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BbluucneHne Ymcna -« no3osaHunem Win32 APl

-

#include <stdio.h>

#include <windows.h>

#define NUM_THREADS 2

CRITICAL_SECTION hCriticalSection;

double pi = 0.0;

int n =100000;

void main ()

{
int i, threadArg[NUM_THREADS];
DWORD threadiID;
HANDLE threadHandles[NUM_THREADS];
for(i=0; i<NUM_THREADS; i++) threadArg[i] = i+1;
InitializeCriticalSection(&hCriticalSection);
for (i=0; i<NUM_THREADS; i++) threadHandles][i] =

CreateThread(0,0,(LPTHREAD_START_ROUTINE) Pi,&threadArg|i], 0, &threadID);

WaitForMultipleObjects(NUM_THREADS, threadHandles, TRUE,INFINITE);
printf("pi is approximately %.16f”, pi);

}
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BbluncneHue yucna-w nosb3oBaHnem W|n32§ELf/

void Pi (void *arg)
{
int i, start;
double h, sum, Xx;
h =1.0/(double) n;
sum = 0.0;
start = *(int *) arg;
for (i=start; i<= n; i=i+NUM_THREADS)
{
X = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
EnterCriticalSection(&hCriticalSection);
pi += h * sum;
LeaveCriticalSection(&hCriticalSection);
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BsaumHoe uckaoueHne KpUTUYECKUX MHTEPBANOB |

-
o
—

an/I B3aMMOAenCTBUMN yepes OGLIJ,yI-O namMmATb HUTU OOJTXKHbl CUHXPOHU3OBATb
CcBO€ BbINOJIHEHUe.

ThreadO0: pi = pi + val; && Thread1: pi = pi + val;

— —

1 LOAD R1,pi

2 LOAD R2,val

3 ADD R1,R2 LOAD R3,pi
4 STORE R1,pi LOAD R4,val
3 ADD R3,R4
6 STORE R3,pi

Pe3yanaT 3aBUCUT OT nopsAaakKka BbiINMOJIHEHNA KOMaHA. Tpe6yeTc;| B3aMMHOe€
NCKNr4YeHne KputniyeCKknx nHtepBasnosB.
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Bbiun

e

#include <stdio.h>
int main ()

{

int n =100000, i;
double pi, h, sum, Xx;
h =1.0/(double) n;
sum = 0.0;
#pragma omp parallel for reduction(+:sum) private(x)
for(i=1;i<=n;i++)
{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
pi = h* sum;
printf(*"pi is approximately %.16f”, pi);
return 0;
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Bbiun
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#include "mpi.h"

#include <stdio.h>

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

{
int n =100000, myid, numprocs, i;
double mypi, pi, h, sum, x;
MPI_Init(&argc,&argv);
MPI_Comm_size(MPI_COMM_WORLD,&numprocs);
MPI_Comm_rank(MPI_COMM_WORLD,&myid);
h =1.0/(double) n;
sum = 0.0;
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Bbiun

- il

for (i = myid + 1; i <= n; i += numprocs)
{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
mypi = h * sum;
MPI_Reduce(&mypi, &pi, 1, MPI_DOUBLE, MPI_SUM, 0, MPI_COMM_WORLD);
if (myid == 0) printf("pi is approximately %.16f”, pi);
MPI_Finalize();
return 0;
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Bbluncnenume uncna =-cucnonbsosanmem SHMEM -

e

#include <shmem.h>
#include <stdio.h>
long sync[SHMEM_REDUCE_SYNC_SIZE] = {SHMEM_SYNC_ VALUE};
double work[SHMEM_REDUCE_MIN_WRKDATA_SIZE];
double pi;
int main (int argc, char *argv[])
{
int n =100000, myid, numprocs, i;
double h, sum, Xx;
shmem_init();
numprocs = shmem_n_pes();
myid = shmem_my_pe();
h =1.0/(double) n;
sum = 0.0;
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Bbium
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for (i = myid + 1; i <= n; i += numprocs)
{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
pi = h* sum;
shmem_double_sum_to_all(&pi, &pi, 1, 0, 0, numprocs, work, sync);
if (myid == 0) printf("pi is approximately %.16f”, pi);
shmem_finalize();
return 0;
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BbluucneHne Ymcna -« c-ucnojib3oBaHuem UPC e

