OpenMP

[TapannenbHble NOTOKA
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OpenMP

Open Multi-Processing

PacnapannenueaHune nporpamm

— Fortran
— C/C++

MHoronoto4Hble nporpamMmmel

MHorossaepHble CUCTEMbI C 0DLLIEN
NamMsaTbiO
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Knaccundpukaumna 9BM

« OpraHusauua napannennama
— SISD  Single Instruction Single Data
— SIMD Single Instruction Multiple Data
— MISD Multiple Instruction Single Data
— MIMD Multiple Instruction Multiple Data
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[Mapannennam OpenMP

« SIMD Single Instruction Multiple Data

— lNocnnedosamernbHasi Yacmb NporpamMmbl
 OOnH NoTOoK

— MapannenbHass 4acmb rnporpaMmmel
* Heckonbko NoTOKOB
» PasHble Habopbl AaHHbIX
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Mopgenb fork - join
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OnpepeneHuvs:
[ToTOKN

* thread
— execution entity having serial flow of control

 master thread

— thread that creates a team when a parallel
region is entered

e feam

— one or more threads cooperating in the
execution of a construct

arkov.narod.ru (c) Apbkos B.1O.



OnpepeneHuvs:
Pasgens! nporpamMmmbl

 parallel region
— may be executed by multiple threads
* serial region
— statements executed only by master thread
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OnpepeneHuvs:
[1ocTyn K nepeMeHHbIM

* private
— block of storage unique to thread
 shared

— threads in team will access this single block of
storage

arkov.narod.ru (c) Apbkos B.1O.



Pecypchil

* MIHpopMaLMOHHO-aHANUTUYECKUN LIEHTP MO
napannenbHbIM BblYUCIIEHUAM

— parallel.ru
* Y4yeBbHUKM + NpUMeEpPbI NporpamMmm

* HauunoHanbHbIN OTKpbITEIN YHMBepcuteT MHTYUT

— intuit.ru
 Kypcobl no napannensHbiM anroputmam n OpenMP

« OpenMP Architecture Review Board

— openmp.org
« Cneundukauma OpenMP API
« Tutorial Videos

arkov.narod.ru
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NuTepartypa

 AHTOHOB 2009 NapannensHoe
nporpaMmmMmpoBaHME C UCNONMb30BaHUEM
TexHonornn OpenMP
— Y4yebHuK
* https://parallel.ru/info/parallel/openmp
— [Npumepbl nporpamm
« hitps://parallel.ru/tech/tech dev/OpenMP/examples/
* [IpoxopeHok 2010 NporpammmpoBaHme Ha
C++ B Visual Studio 2010 Express

arkov.narod.ru
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OpenMP Specifications

http://openmp.org/wp/openmp-specifications/
 Version 4.0 (October 2013)
 Version 3.1 (September 2011)
Version 3.0 (November 2008)
Version 2.5 (May 2005)
(
(

Version 2.0 (March 2002)
Version 1.0 (October 1998)

arkov.narod.ru
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OpenMP APl 2.0 Specification

« OpenMP implementations are not required to
check for
— Dependencies
— Conflicts
— Deadlocks
— Race conditions

resulting in incorrect program execution

* The user is responsible for ensuring that the
application using the OpenMP C and C++ API
constructs executes correctly.

arkov.narod.ru
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NHcTpymeHnTol OpenMP

[InHamMmun4yeckoe co3gaHne NoTokoB

[OupeKkTnBbl #pragma omp
— CO0340aHN4A NOTOKOB
+ parallel

— pacnpegeneHust paboTbl Mexay NoTokamm
+ DOf/for, section

— onpegerneHnd KnaccoB nepeMeHHbIX
» shared, private

— CUMHXPOHU3aLMUN NOTOKOB
» critical, atomic, barrier

[Tpouenypbl

— omp_get _thread _num

[lepeMeHHble OKpYyXeHUd
— OMP_NUM_THREADS

arkov.narod.ru
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Visual Studio

* Microsoft Visual Studio

— Community Edition
o https://www.visualstudio.com/

About Microsoft Visual Studio

pg Visual Studio

Visual Studio Community

Microsoft Visual Studic Community 2013
Version 12.0.31101.00 Update 4 becnnaTtHas, nonHopyHKUWMOHaNbLHAA W
2 2014 Microsoft Corporation.

