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- TRTSLHI:
for (I=0;I<=MAX;I++)
C[I]=A[I]+B[I];

- FRAGE:
(Linux) -[a]xN, -[a]xB, -[a]xP
(Windows) -Q[a]xN, -Q[a]xB, -Q[a]xP

+ + + +

C[3] C[2] C[1] C[O]
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ML= J7Aa55 4
DA F|ZFFEDH S

call fluxx(fv, £x)
call fluxy (fv, fy)
call fluxz (fv,£fz)

£ 475

T— A 5 AL

ML= —TREZHEL.

\

i5[23EITT S

for (y=0; y<nLines; y++)

genLine (model,im[y]) ;
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for (i=0; 1<100; i++)
C(i) += A(i)*B(i);
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for\ (i=0;
C(i) +=

(<SN++)  fon (i=5;\<105 i++)

AG)*B(i); C(i)

+= A()*B(i);

for\(i=95% i<1QO; i++)
C(i) += A()*B(i);
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OpenMPTDRILFALYRTAS S35

- HEAFOREZIL—TFTOTOTSLDEILAVEEBDALYRT

m) B [C AL 2

« BHORALYRZEHO7Oy a7 LT RBNIET S

void main()
{
double Res[1000];
I SHEAR O RELGHEIL—TITHLT,
Il RIVFALYRTOAFRELERALES
for(int i=0;i<1000;i++) {
do_huge comp(ResJi]);
}
}

{

=)

}

void main()

double Res[1000];
#pragma omp parallel for
for(int i=0;i<1000;i++) {

do_huge comp(ResJi]);
}
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Win32 APIZLATDEHE

#include <windows.h> void main ()
#define NUM_THREADS 2 {
HANDLE thread handles[NUM_THREADS]; double pi; int i;
CRITICAL_SECTION hUpdateMutex; DWORD threadID;
static long num_steps = 100000; int threadArg[NUM_THREADS];
double step;
double global_sum = 0.0; for(i=0; i<NUM_THREADS; i++) threadArg[i] = i+1;
void Pi (void *arg) InitializeCriticalSection(&hUpdateMutex);
{
int i, start; for (i=0; ikNUM_THREADS; i++){
double x, sum = 0.0; thread_handles[i] = CreateThread(O, O,
start = *(int *) arg;
step = 1.0/(double) num_steps; (LPTHREAD_START_ROUTINE) Pi,
for (i=start;i<= num_steps; i=i+NUM_THREADS){ &threadArq|i], 0, &threadID);
x = (i-0.5)*step; }
sum = sum + 4.0/(1.0+x*x); WaitForMultipleObjects(NUM_THREADS,
} thread_handles, TRUE,INFINITE);
EnterCriticalSection(&hUpdateMutex);
global_sum += sum; pi = global _sum * step;
LeaveCriticalSection(&hUpdateMutex); printf(" pi is %f ¥n",pi);
} }
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MPIZKATDEE

#include <mpi.h>
void main (int argc, char *argv[])

{
inti, my_id, numprocs; double x, pi, step, sum =0.0 ;
step = 1.0/(double) num_steps ;
MPI_Init(&argc, &argv) ;
MPI_Comm_Rank(MPI_COMM_WORLD, &my id) ;
MPI_Comm_Size(MPI_COMM_WORLD, &numprocs) ;
my_steps = num_steps/numprocs ;
for (i=my_id*my_steps; i<(my_id+1)*my_steps ; i++)
{
X = (i+0.5)*step;
sum += 4.0/(1.0+x*x);
}
sum *= step ;
MPI_Reduce(&sum, &pi, 1, MPI_DOUBLE, MPI_SUM, 0,
MPI_COMM_WORLD) ;
}
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OpenMPIZ&LATDEHE

#include <omp.h>
static long num_steps = 100000; double step;
#define NUM_THREADS 2
void main ()
{
inti; double x, pi, sum = 0.0;
step = 1.0/(double) num_steps;
omp_set_num_threads(NUM_THREADS);
#pragma omp parallel for reduction(+:sum) private(x)
for (i=0;i<= num_steps; i++){
X = (i1+0.5)*step;
sum = sum + 4.0/(1.0+x*x);
}
pi = step * sum;