i

#include <stdio.h>
#include <upc.h>
#include <upc_collective.h>
shared double pi;
shared double sum[THREADS];
int main ()
{
int n =100000, i;
double h, x;
h =1.0/(double) n;
sum[MYTHREAD] = 0.0;
for (i=1+MYTHREAD:; i<=n;i+= THREADS)
{
x = h * ((double)i - 0.5);
sum[MYTHREAD] += (4.0 / (1.0 + x*x));

21 cenTa6ps

upc_all_reducel (&pi, sum, UPC_ADD,
THREADS, 1,NULL,
UPC_IN_ALLSYNC | UPC_OUT_ALLSYNC);
if (MYTHREAD == 0)
{
pi *= h;
printf("pi is approximately %.16f", pi);
}

return 0;

Mocksa, 2023 CynepKOMIBIOTEPHI U MapauiebHas 00paboTKa JaHHbIX 83 us 292




CPU GPU

21 centa6ps
Mocksa, 2023 CynepKOMIILIOTEpHI ¥ MapasuiebHas 00padoTKa JaHHBIX 84 us 292




BbluncneHne uncnaa-r-c-ucnonbiosaHnem CUDA
_#include <stdio.h> = e
#include <cuda.h>
#define N 1000000
#define NUM_BLOCK 32 // Number of thread blocks
#define NUM_THREAD 32 // Number of threads per block
int tid;
float pi = 0;
I/l Kernel that executes on the CUDA device
__global__ void cal_pi(float *sum) {
int i;
float x, step=1.0/N; /| Step size
I/l Sequential thread index across the blocks
int idx = blockldx.x*blockDim.x+threadldx.x;
for (i=idx; i< N; i+=NUM_BLOCK*NUM_THREAD) {
x = (i+0.5)*step;
sumlidx] += 4.0/(1.0+x*x);

http://cacs.usc.edu/education/cs596/src/cudalpi.cu
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BbluucneHne Ymcna -« c-ucnosibsosaHUEM CUDA

-*"""iﬁfmain(void) { /l Main routine that executes on the host

dim3 dimGrid(NUM_BLOCK,1,1); // Grid dimensions

dim3 dimBlock(NUM_THREAD,1,1); // Block dimensions

float *sumHost, *sumDev; // Pointer to host & device arrays

size_t size = NUM_BLOCK*NUM_THREAD*sizeof(float); //Array size
sumHost = (float *)malloc(size); // Allocate array on host
cudaMalloc((void **) &sumbDev, size); // Allocate array on device
cudaMemset(sumDev, 0, size); // Initialize array in device to 0

/| Do calculation on device

cal_pi <<<dimGrid, dimBlock>>> (sumDev); // call CUDA kernel

Il Retrieve result from device and store it in host array
cudaMemcpy(sumHost, sumDeyv, size, cudaMemcpyDeviceToHost);
for(tid=0; tid<NUM_THREAD*NUM_BLOCK; tid++) pi += sumHost[tid];

pi *= step;

printf("Pl = %fn",pi); // Print results
free(sumHost); // Cleanup
cudaFree(sumbDev);

return 0;
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http://cacs.usc.edu/education/cs596/src/cudalpi.cu

CynepKoMIbIOTEpHI U MapajiiesibHas 00paboTKa TaHHBIX
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BbluncneHuce