aCllMpAeMan MHTeErpMposaHHana cpea
All rights reserved. P P pup Pea

pa3spaboTku Ans co3aaHnA COBPEMEHHbIX
npunoxednii ana Windows, Android w iOS, a

TaKKke Beb-npuaoxeHuii u obnaunbix cyxo.

lMpedocmaenaemca GecnaamHo daa cmyfeHmoe, yuacmHUKoe co20aHua OmKpLIMOZo UCXodHoz20
koda u HeBoabLUUX 2pynn
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Visual Studio 2015

 [1To ymon4yanuto komnunatop C/C++ He
yCTaHaBNMBAETCH

— I'pun ycTaHoOBKe BbibpaTh NOMNb30BaTENLCKMNE
HaCTPOWKHN

nmobo
— yCTaHOBI/ITb OONMOJIHUTEJ1IbHO

» Bepcus Community Edition nogaepxmBaet
OpenMP

arkov.narod.ru
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Hello, World!

#include <stdio.h>

void main ()

{
printf ("Hello, World!'\n");

arkov.narod.ru
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Hello, World!

Dd ompOhello - Microsoft Visual Studic

FILE EDNT VIEW  PROJECT BUILD DEBUG  TEAM  TOOLS TEST  ANALYZE  WINDOW  HELP

e - B -2 W g P Local Windows Debugger ~  Auto - Release = Win32 -
Solution Explorer * 0 X omplc & X
& o-ediE " [ ompOhello - (Global Scope)

#include <stdio.h>

C rh T . e - . .
Search Solution Explorer (Ctrl+;) 2 Jint main()

fa] Solution 'ompOhello’ (1 project) 1
4[] ompOhello printf("Hello, World!\n"};
: } :
b ¢ Bxternal Dependencies = CAWindows\system32\cmd.exe
Header Files
T i ello,. World?
+ Resource Files 00 % - lan NpORDAMEHMA HAXMMMTE ANGYW KAABMWY .
4 L[| Source Files
P *++ ompl.c
. s >
Show output from:  Build
B Build started: Project: omp@hello, Configuration: Release Win32 ------
1> omp@.c

1> Generating code

1> Finished generating code

1> ompBhello.vcxproj -> K:%2815 HPCl\omp@\omp@hello‘Release‘\ompBhello.exe
========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========

Soluti.. Class.. Prope.. Team..

Build succeeded

arkov.narod.ru (c) Apbkos B.1O.
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[Tpobnema nokanusauun

#include <stdio.h>

int main ()

{
printf ("lIpueer!\n") ;

arkov.narod.ru
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FILE EDIT VIEW  PROJECT
o - 8- W
Solution Explorer 01X

@G o-&ap@
Search Solution Explorer (Ctrl+;, P -

fa] Solution 'Hello-RU' (1 project)
4 [%] Hello-RU

b 25 External Dependencies
Header Files

Resource Files

™

™

4 .| Source Files
B4+ Hello-Rl.c

Soluti.. | Class.. Prope.. Team..

p¢ Hello-RU - Microsoft Visuz

BUILD  DEBUG  TEAM  TOOLS  TEST  AMALYZE  WINDOW  HELP

[Tpobnema nokanusauun

P Local Windows Debugger ~  Auto - Debug - Win32

Hello-RlU.c + X

¥ Hello-RU - (Glob

#include <stdioc.h>
—lint main()

1

printf({"Npwset!\n");

1e------ Build started: Project: Helle-RU, Configuration: Debug Win32 ------
1> Hello-RU.c

1> Hello-RU.vcxproj -»> K:%42815 HPC\omp2hello‘\Hello-RU\DebugiHello-RU.exe
========== Build: 1 succeeded, @ failed, ® up-to-date, @ skipped ==========

Build succeeded

arkov.narod.ru

(c) Apbkos B.1O.

19



Jlokannsaumnsa KoHconu

#include <stdio.h>

#include <locale.h>

int main ()

{

setlocale (LC_ALL, "Russian");
printf ("lIpueer!\n");

}

arkov.narod.ru
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Jlokannsaumnsa KoHconu

[’d Hello-RU2 - Microsoft Visual Studic

FILE EDIT VIEW PROJECT BUILD DEBUG TEAM  TOOLS  TEST  AMALYZE  WINDOW  HELP

G - o2 g P Local Windows Debugger =~ Auto - Debug - Win32
Solution Explorer * 0 X Hello-RUZec &= X
&N o-e2aipm = HHeoRR -

S#include <stdio.h>

Search Solution Explorer (Ctrl+;] P ~ #include <locale.hs

fa] Solution 'Hello-RU2' (1 project) -lint main()
4 [%] Hello-RU2 1 " L
b #5 External Dependencies setlocale(LC_ALL, "Russian™);

printf("MpueeT!'n");

Header Files
Resource Files

™

T
4 Source Files

++ Hello-RU2.c

=

Show output from:  Build -

1p------ Build started: Project: Hello-RUZ, Configuration: Debug Win3Z -
1> Hello-RUZ.c

1> Hello-RUZ.vcxproj -»> K:3.2815 HPC\Hello-RUZ\DebugiHello-RUZ.exe
========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ======:

Soluti.. | Class.. Prope.. Team..