}
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Cluster OpenMP[ZXkATDETHE

#include <omp.h>
static long num_steps = 1000000; double step;
static double sum = 0.0;
#pragma intel omp sharable(sum)
#pragma intel omp sharable(num_steps)
#pragma intel omp sharable(step)
#define NUM_THREADS 4
void main ()
{
int i; double x, pi;
step = 1.0/(double) num_steps;
omp_set_num_threads(NUM_THREADS);
#pragma omp parallel for reduction(+:sum) private(x)
for (i=0;i<= num_steps; i++){
X = (i+0.5)*step;
sum =sum + 4.0/(1.0+x*x);

}

pi = step * sum:;
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Module (40) |Thread (40)  [Function (40) [Class (40) [Calls (40) |Self Time (40) [Total Time .. /]|  Goupbe [& Function
YTUNDEMO.EXE  Thread_D(B1C)  _ sbh_alloc_new_region 1 1 a7 Function
YTUNDEMO EXE  Thread_D(B1C) _output 4 g2 &7
YTUNDEMOEXE  Thread_D(B1C)  sprintf 4 1 &
YTUNDEMO EXE  Thread_0(1C) _cinit 1 & 7o test_memsel
YTUNDEMO EXE  Thread_0(E1C)  doexit 1 3 a

<| WTUNDEMO FXF - Thread NIR1CY eyt | 1 n ?r'

’_| D G E e | <3 =) | o Tl | | s G2 ||%| =1 | | | | Show top |&uto j % | Recalculate Highlight: ane j
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Showwlng
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aaaaaaa
GetTemEnentPoints!

Hpatch Mezzage A

|Last command: Fit in window |2? nodes, 26 edges; [27 and 26 shown; 0 and 0 selected]

Graph I Call List I

Intel Vtune Call Graph Intel Vtune Hotspot Graph
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float w[*][*], u[*][*];

Initialize u;
while (!stable) {
copy w => u; //swap pointers
for i = .
for jJj = ..
Compute w;
for i = .
for j = .
Sum up differences;
stable = (avg diff < tolerance) ;
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AL DHEZER EZT DX R

1.
do i=2,n
a(h=2*a(i-1)
end do
2.
IX = base
doi=1,n
a(ix) = a(ix)*b(i)
IX =X + stride
end do
3.
do i=1,n
b(i)= (a(i)-a(i-1))*0.5
end do
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R
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b3z EnBYET . CDLSHkREERace Condition (FREIREE)
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- OpenMP [&, RILFRALYRHSITAT ST DT D API
(Application Programming Interface)

— OpenMP API (&, 1997 IZHEFRIN . TORBEHIZ, N—230TF7vTEN
TWSERBERE

— ZLODN—FITTEIVVITDIT - ROF—NEMT HIEEFIE4t
(Open MP Architecture Review Board) IZ&>TEEINTEHY. Linux,
UNIX ZL T . Windows ¥ X7 L THI AT &E
e OpenMP [X. C/C++ X Fortran £EE-1=av /(S EETILALY
— aAVNASIIx T RGN NIBEDHEENLREREL=ED

— OpenMP ZFIBT BIZIF. 1oTILavis45 N\—23> 9.0 VJ—AD &S
% OpenMP Y R—r9 a0/ \(SHBE
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o AVNASDYR—F
— AVINAT- AT 3> TOHEA. IEEFHDZEIRAEEE (Windows : /Qopenmp
AAvF. Linux:-openmp AAYF )
— ALYFDEBPERALYFDORIEIOVFA—LELSE=HIHZERIZT H2REN
s A
— OpenMP_TRFMEZERALTLT, FHREGENTREICLGoI5E . HHEI(C
TR T HEERETICUYEBEZDELREE(TAT S LD TNNYIT A
Z)
« BARBGHUFEDIETR
— AVNATITHLT, HHIME D= DEU a5 25D THL, BARBIZIEFI4E
HERORESIERITEZIEELTH. AVNAIIEZEDIERIZHE-S T, A5
EZ1712
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void main()
{
double Res[1000];
I SHEAR O RELGHEIL—TITHLT,
Il RIVFALYRTOAFRELERALES
for(int i=0;i<1000;i++) {
do_huge comp(ResJi]);
}
}

OpenMP
R 13

void main()

{
double Res[1000];
#pragma omp parallel for
for(int i=0;i<1000;i++) {

do_huge comp(ResJi]);

