of work, 

- OpenMP 5.2 in novembre 2021. 

๏ Easy to use 
- NaKvely supported by recent C/C++ 

compilers and OS (except MacOs).
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mjb – March 22, 2021
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Computer Graphics

Who is in the OpenMP Consortium?
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What is OpenMP ?

๏ OpenMP is a multi-vendor standard to perform shared-memory 
multithreading,

๏ OpenMP threads share a single executable, global memory, and 
heap (malloc, new),

๏ OpenMP uses the fork-join model,

๏ Using OpenMP requires no dramatic code changes,

๏ OpenMP gives you the biggest multithread benefit per amount of 
work you have to put in to using it !

๏ Add “pragmas” to your code and let the compiler work.
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https://web.engr.oregonstate.edu/~mjb/cs575/Handouts/openmp.1pp.pdf
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What is not OpenMP ?

๏ OpenMP doesn’t replace your brain !

๏ OpenMP doesn’t check for data dependencies, data conflicts, 
deadlocks, or race conditions. You are responsible for avoiding those 
yourself

๏ OpenMP doesn’t guarantee identical behavior across vendors or 
hardware, or even between multiple runs on the same vendor’s 
hardware

๏ OpenMP doesn’t guarantee the order in which threads execute, 
just that they do execute • OpenMP is not overhead-free

๏ OpenMP doesn’t prevent you from writing code that triggers 
cache performance problems (such as in false-sharing), in fact, it 
makes it really easy.
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The OpenMP pragmas

๏ Software designers have access to reserved keyword (« pragma ») to 
tell the compiler what they want,

๏ Pragmas can automatically discard/enable at runtime depending ion 
compiler options, improving the flexibility.
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The (strange) OpenMP « hello world » version

9

#include <stdio.h> 
#include <omp.h> 

int main(int argc, char* argv[] ) 
{ 
    omp_set_num_threads( 8 ); 

    #pragma omp parallel default(none) 
    { 
        printf("(thread #%d) Hello world !\n", omp_get_thread_num( ) ); 
    } 

    return 0; 
} 

g++ openmp_hello.cpp -o openmp_hello -O3 -fopenmp
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The (strange) OpenMP « hello world » version
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4×
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Configuring the execution platform
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// 
// Specify the amount of OpenMP threads we want to have available 
// 
void omp_set_num_threads(int num_threads); 

// 
// Asking how many cores the platform has 
// (number of threads != number of physical processor cores) 
// 
int omp_get_num_procs(void); 

// 
// Asking how many OpenMP threads this program is using right now 
// 
int omp_get_num_threads( ); 

// 
// Asking which thread number this one is: 
// 
int omp_get_thread_num( ); 
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What piece of code could be parallelized ?

๏ParallelizaKon is useful for criKcal 
tasks that are independent, 

- Data independent, 

- Ctrl independent. 

๏ For instance: 

- The for loops, 

- The independent funcKon calls. 

๏ The overall source codes could 
not benefits from parallelizaKon, 

- Modifying algorithm could help in 
parallelizaKon => more work.

12
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Parallelization of for loops

๏A dedicated pragma is dedicated 
to for loop parallelizaKon: 

๏ In this example: 

- y array is shared across threads, 

- x value is private [0, 65536/T-1], 

- the number of threads is selected 
automaKcally at runKme. 

๏ Thread synchronisaKon is done at 
the end of for loop.

13

#include <stdio.h> 
#include <stdio.h> 
#include <omp.h> 

int main(int argc, char* argv[] ) 
{ 
    float y[65536]; 
    const float a = atof( argv[ 1 ] ); 
    const float b = atof( argv[ 2 ] ); 

    #pragma omp parallel for 
    for (int x = 0; x < 65536; x += 1) 
    { 
        y[x] = a * ((float)x) + b; 
    } 

    // 
    // Storing the [y] dataset in a file  
    // 
     
    return 0; 
} 
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Parallelization of tasks (eg. function calls)

๏A dedicated pragma is dedicated 
to for sub-task parallelizaKon: 

๏ In this example: 

- parallel sec6on defines the parallel zone, 

- sec6on describes the different sub-tasks, 

- the number of threads is selected 
automaKcally at runKme / specified. 

๏ SynchronisaKon is done at the last 
brace of the parallel sec6on.
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#include <stdio.h> 
#include <omp.h> 

void fA(){ printf("Task A\n"); } 
void fB(){ printf("Task B\n"); } 

int main() 
{ 
    omp_set_num_threads( 2 ); 

    #pragma omp parallel sections  
    { 
        #pragma omp section 
        { 
            fA(); 
        } 
        #pragma omp section 
        { 
            fB(); 
        } 
    } 
    return 0; 
} 
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What happen with real life applications ?

๏ In real life applicaKons: 

- Processing and data are not always 
independent, 

- Algorithms transformaKon or source 
code adaptaKon are needed. 

๏ Issues with shared result: 

- Many (write) actors at the same Kme, 

๏ For example: 

- Data reducKon (+, min, max, etc.) 

- Shared data are not enough 
(Write AUer Write issue).

15
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Sum reduction with OpenMP features
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 #include <stdio.h> 
 #include <omp.h> 

 int main(int argc, char* argv[] ) 
 { 
     
    float* argv; 
    float   sum = 0.f; 
     
    #pragma omp parallel for shared(sum) reduction(+: sum)   
    { 
        for (auto i = 0; i < argc; i++) 
        { 
            sum += stof( argv[i] ); 
        } 
    } 

    return 0; 
 } 
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Conclusion concerning OpenMP library

๏OpenMP is not a young 
framework… 

- A lot of tutorials, documents, source 
codes, … exist. 

๏OpenMP is not always interesKng 
due to penalKes 

- Large datasets, 

- High complexity kernels. 

๏ The main difficulKes comes from 
algorithm and your knowledge, 

- It needs transformaKon, 

- You need to understand it.
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https://www.openmp.org/resources/refguides/
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The std::thread parallelization approach
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Example of std::thread parallelization (1/2)
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 #include <iostream> 
 #include <thread> 

 void fA(){ printf("Task A\n"); } 
 void fB(){ printf("Task B\n"); } 

 int main() 
 { 
    std::thread fst (fA);  // spawn new thread 
    std::thread snd (fB);  // spawn new thread 

    std::cout << "fA and fB now execute in //...\n";   

    // synchronize threads: 
    fst.join();  // pauses until first finishes 
    snd.join();  // pauses until second finishes 

    std::cout << "fA and fB completed.\n"; 

 } 
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Example of std::thread parallelization (2/2)
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 #include <iostream> 
 #include <thread> 

 void SUM(float* array, int start, int stop, float& val)   
 { 
    for(int i = start, i < stop, i += 1) 
       val += array[i]; 
 } 

 int main() 
 { 
    float array[1024]; // un tableau de data... 
    float s1 = 0.f; 
    float s2 = 0.f; 
    std::thread fst (SUM, array,   0,  512, s1); 
    std::thread snd (SUM, array, 512, 1024, s2); 

    // synchronize threads: 
    fst.join();  // pauses until first finishes 
    snd.join();  // pauses until second finishes 

    float sum = s1 + s2; 
    // ... ... ... 
 } 