Build succeeded

arkov.narod.ru
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[Moonepxka OpenMP

#include <stdio.h>
int main ()
{
#ifdef _OPENMP
printf ("OpenMP is supported! %d\n", _OPENMP) ;
#else
printf ("OpenMP is not supported!\n");
#endif

}

arkov.narod.ru
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#ifdef identifier

#ifdef identifier
#endif
« [Inpektmnea npenpoueccopa (“if defined”)

« CoxpaHsieT rpynny CTPOK, eCIN yKa3aHHbIN

nageHTudmnkaTop onpeageneH AUMPeKTUBOMU
#define

arkov.narod.ru
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[HnpektnBa #define

[ToncKk 1 3aMeHa CTPOKM B TEKCTE NporpamMmb

#define NUM 1000
x = NUM * 20;

Kaxxgoe NUM 3amMeHseTcsa Ha 1000

x = 1000 * 20;

arkov.narod.ru
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bes nogaepxkn OpenMP

g ompOhello - Microsoft Visual Studic

FILE EDIT VIEW PROJECT BUILD DEBUG TEAM  TOOLS TEST  AMALYZE WINDOW  HELP

Q- B-2 W g P Local Windows Debugger = Auto - Debug ~ Win32 -
Solution Explorer * 0 X omplhelloc # X
& o-&aigm | Bomplhelo - (Global Scope)
) i o (Ctrle P #include <stdio.h>
Search Solution Explorer (Ctrl+;] Jint main()

fa] Solution 'ompOhello’ (1 project)

A |E| qmpl}he“q —#ifdef _OPENMP

I r5 External Dependencies printf( » _OPENMP);
Header Files l#else
T i printf("OpenMP is not supported!\n™);
7] Rescurce Files #ondif
P Source Files
! = CAWindows\system32\cmd.exe = =

P+ ompOhello.c

100 % - OpenMP iz not supported?
17 NpoORNOAKEHHA HAKMHTE ANEYW KAABHWY .

Show cutput from: | Build
13------ Build started: Project: omp@hello, Configuration: Debug Win32 ------

1> omp8hello.c
1> omp@hello.vcxproj -»> K:42815 HPC\omp@hello'\omp@hello'DebugiompBhello.exe

========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========

Soluti..  Class.. Prope.. Team..

Build succeeded

arkov.narod.ru
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OpenMP Support

Project — Properties — All Configurations — Configuration
Properties — C/C++ — Language — OpenMP Support — Yes

omp0Ohello Property Pages ?
Configuration: [AII Configurations ] v | Platform: | Active(Win32) v Cenfiguration Manager...
4 Configuration Properties  » Disable Language Extensions Mo
General Treat WChar_t As Built in Type Yes ([Zcwchar_t)
Debugging Force Conformance in For Loop Scof Yes (/ZcforScope)
VC++ Directories Enable Fun-Time Type Informaticn

a4 CfC++ Open MP Support Yes (fopenmp) v

General Mo (fopenmp-)

Yes (fopenmp)

Optimization
Preprocessor

Code Generation
Language
Precompiled Heade
Output Files
Browse Information
Advanced

All Options

Command Line
ko linker

Open MFP Support
W Enable OpenMP 2.0 language extensions.  (fopenmp)

Ok OTmena MpumeHnTE

arkov.narod.ru
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[Moonepxka OpenMP

Dd ompOhello - Microsoft Visual Studic

FILE EDIT VIEW PROJECT BUILD DEBUG  TEAM  TOOLS  TEST  AMALYZE  WINDOW  HELP

Q - (Rl T P Local Windows Debugger = Auto - Debu - Win32 -
ag g
Solution Explorer * 0 X omplhelloc & X
& o-&ai@m = lomplhela - (Global Scope)
e o P #include <stdio.h:
Search Solution Explorer (Ctrl+; Sint main()
fad Solution 'ompOhelle’ (1 project) 1
4 [%4] ompOhello —J#ifdef _OPENMP
b o5 External Dependencies . printf{"OpenMP is supported! ¥d\n", _OPENMP);
7 Header Files THe SE,_.H__,I_ #define_OPENMP 200203
L RESDLIFCF'?F”ES #Eﬂdi‘F_ . -
4 5 Source Files } oo CAWindows\system32\cmd.exe - | x
e OpenMP iz supported? 200203
0% - 1A NpoOAOAMEHMA HAXHMTE ANEYW KAABHWY .