}

}
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History of OpenMP

OpenMP pre-history

e] Merged,
e« OpenMP based upon SMP direct needed

commonality

standardization efforts PCF and -
X3HS - late 80’s Cray products

« Nobody fully implemented either
Wrote a

« Only a couple of partial solution:! KAl ISV - needed rough draft | [Gther vendors
» Vendors considered proprietary larger market /| Suaw fan invited to join \

competitive feature:
+Every vendor had proprietary direc was fired of

recoding f
+Even KAP, a “portable” multi-platfc L Sa OpenMP
tool used different directives on ea vendors to 199
PCF — Parallel computing forum  KAP — parallelization to standardize. ¥4
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OpenMP APIMD'JV)—X D FERR

- OpenMPD M HERREE X, OpenMPDR—LAR—
www.openmp.org TAFTECENTARETT . RETDOpenMP D
J1)—R[E, 2005F5H [THEFSNT=, OpenMP 2.5THY., DL
R CC/IC++EFortranDIREHAHESNhELT =,

1998 2002

-
OpenMP
C/IC++ 1.0
-

-~
OpenMP 2005
C/IC++ 2.0

> OpenMP
Fortran

C/C++ 25
»

-

OpenMP
Fortran 1.1
-

-~
OpenMP
Fortran 2.0

ES

ES
OpenMP
Fortran 1.0

1997 1999 2000
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OpenMP M 4315
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OpenMP In Visual C++

e ILE

REE &LV

3 OpenMP in Visual G++ — Microsoft Internet Explorer

BRIZADE W=D ALFH

Q- Q X RA® Poxesmncw @ 2 W-JEH @3B yuh

FELAD |@ bittps// redn2. microsaftoom/en-us/library/tt] Geb9t fen-us, VS 80 aspx

Directives
Clauses
Library Referenc
< and C++ appl
Run-Tirme Library
Standard C++ Libre
C++ Support Librar
C++ attributes Refere
C/C++ Languages
Microsoft Macro Asserr
Samples
Visual J#
JScript
Visual Web Developer
Visual Studio Tools for Office
Srnart Device Developrent
Tools and Features
Glossary (\MET Framewark)
Visual Sourcesafe
Visual Studio Team System
[ .MET Framewark SOK (see MET
[ visual Studio .NET
[ wisual Studio 6.0
[ Yisual FaxPra
Mobile and Embedded Developrner
.MET Development

[+] offire Salutinns Develnnment

MSDMN Home | Developer Centers | Library

Ey

Downloads | How To Buy | Subscribers | MSDN Warldwide

Be the first to rate this content! Rate this page

MSDM Library = Development Tools and Languages = Misual Studio = Wisual ©4+4+ = Reference = Libraries
Reference = OpenMP

CpenMP Reference

OpenMP in Visual C++
The OpenMP C and C++ application program interface lets you write applications that effectively use multiple processors,

Wisual C++ supports the OpenMP 2.0 standard.

In This Section
CpenMP Directives
Provides links to directives used in the OpenMP API.

QpenMP Clauses
Pravides links to clauses used in the OpenMP APIL.

OpenMP Library Reference
Provides links to constructs used in the OpenMP API.

CpentP C and C4+4 Application Prograrm Interface
Discusses the OpenMP C and C++ API, as docurmnented in the wersion 2.0 specification frorm the OpenMP Architecture Review
Board.

Related Sections

openmp (Enable OpenMP 2.0 Suppart)
Causes the compiler to process #pragma omp.

Predefined Macros
Marmes the predefined ANSI C and Microsoft C++ implementation macros. See the _OPEMMP macro.

| 5 Printer Friendly Wersion Send This Content Add To Favorites
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GNU Compiler Collection

A GGG Home Page — GNU Project - Free Software Foundation (FSF} - Microsoft Internet Explorer
IJrLE REE FTW BRLADGE WD ATE

OF-Q X RG Pox e @ -2 W - @3 yuh

TRELAD |@ http:/fecc.enuores Iﬂ fedh
-~
About GCC We i . o pagal >
Ilizsion Statement :
Eeleases

Mol Rie st ] March 9, 2006
e e o provide Richard Henderson, Jakub Jelinek and

Steering Committes
Documentation cross targets (including]

it GCC Our sonwees ar Diego Novillo of Red Hat Inc, and

- Testing

Mo e cenons s Dmitry Kurochkin have contributed an
Wild Cwrent release seriq

Further Readings Branch status: 2 implementation Of the

Download Previous release ser

e Bravians rolosse wer parallel programming interface for C,
development C++ and Fortran.