#include <stdio.h>
int main () pgcc -acc test.c -Minfo=all
{ main:

int n =100000, i: 8, Accelerator kernel generated

: Generating Tesla code
double pi, h, sum, x; 9, #pragma acc loop gang, vector(128) /* blockldx.x

h =1.0/(double) n; threadldx.x */

sum = 0.0; 12, Sum reduction generated for sum

#pragma acc parallel loop

for(i=1;i<=n;i++)

{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));

}

pi = h* sum;

printf("pi is approximately %.16f", pi);

return 0;
311 CeHTA0pA
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Bbiun

“Hinclude <stdio.h>
int main ()
{
int n =100000, i;
double pi, h, s, Xx;
#pragma dvm template[n] distribute[block]

void *tmp;
h =1.0/(double) n;
s = 0.0;

#pragma dvm parallel (i on tmp][i]) reduction(sum(s)) private(x)
for(i=1;i<=n;i++)
{
x = h * ((double)i - 0.5);
s += (4.0 / (1.0 + x*x));
}
pi=h*s;
printf("pi is approximately %.16f”, pi);

return 0;
21 cenTa6ps
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Bbiun
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#include <stdio.h>
int main ()

{

int n =100000, i;
double pi, h, sum, Xx;
h =1.0/(double) n;
sum = 0.0;
#pragma omp parallel for reduction(+:sum) private(x)
for(i=1;i<=n;i++)
{
x = h * ((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));
}
pi = h* sum;
printf(*"pi is approximately %.16f”, pi);
return 0;
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[JocrovHcTBa ncnoabsosaHusa OpenMP smecto MPL aa

_MHOTosiAepPHbIX NPOLLECCOPOB
BO3MOXHOCTb MHKPEMEHTAlIbHOIO pacraparJsiesrimBaHus

YnpolleHne nporpaMmmMmnpoBaHns N apdPeKTUBHOCTL Ha HepPErynapHbIX
BblYNCIIEHNAX, MPOBOAUMbIX Had OOLWMMN AaHHBIMU

INnksnpauma oybnmpoBaHna OaHHbIX B naMmaTtu, ceouctBeHHoro MPI-
nporpamMmmam

Obbem namaTn NpornopLnoHaneH bbICTpoaeNCTBUIO NpoLeccopa. B
nocrnenHue rogbl yBenuyeHue npomsBogmTeribHOCTU npoueccopa
OOCTUraeTcya yaBoeHueM 4Yncna gaaep, npu aToMm YactoTa Kaxgoro sapa
CHWkXaeTcs. HabnogaeTtcs TeHOeHUMA K COKpaLLeHUio obbema
onepaTUBHOW NaMATK, Npuxogdawencs Ha ogHo aapo. [pucywas
OpenMP 3koHOMUA NaMATN CTAHOBUTCH OYEHb BaXKHa.

Hannyue nokanbHbIX W/nnun pasgensemMolix agpamm Kolllen byoyt
yuntbiBaTbCA npu ontummndaummn OpenMP-nporpamm kKoMnunsatTopamu,
4YTO HEe MOryT aenartb KOMMUAATOPbLI C nocneaoBaTesibHbIX A3bIKOB A4
MPI-npoueccos.
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TECTbI‘ _NAS
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3D HaBbe-CToKC, MeToa nepeMeHHbIX HanpasrieHnn

OueHka HanbonblLero cobCTBEHHOIO 3Ha4YEHMUS
CUMMETPUYHON paspeXXeHHON MaTpuLbl

[eHepauua nap cnydamnHbix Yyncen aycca

bbicTpoe npeobpasoBaHmne Oypbe, 3D crnekTpanbHbIn
MeTon

[TapannenbHasa copTMpoBKa
3D HaBbe-CTOKC, METO BEPXHEN perakcaunm

3D ypaBHeHue lNlyaccoHa, metog Multigrid

3D HaBbe-Ctokc, Beam-Warning approximate
factorization

CyIepKOMIILIOTEPHI U apajuielibHas 00padoTKa JaHHBIX 01 u3 292
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Analyzing the Effect of Different Programming Models Upon Performance
and Memory Usage on Cray XT5 Platforms
https://www.nersc.gov/assets/NERSC-Staff-Publications/2010/Cug2010Shan.pdf
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Analyzing the Effect of Different Programming Models Upon Performance

and Memory Usage on Cray XT5 Platforms
https://www.nersc.gov/assets/NERSC-Staff-Publications/2010/Cug2010Shan.pdf
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Cope pXaHue e