L
ot IR 2=

Show output from: | Build - £ ™a

13------ Build started: Project: omp8hello, Configuration: Debug Win32 ------
1> ompBhello.c

1> omp8hello.vcxproj -» K:%2815 HPCh\omp@hello‘\omp@hello\Debugiomp@hello.exe

========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========

Soluti... | Class.. Prope.. Team..

Build succeeded

arkov.narod.ru (c) Apbkos B.1O.
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_OPENMP

yyyymm — [aTra NMpuHATUA CTaHdapTa

200203 = March 2002

OpenMP Specifications

OpenMP 4.0 Specifications
* OpenMP 4.0 Complete Specifications (July 2013) (PDF)

Earlier Specifications
+ Version 2.5 - (May 2005, combined C/C++ and Fortran)

IC++ version 2.0 - (March 2002

C/C++ version 2.0 with change bars reflecting changes from 1.0 - (March 2002)

FORTRAN version 2.0 - (November 2000)

FORTRAN version 2.0 with change bars reflecting changes from 1.1 (November 2000)

C/C++ version 1.0 - (October 1998)

FORTRAN version 1.1 - (November 1999 - incorporates April 1999 Interpretations and Errata)
FORTRAN version 1.0 - (October 1997)

NcTouHnk: openmp.org

arkov.narod.ru
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#pragma omp parallel

« [lnpektnea
#pragma
» KOHCTpyKUMSA

#pragma omp parallel

— NapannenbHas obnacTb NporpaMmmbl

 VlcnonHsieTca HECKONbKUMW NOTOKaMM
napannernbHo

* [locrne 3aBepLueHna napannensHon obnacTu
NPOAOIMKAET BbINOMHATLCA TONBbKO MacTep-NoTOK

arkov.narod.ru
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Komnunauua 6e3 openMP

MrHopunpyeTt anpekTmBbl #pragma omp
[locnepoBartenbHas nporpaMmma

OOnH BbIYUCTINTESbHbBIWM NOTOK

OpaHo s1iApo npoleccopa

arkov.narod.ru
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Hello, World!

#include <stdio.h>

int main ()

{
#pragma omp parallel
printf ("Hello, World!'!\n");
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FILE EDIT WIEW  PROJECT
o - 3 -2
Solution Explorer * 01X

& eo-&di@
Search Selution Explorer (Ctrl+;] P~

fa] Solution 'omp-Hello' (1 project)
4 [%] omp-Hello

I o5 External Dependencies
Header Files
Resource Files

T
T

4 °.| Source Files

B ++ omp-Hello.c

Soluti...  Class.. Prope.. Team..

No (/openmp-

g omp-Hello - Microsoft Visuz

BUILD DEBUG TEAM  TOOLS TEST  AMNALYZE  WINDOW  HELP

- SHidie

P Local Windows Debugger =  Auto - Release - Win32

omp-Hello.c & X

[l omp-Hello - (Glo
#include «<stdic.h:
—lint main()

1
#pragma omp parallel

printf({"Hello, World!Zn"};

}
= CAWindows\system32\cmd.exe - =
100 % _ [lan npopoAXeHHA HAMMHTE HIJEHIII KAaBHWY .
< >
=
Show output from: | Build - =

1> Generating code

1> Finished generating code

1* omp-Hello.vcxproj -* K:VArkov-HPC\.omp-Hello‘Releaselomp-Hello.exe
========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========

arkov.narod.ru
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Yes (/openmp

b

FILE EDIT VIEW PROJECT BUILD DEBUG TEAM  TOOLS TEST  AMALYZE  WINDOW  HELP

Q- iB-2 WM P Local Windows Debugger =  Auto - Felease = Win32 - -
Solution Explorer * 3 X omp-Hello.c # X
& e-2aBd " [l omp-Hello - (Global Scope)
. . #include <stdic.h>
Search Solution Explorer (Ctrl+;) 2 - Sint main()
fad Solution 'omp-Hello' (1 project] i
4 [% omp-Hello #pragma omp parallel
b & External Dependencies printf("Hello, World!\n"); | BN CAWindows\system32\cmd.exe
7 Header Files ) World?
=5 Resource Files Egiiﬁ;
4 ] Source Files Uorld?
b *++ omp-Hello.c 100 % - Hg:‘%:ll:

Horld?
World?