Active development
Status: Stage 2, 21N

"Live" Sources
2WHM read access

Eeyne read access
2V write access

Development
Development Plan
- (tentative timeline News/ Announcements
Contributing
_Why? March 10, 2006
Cipen projects GCC 4.0.3 has heg Aaed.
Front ends March 9, 2006
% Eichard Henderson, JTakub Jelinel: and Diego MNowille of Eed Hat Ine, and Dimitry Eurochkin have contributed an
ﬁ ]smnis inplementation of the OpentdP v2 5 parallel programming mterface for C, C4++ and Fortran.
February 28, 2006

Bugs G 4 1.0 has been released.
b B o2 - = (4
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Software Products
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Downloads
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Intel® Software
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Threading on Intel® Parallel Architectures [

Help

Forums Home » Platform and Technology Discussions » Threading on Intel® Parallel Architectures

Cvepyie Technical Support - User Resources

With the introduction of the Pentium® 4 3.06 GHz processaor, and Hyper-Threading Technology for the desktop,
threading is no longer within the exclusive domain of Server application developers. Tap our experts and your peers,
to meet the challenge of developing povwerful 05- and spplication-level threaded applicstions for server and desktop
environments alike. Questions about INtel® Threading Tools? Ask them here too.

TOPIC RPYS | LATEST MESSAGE
& | Welcome to the forum ] BTt LD;;QBSi r’? kn;
@ | Introduce yourself here [1 23] 26 S _ESDSBrEE:IIQJnAeh;
=3 | Should threads he part of C++ language? 1 A W0 Al

by jseigh

01-26-2006 10:50 Ak

@ | OpenMP guidance [12] 12 by tim 12
3 Strange crashes of OMP-parallelized FFT code 3 01-26-2006 07:23 &b
on ftanium by hagably
01-25-2006 0d:01 A0

3 | #=* Moved: Better 8-node HPC cluster 1] P
by sinedie
=3 Join the Intel Software Network and TopCoder 0 01-24-2006 03:22 P
Challenge! by hagablb
I What Intel CPU from to support hardware i 01-16-2006 0217 &4
DEP ? by andyjung

£

© 5ok

A—S5T WO AT LA &1t




OpenMPR4—ZE )T+«

SSLV Ascent, 24M cells, Mach 2.6, a=2.09° |

NASA/CART3D 500 ————
540 GFLOPI/s [ - Ifif;alo MP. 24M cell //—:600
CPUHT-YD1EEE: 1.33 GFLOP/s | OO el> Dpenyin, Sa cels .
N o 400_
it 5I| {4 5E : 496 7 Ot H TA05% i 500
% -
2 300 400 =
Iy (o
Z S
9 I 300 =
Tg} 200 - O
= I 200
100} ]
[ 1100
0_’....|....|....|....|....‘
0 100 200 300 400 500
# of CPUs

Virtual Flight on High-Performance Architectures _ . a
M. J. Aftosmis, S. M. Murman, M. Nemec, NASAAmes SC2004,Pittsburgh, PA, Nov. 6-12, 2004 AT —5T JLO AT LA (R &4



MP1&EOpenMPMAPIEL T EEER

MPI (Ayt—28wd ) OpenMP
Fl |® DEATRIVCRATLERBAEIVATL |o HIHELERS
= DIF TH FARIRE o ELLATUIEBLVIURIE
o /—FHAXZBATOLFINENTEE |o FBIELHEINAFE
° T HEEDHIHNES o HIFEEITIRTFELALNIEFIE AVETAE (R EE
EBRRIE D 5 HYAT RE
o FMLARSE(A—R/INTUR)HETEE
G | TRUSLEARMLBRSZTLEL o T/\ |0 HBARYD AT LT
& v HI R o /—RHAZXNRT—SEYTADRF
Role BULATULLEN VNG o F—AREMNIEICLSAEEMENH D
o BHMETHDIAJIIVINDEUL—T |o L yROHMH S A FHE
LARJILTOIFIEIFEELLY)
o BMA/E(A—KRN\TUR)MNELLY
67 RT=S5 TN RT LXK K &4t