O TeHaeHUUN pa3BUTUA COBPEMEHHbBIX BbIYMUCINUTENBHbBIX CUCTEM
d OpenMP — mogenb napannenuama no ynpasneHuto

O KoHcTpyKkumn pacnpenenenmnsa pabdboTol

L KoHCTpyKUunn ans CUHXpOHM3aunun HUTeun

d Cuctema nogaepxku BbinoniHeHna OpenMP-nporpamm

1 HoBsble Bo3moxxHocTn OpenMP
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Uctopwsi OpenMP— T, —-

1998 2002 2005 2008 2011 2013 2015

OpenMP
C/C++ 2.0

OpenMP
C/C++1.0

OpenMP
FIC/IC++ 2.5

OpenMP
F/IC/C++ 3.1

OpenMP
Fortran 1.0

OpenMP
Fortran 1.1

OpenMP
F/IC/IC++ 4.0

OpenMP
Fortran 2.0
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MCTopyja_OpenMP

il
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Month/Year Version
Oct 1997 Fortran 1.0
Oct 1998 C/IC++1.0
Nov 1999 Fortran 1.1
Nov 2000 Fortran 2.0
Mar 2002 C/C++ 2.0
May 2005 OpenMP 2.5
May 2008 OpenMP 3.0
Jul 2011 OpenMP 3.1
Jul 2013 OpenMP 4.0
Nov 2018 OpenMP 5.0
Nov 2020 OpenMP 5.1
Nov 2021 OpenMP 5.2

Texnonorus napamiensHoro nporpamvuposanus OpenMP
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OpenMP Architecture Review Board .

a AMD 0 ANL

a ARM O ASC/LLNL

Q Cray 2 cOMPunity

Q Fujitsu a EPCC

a HP O LANL

a IBM O LBNL

Q Intel 2 NASA

QO Micron 2 ORNL

O NEC a RWTH Aachen University
O NVIDIA O Texas Advanced Computing
Q Oracle Corporation Center

0 Red Hat O SNL- Sandia National Lab
O Texas Instrument 0 BSC - Barcelona

Supercomputing Center
Q University of Houston
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CuMmMmeTpPUYHbIe-MYAbTUNPOLIECCOPHBIE CUCTEMbI

CPU CPU CPU CPU CPU CPU CPU CPU
Crossbar
Memory Memory Memory NMemory Memory Memory Memory Memory

O Bce npoueccopbl UMET OOCTYN K 000N TOYKE NaMATU C OANHAKOBOW
CKOPOCTLHO.

O [lMpoueccopbl NOAKNIOYEHBLI K NaMATN NMBO C NOMOLLbIO OOLLEN LLINHBI,
nndo ¢ nomoLlbto crossbar-kommyTtaTopa.

O AnnapaTtHO Nogadep)XMBaeTcAa KOrepeHTHOCTb KaLlen.
Hanpumep, cepsepni HP 9000 V-Class, Convex SPP-1200,...
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Cucrembl C HeoaAHOPOAH octynom K namatun (NUNV |
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a Cwucrtema cocTouT U3
OLOHOPOAHLIX 6a30BbIX MOAYIEN

VO Riser

I: e (nnart), COCTOAWMX U3
! — HebOonNbLLOro Yncra NnpoLeccopos
QP1 t 1o v brioka namaATun.
‘ QO Mogynn obbeanHeHbI C
»| intet* Xeon® MOMOLLbI0 BbICOKOCKOPOCTHOIO
processor 7500
e KOMMYyTartopa.