Show output from:  Build

1> Generating code

1> Finished generating code
1> omp-Hello.vcxproj -3 K:\Arkov-HPChomp-HelloYReleaselomp-Hello.exe
========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========

Soluti... | Class.. Prope.. Team..

Build succeeded
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PacnapanenuBaHue

« ABTOMaTM4eckoe onpeaereHne ynucna
NTOrMYeCcKUX aaep npoLeccopa

— Yucno noTokoB = Yncny saep npoleccopa

LT Intel(R) Core(TM) i7-3820 CPU @ 3.60GHz | 1 gy -

% MCNoONE30BaHKMA Bonee 60 cekyHa, 100%¢ | HEHE}ump hellol
orld?
- World?

» World?
» World®
» World?
» World®
» World?
» World®
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Mopgenb fork - join

#include <stdio.h>

void main ()

{

printf ("Serial region.\n");
#pragma omp parallel
{

printf ("Parallel region.\n");

}

printf ("Serial region.\n");

}

arkov.narod.ru
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fork - join

- P Local Windows Debugger = Auto

omp-Hello2.c B X

- FRelease - Win3Z -

] ormp-Hello2
#include <stdio.h>

—Jvoid main()

1
printf("Serial region.\n");
#pragma omp parallel

1
printf("Parallel region.\n");
h
printf("Serial region.\n"};
b
100 %% -
Output

Show cutput from:  Build

1> Generating code
1> Finished generating code

- (Glebal S5cope)

CAWindows\system32\cmd.exe -

Serial region.

reqgion.
region.
region.
region.
reqgion.

region.
region.
region.

1> omp-Hello?.vcxproj -» K:\Arkowv-HPC\omp-Hello2\Releaselomp-HelloZ.exe
========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========

arkov.narod.ru
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Uncno notokos

« Tpu cnocoba 3agaHns NoNb3oBaTENbCKOro
Yymncna napansenbHblX NOTOKOB:

— napamMmeTp OKPY>KeHUS
. OMP_NUM_THREADS NUM

— oyHKUMS

- omp_set_num_threads (int num);

— NnapamMeTp ANPEKTUBDbI
- num_threads (num)
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OMP NUM THREADS

* [lepemeHHas oKpyXeHuns
— Environment variable

* Ypycno noToKoB napannernsHon obnacTtu

set
set OMP NUM THREADS=2

set

arkov.narod.ru
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OMP_NUM_THREADS

K:\EXE>set K:\EXE>set

NUMBER_OF_PROCESSORS=8 NUMBER_OF_PROCESSORS=8
OS=Windows_NT OMP_NUM_ THREADS=4

K:\EXE>set OMP_NUM THREADS=2

K: \EXE>set K:\EXE>omp-Hello2
Serial region.

NUMBER OF PROCESSORS=8 Parallel region.

OMP_NUM THREADS=2 Parallel region.
Parallel region.

K:\EXE>omp-Hello2 Parallel region.

Serial region. Serial region.

Parallel region.

Parallel region. K:\EXE>

Serial region.

K:\EXE>set OMP_NUM THREADS=4

arkov.narod.ru (c) Apbkos B.1O.



omp_set_num threads

- void omp_set_num threads (int num);

* OyHKUNSA
— Yurcno noTokoB napannenbHon obnacTu
#include <stdio.h>
int main ()
{
omp_set_num threads (3);
#pragma omp parallel
printf ("Hello, World!\n");

arkov.narod.ru
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omp_set_num threads

p Local Windows Debugger =~ Auto - Release - Win32

nurm-th.c & X

| num_th - (Global !

#include <stdic.h>
-lint main()
1
omp_set _num_threads(3);
#pragma omp parallel
printf("Hello, World!\n");

4. CAWindows\system32\cmd.exe

ello,. World?
ello,. World?
ello,. World?