68

MP1&EOpenMPMAPIEL T EEER

MPl (Ayt—T8w )

OpenMP

Al
1t

BRI E TOAEFIE
—R&ICIE. SPMDEDOTOY ST
T—ARMH|THAR M| THF BT

Lap,
He

BRAIETO A H L+ A EE

—fRIZIE. =T LRIILTOALFEEIT
S5H. SPMDE D TO4S 534 4 Al RE
T—AHTERRY UM FTHFI A EIEE
OpenMPOERI[E. ALYFDT—Hx
TTHAHIDN BLRDALYREADT—E2D
TY A4 A HE

BHOTOERMSERINS
‘Shared Nothing' 7Ot X
[GHIEAYE— R
Eiﬂﬂfi@(i%vt—’)&"?ﬁﬁl:%ﬁé

BEHALYEILEREINS
ALYRRZyILISME, £ THESNS
ZH7E R L E AN E
HET—E~DTHIER

Ar—S5 TNV AT LA &4t




L/ LIREE

F—ROHEHF |o Ivbt—THFEDE o HFAEMBHICEZIEMN
o JO—R*+¥ Xk
o X*Xyyh Ty
T—HADRE |o FOTOCANGAEIZHMA @ ALvybO—h/LigikEE
WA EMNTERLY o ALYrREVIEE#MLEDRAO—T
e OpenMP* RO—7
e =a1—7TvYRA(Mutex)
F_HOEEL o BHDALYRIEHKET—RIITIE
A
o ETIEIFRESNTLSMNRIISH
TLVZELY
o N
69 17—57}LDX?AX$$Eﬁ%*i



OpenMP 7045 5L M=

$ cat -n pi.c

1 #include <omp.h> // OpenMPZEATRFEIHIFUHL
2 #include <stdio.h> /] DI=HDANIET7LIVDIEE
3 #include <time.h> — =
4 static int num_steps = 1000000000; OpenMP?E‘m{T
5 double step;
6 int main ()
7 | -
8 int i, nthreads; OpenMP¥‘?TH#E§I
9 double start time, s
10 double x, pi, s
11 step = 1.0/ (d ¥ ; // OpenMPH LT ILTATS L
12 #pragma omp parallel priva // AMBHNEITHEBORTE
13 { nthreads _get/ num threads(); // RITHEBMIZIDIALYFHORMEG
14 #pragma omp for reduction(+:sum) // “for” TV—ILxT7HX
15 for (i=0;i< num_steps; i++){ // privateéreductionifiRfl
16 x = (i+0.5) *step; // DIEE
17 sum = sum + 4.0/ (1.0+x*x) ;
18 }
19 }
20 pi = step * sum;
21 printf ("$5d Threads : The value of PI is %10.7f¥n" ,nthreads,pi);
22 }

$ icc -O -openmp pi.c
pi.c(14) : (col. 3) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.
pi.c(12) : (col. 2) remark: OpenMP DEFINED REGION WAS PARALLELIZE

$ setenv OMP_NUM THREADS 2 <—
REZHOEE

$ a.out
2 Threads : The value of PI is 3.1415927
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Cluster OpenMP XL wyké&7O+ER

Thread 12

Thread O Thread 4 Thread 8

Thread 1 Thread 5 Thread 9 Thread 13

Thread 2 Thread 6

Thread 10 Thread 14

Thread 3 Thread 7

Thread 11 Thread 15

Process 2 Process 3

Process O Process 1

Node — VS RAZER T HRETEM L AT LA
JA+tX - Linux®7AEX

- ALYE — OpenMPD ALK (TAEAFD AL YER)
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Cluster OpenMPAE!ET )L

- JOtERAMTOpenMPRALYRN 712X BERIL, 'sharable’ &
MELTHTR

— BEOOpenMPOEEFT—FNEETIX. FOCRABTOT—2HEHBIIH XK
HWNTOERRNTOT—2OHEF*EE

Process 0 7FL X224

#*H
Cluster OpenMP I:@?’éﬁ—ﬁiﬁ Cluster OpenMP
HEAEY D= HEAEY
Process Process
HEAE HEAE
Private Private
Memory Memory

Process 1 ZFL RAZEMH
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'sharable’ Z#NDE =