Q [lloooepxunBaetca eanHoe
hs DORS ROIMMS aJlpecHoe NMpoCTPaHCTBO.

DOR3 RDIMMs

O [ocTyn K noKkanbHOW NamsaTu B
e S HECKOSIbKO pa3 bbicTpee, YeMm K
yOoarneHHou.

Directory || .
FB-DINMSs I

NUMAlink ™ S
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SGI Altix UV (UltraVioloet) 2000

QO 256 Intel® Xeon® processor E5-4600
product family 2.4GHz-3.3GHz - 2048 Cores
(4096 Threads)

O 64 TB namatu
a NUMAIink6 (NL6; 6.7GB/s bidirectional)

http://www.sgi.com/products/servers/uv/
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0630p OCHOBHbIX-BO3MOXKHOCTEW OpenMP i --

OpenMP: API| gns HanncaHus

CS0MP FLUSH MHOFOHUTEBbIX NPUMNOXEHWIA

C$SOMP THREADPRIVATE (/ABC/)
1 MHoXeCcTBO AMPEKTMB KOMMUNATOPA,

C$SOMP PARALLEL DO SHARED (A,B,(  Habop dyHKUMN ODNONMOTEKM CUCTEMBI
noaaepPXKKK, NepeMeHHble OKPYXXeHUS

CALL OMP_INIT LOCK (LCK) O O6neryaeTt co3gaHMe MHOTOHUTUEBbIX

C$SOMP SINGLE PRIVATE (X) — nporpamm Ha ®opTpaHe, C n C++
1 ObobuweHne onbiTa co3gaHusa

CSOMP PARALLEL DO ORDERED PRI napannenbHbiX nporpamm ana SMP v
DSM cuctem 3a nocnegHue 20 net

CSOMP PARALLEL REDUCTION (+: A, B) CSOMP SECTIONS

ragma om arallel for private(a, b
#pragm PP P ( ) CSOMP BARRIER

CSOMP PARALLEL COPYIN(/blk/) CSOMP DO LASTPRIVATE (XX)

nthrds = OMP_GET NUM PROCS () omp set lock (lck)
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AVWpPeKTUBbl U KNAy3blk—

Cneuundpukaunm napannenmama B OpenMP npegcrtaBnstoT cobom ANpeKTUBBI
BMAa:

#pragma omp Ha3BaHue-AUpPeKTUBLI[ knay3al [,Jknaysaj...]

Hanpumep:
#pragma omp parallel default (none) shared (i,j)
cnonHsiemble OANPEKTUBDI:
barrier
taskwait
taskyield
flush
taskgroup
OnucaTternbHasa OMpeKkTuBa:
threadprivate
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CTPYKTYpHbIM-BAOK —

il

[encrteue ocTtarnbHbIX AUPEKTUB PacrnpoCcTpaHAETCa Ha CTPYKTYPHbIN BI10K:
#pragma omp HasBaHue-aupeKkTuBbl[ Knaysa[ [,Jknayasaj...]

{
cmpyKkmypHbIU 6510K
}
CTpPYKTYpPHbIN Onok: 6510k Koga ¢ 04HOU TOYKOM BXoda U O4HOU TOYKOM
BbIXoa.
#pragma omp parallel #pragma omp parallel
{ {
mainloop: resjid] = f (id); mainloop: resjid] = f (id);
if (res[id] != 0) goto mainloop;
}
exit (0); if (res[id] != 0) goto mainloop;
} CTpyKTypHbIN ONOK He cTpyKTYpHbIN ONOK
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#pragma omp parallel private(i)
{
#pragma omp for firstprivate(n)
for(i=1;i<=n;i++)
{
Ali]=Ali]+ BIi];
}

}

21 cenTa6ps
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#pragma omp parallel for private(i) \
firstprivate(n)
for(i=1;i<=n;i++)
{
Ali]=Ali]+ BI[i];
}
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