Show output from: Build o €% | &£ |fa

1> Generating code

1> Finished generating code

1> num_th.vcxproj -» K:Z\Arkov-HPC\num_th\Releaseinum_th.exe

========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========
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num_ threads (num)

« #pragma omp parallel num_threads

* Onums ANPEKTUBBI
— Yurcno noTokoB napannensHon obnacTu

#include <stdio.h>

void main ()

{
#pragma omp parallel num_threads (3)

printf ("Hello, World!\n");

arkov.narod.ru
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num threads (num)

b Local Windows Debugger =  Auto - Release ~-| | Win32

num_thd.c & X

el num_th2 - (Glc
#include <stdio.h:
—lint main()

1
#pragma omp parallel num_threads(3)

printf("Hello, World!\n");

=N CA\Windows\system32icmd.exe

ello,. World?
ello, YWorld?
ello, Uorld?

Show output from: Build <

1> Generating code

1> Finished generating code

1> num_th2.vecxproj -* K:ZaArkov-HPChnum_th2\Release\num_th2.exe

========== Buyild: 1 succeeded, @ failed, ® up-to-date, @ skipped ==========

arkov.narod.ru
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omp_get_num_ procs

- int omp_get_num procs (void);

— OYHKUWSA: KONMYECTBO OOCTYIMHbIX NPOLLECCOPOB
(nornyeckux saep)

#include <stdio.h>
#include <omp.h>
int main()
{
int Np;
Np = omp_get_num procs();
print £ ("np=%d\n", Np);

arkov.narod.ru (c) Apbkos B.1O.
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omp_get_num procs

np.c B X
] ornp-np - (Glebal Scope)
—#include <stdio.h>
#include <omp.h>
—Jvoid main()
1
int Np;
Np = omp_get num_procs();
printf("np=%d\n", Np);

BN CAWINDOWS\system32\emd.exe

np=8 ~
""""""""""""""""""""" [na NpoAoKeHWA HaxMuTe nbyw Knasuwy |

Show output from:  Bu

13------ Rebuild
1> np.c

1> Generating code

1> All 4 functions were compiled because no usable IPDESICE] from previous compi
1> Finished generating code

1> omp-np.vcxproj -* E:ZArkoviomp-nphRelease\omp-np.exe

========== Rebuild All: 1 succeeded, @ failed, @ skipped ==========

arkov.narod.ru
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#pragma omp parallel

#include <stdio.h>
#include <omp.h>
void main ()
{
int S =0, i, N = 1000000, Np;
Np = omp_get_num procs();
#pragma omp parallel private (i) shared(S)
for (1 = 1; i < N; i++)
S =S+ 1;

printf (" Np = %i \n", Np );
printf (" N*Nth = %1 \n", N * Np );
printf (" S = %i \n", S );

printf (" Error = %i \n", N * Np - S );

}

arkov.narod.ru (c) Apbkos B.1O.
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omp-forc & X
] omp-for -~ (Global Scope)
—|#include <stdio.h>
#include <omp.h>
—lvoid main()
{
int S = @, i, N = 1000000, Np;
Np = omp_get _num_procs();
#pragma omp parallel private(i) shared(S)
for (1 = 1; 1 < N; i++)

S =5+ 1;
printf (" Np = %1 \n", Np );
printf (" N*Nth = %i \n", N * Np );
printf(" S = %i \n", S );

printf(" Error = %i \n", N * Np - S );

EE CAWINDOWS\system32icmd.exe - O >
8 ~

N*Nth 8000000

S 1064961

R Error 6935839

LIS UENEE [1NA Npodo/TKeHMa HaxmuTe by kKnasvwy . . .
1> @ of 4 -Func‘t' p ,ﬂ. ' 3 }

1> @ functions were new in current compilation
1> @ functions had inline decision re-evaluated but remain unchanged

1> Finished generating code

1> omp-for.vexproj -» E:\Arkoviomp-fori\Release‘\omp-for.exe

========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========
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Tvn
int

Tunbl nepeMeHHbIX
Bant

4 —2,147,483,648 ...
2,147,483,647

unsigned int 4 0...4,294,967,295

float
double

N

3.4E +/- 38 (7 uundp)
1.7E +/- 308 (15 undp)

oo
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num_ threads / thread num

int omp_get_num_ threads (void);
KonnyecTBo NOTOKOB B rpynre
Number of threads

int omp_get_thread num(void);
Homep noTtoka B rpynne
Thread number

OT 0 0O omp_get_num_ threads () -1
Homep mactep-notoka = 0
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num threads / thread num

#include <stdio.h>

#include <omp.h>

void main ()
{
int NTh; // KonmuecTBO NOTOKOEB
int TNum; // HomMmep noToka
#pragma omp parallel private (TNum, NTh) num_threads (3)
{
TNum = omp_get_thread_ num();
NTh = omp_get_num threads();
printf ("Thread %d of %d\n", TNum, NTh);
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get.c B X
@get - (Global Scope)
—1#include <stdio.h>

#include <omp.h>

—lvoid main()
{
int NTh; // Konu4ecTBO noToKOB
int TNum; // Homep noToka
#pragma omp parallel private(TNum, NTh) num_threads(3)
- {
TNum = omp_get_thread_num();
NTh = omp_get_num_threads();
printf("Thread %d of %d\n", TNum, NTh);

BN CAWINDOWS\system32iemnd.exe

Thread @ of 3
Thread 1 of 3
Show output from: | Build Thread 2 of 3

o NESRNN |17  MPOLO/IKEHMA HaxMuTe nwbyw kKnaewwy . . .

1> get.c

1> @Generating code
1> 2 of 5 functions (48.8%) were compiled, the rest were copied from previous compilation.
1 1 functions were new in current compilation

1> @ functions had inline decision re-evaluated but remain unchanged

1> Finished generating code

1> get.vexproj -» E:ZArkov\getiRelease'get.exe

========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========
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Onuua reduction

 #pragma omp parallel reduction(op: var)
e Op - onepartop

* var — CN1UCOK NEPEMEHHbIX

 #pragma omp parallel reduction(+: c)
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parallel reduction(+:S)

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

void main ()

{
int S =0, i, N = 1000, Np;
Np = omp_get_num_threads();
#pragma omp parallel private(i) reduction(+:S)
for (i = 0; i < N; i++)
S =S+ 1;
printf ("N*Nth = %$d\nS = %d\n", N*Np, S);

}
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(& par_red - (Global Scope)
—|#include <stdio.h>
#include<omp.h>
-lvoid main()
{
int S =9, i, N = 1808, Np;
Np = omp_get _num_threads();
#pragma omp parallel private(i) reduction(+:S)
for (1 = ©@; 1 < N; i++)
S =5+ 1;
printf("N*Nth = %d\nS = %d\n", N*Np, S);

BN C\WINDOWS\system32\cmd.exe

N*Nth = 1666
S = 86600

Show cutput from: | Bui i i

S — T I,ﬂ,ﬂﬂ npoooikeHNA HaxMuTe J'II'DG}-"I'D Knaguwy . . .
1> par_red.c
1> Generating code

1> @ of 4 functions ( 8.8%) were compiled, the rest were copied from previous compilation.
1 @ functions were new in current compilation

1 @ functions had inline decision re-evaluated but remain unchanged

1> Finished generating code

1> par_red.vcxproj -» E:VArkovipar_red\Release\par_red.exe

========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========

161 % -

Output
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#pragma omp parallel for

« lnpektmea for

— UTEPALUNN LUUKIIa BbINOJTHAKTCA MapaliJieribHO

— UTepaumn pacnpenensoTcs Mexay
napannernbHbIMU NOTOKaMWu

#pragma omp parallel for
for (1 = 0; i < N; i++)
S =S + 1;
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#pragma omp parallel for

#include <stdio.h>

#include <omp.h>

void main|()

{

int 1, S = 0, N = 1000;

#pragma omp parallel for

for (i = 0; i < N; i++)

S =S+ 1;

printf ("S = %d\n", S);

}

arkov.narod.ru (c) Apbkos B.1O.
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ABTOMaTn4eckoe
pacnapannenmBaHne LukKna

#include <stdio.h>
#include <omp.h>
void main()
{
int i, S = 0, N = 10, NTh, TNum,;
omp_set_num_threads (3);
#pragma omp parallel for shared(S)
for (1 = 0; i < N; i++)
{
S =S+ 1;
TNum = omp_get_thread num();
NTh = omp_get_num_threads();
printf ("Thread %d of $d Sum = %d\n", TNum, NTh, S);
}
printf ("S = %d\n", S);
}
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forc ® X
Fl omp_for

-l#1nclude <stdio.h>
#include <omp.h>
—lvoid main()

{

int i, S =@, N = 10, NTh, TNum; QI&=EE
omp_set_num_threads(3); Thread
#pragma omp parallel for shared(S) Thread
for (1 = @; 1 < N; 1i++)

{

}

- (Global Scope)

BN CAWINDOWS\system32icmd.exe

®

W W W ww W

PR RERNMNMNRNMNDOD

S =5+ 1;

TNum = omp_get thread_num();
NTh = omp_get_num_threads();
printf("Thread %d of %d Sum = %d\n", TNum,

printf("S = %d\n", S);

Show output from: | Build

: = | 2a

1> 2 of 5 functions (48.8%) were compiled, the rest were copied from previous compilation.
1> 1 functions were new in current compilation

1> @ functions had inline decision re-evaluated but remain unchanged

1> Finished generating code

1> omp_for.vcxproj - E:\Arkoviomp_for\Release‘\omp_for.exe

Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========

NTh,

W MNP0 WNWwRE

=
®
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for.c & X
(] omp_for - (Global 5cope)

—|#include <stdio.h>
#include <omp.h>
~lvoid main()
{
int i, S = @, N = 1@08;
#pragma omp for
for (1 = 8; 1 < N; 1i++)
S =5+ 1;
printf("S = %d\n", S);

} BN CAWINDOWS\system32\cmd.exe

S = 1666 “
"""""""""""""""" InA NpoAc/MKeHUA HaxmuTe nwbyw Knasuawy . . . L

Show output from:

 wrE W

1> Generating code

1> 1 of 4 functions (25.8%) were compiled, the rest were copied from previous compilation.
1> @ functions were new in current compilation

1 @ functions had inline decision re-evaluated but remain unchanged

1> Finished generating code

1> omp_for.vcxproj -* E:\Arkowvhomp_for\Release\omp_for.exe

========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========
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#pragma omp for

#include <stdio.h>
#include <omp.h>
void main ()

{
int 1, S = 0, N = 1000;

#pragma omp for shared(S)
for (i = 0; i < N; i++)
S =S+ 1;
printf ("S = %d\n", S);
}

arkov.narod.ru (c) Apbkos B.1O.
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#pragma omp for

%l omp_for - (Global 5cope)
—|#include <stdio.h>
#include <omp.h>
-lvoid main()

{

int i, S = @, N = 1000;
#pragma omp for shared(S)
for (1 = @; 1 < N; i++)

S =5+ 1;
printf("S = %d\n", S);

B CVWINDOWS\system32iemd.exe

S = 1eee

[inA npogoxkeHnAa HaxMuTe J'II-DG'}-’I-D Knaeupwy . . .

1> For.c

1> Generating code

1> @ of 4 functions ( @.8%) were compiled, the rest were copied from previous compilation.
1> @ functions were new in current compilation

1> @ functions had inline decision re-evaluated but remain unchanged

1> Finished generating code

1> omp_for.vcxproj -»> E:\Arkoviomp_for\Release\omp_for.exe

========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========
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#pragma omp for reduction

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

void main ()

{
int i, S = 0, N = 1000;
#pragma omp for private(S) reduction (+:S)
for (i = 0; i < N; i++)
S =S+ 1;
printf ("S = %d\n", S);
}
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#pragma omp for reduction

forrc B X
[l for_red - (Global Scope)

—l#include <stdio.h>
#include <omp.h>
-lvoid main()
{
int i, S = @, N = 10080;
#pragma omp for private(S) reduction(+:S)
for (1 = ©; 1 < N; i++)
S =5+ 1;
printf("S = %d\n", S);
} | BE cAWINDOWS\system32\cmd.exe
S = 1000 A
_InA nNpoAonkKeHWA HaxMmuTe nwbyw Knasuwy . . .

------ Build started: Project: for_red, Configuration: Release Win32 ------
1> Fforr.c
1> Generating code
1> All 4 functions were compiled because no usable IPDBSICE] from previous compilation was found.
1» Finished generating code
1> For_red.vcxproj - E:vArkovifor_red\for_red\Release\for_red.exe
========== Build: 1 succeeded, @ failed, @ up-to-date, @ skipped ==========
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CamocTodaTenbHO

* BbluncrneHne metogom NPAMOYTOJIbHNKOB

YUCria 11

» Onpenenute yckopeHue n adoPeKTMBHOCTL ONH
PasfIMYHOro Ymcra NnoToKoB

* BbibepuTe npuemnemyto NpoaomKUTENbHOCTb
pac4yeToB

* icnonb3ynte cpeaHee Bpemsd BblvncreHum no 10
3anyckam nporpammsl

— WabnoH nporpammbl

* YyebHuk AHTOHOB OpenMP
* Jlekunsa MPI

arkov.narod.ru

(c) Apbkos B.1O. 64