« Open I\/IPG)TEﬁtﬂ‘Ca 'shared’ LI RESNEEHOCHEEILEH
[X. C®D ‘sharable DEENHE (=1L, F7MILIRL U FZED Y
AT LHERTHIEHITERS

- ‘sharable DEENVELERICREATHERIE. A /\M1FFD
Iyt—ILL T, ERLAHEE

{5l) —clomp-sharable-propagation ZZ7>3> DiE%E

ifort —cluster-openmp —clomp-sharable-propagation —ipo file.f file2.f
fortcom: Warning: Sharable directive should be inserted by user as
‘Idir$ omp sharable(n)’ in file file.f, line 23, column 16

T—A D sharable’ BEE &, OV /\ 1S5 R{TCEE

#pragma intel omp sharable(var) Il C,C++
Idir$ omp sharable(var) | Fortran
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A INTIZ&BT—

AHEEFIC

ESE R

7055 L00OFT—2IZFLT. 'sharable’ $§
ENBELZT—RICET SEHREH AL, OV
NMTZERITORBICEALTEEDESHZIRE

% ifort -cluster-openmp -clomp-sharable-propagation -ipo jacobi.f

Global variable '/idat/' not made sharable since it is not allocated space in any compilation unit

fortcom: Warning:
in file jacobi.f,

fortcom: Warning:
in file jacobi.f,

fortcom: Warning:
in file jacobi.f,

fortcom: Warning:
in file jacobi.f,

fortcom: Warning:
in file jacobi.f,

fortcom: Warning:
in file jacobi.f,

fortcom: Warning:
in file jacobi.f,

jacobi.f(177) : (col.

line 86, column 26

Sharable directive should be
line 72, column 39

Sharable directive should be
line 72, column 42

Argument #6 must be declared
line 86, column 26

Global variable '/fdat/' not
line 81, column 20

Argument #7 must be declared
line 81, column 20

Argument #8 must be declared
line 81, column 20

inserted by user as

inserted by user as

as sharable

'1dir$ omp sharable (dx)'

'1dir$ omp sharable (dy)'

made sharable since it is not allocated space in any compilation unit

as sharable

as sharable

6) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.

jacobi.f(186) : (col. 6) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.
jacobi.f(175) : (col. 6) remark: OpenMP DEFINED REGION WAS PARALLELIZED.
jacobi.f(112) : (col. 6) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.
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'sharable’ ZHDE =

AVoFILa—Fk

AVINSF T3y

AVINASATavE
FEI))
’sharable’ THODEE

common /blk/
a(100)

-clomp-sharable-commons

common /blk/ a(100)
Idir$ omp sharable

(/blk/)
real a(100) -clomp-sharable-localsaves |real a(100)
save a save a
Idir$ omp sharable (a)
module m -clomp-sharable-modvars module m
real a(100) real a(100)

Idir$ omp sharable (a)

77
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BB IS5 X 20penMPT A9 S5 L

#include <omp.h>

static int x;
#pragma intel omp sharable (x)

sharableT4L Y T4T TAVINLS
int main () [CE#HxIEDVSM EICEMIEITHIE
{ BB EEERT S
x = 0;
#pragma omp parallel shared (x)
{

#pragma omp critical
X++;

}
printf ("%d should equal %d¥n", omp get max threads(), x);

}
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common/storage/ x(2*nk), q(0:ng-1), gq(0:ng-1)
data dum /1.d40, 1.d0, 1.d0/
'dir$ omp sharable (/storage/)
'dir$ omp sharable (sx,sy)

!Somp parallel default (shared)

'Somp& private(k,kk,tl,t2,t3,t4,1i,ik, x,x1
do 115i =0, ngq -1

gqg(i) = 0.4d0 . X

115 continue sharableT«4L 27«42 Ty

INASIZE i xIZDVSM EI(Z
ENETNIEGELHENEF
kk = k_offset + k *E'ﬁ:j_é

!Somp do reduction (+:sx,sy)
do 150 k = 1, np

sSx = sx + t3
sy = sy + t4
endif
140 continue

150 continue
!Somp end do nowait
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TR S LDAVINAJLEETT

a2 /81 JLEE(Z. Cluster OpenMPT® it 5| A% $5 E

$ icc —cluster-openmp test.c

$ cat kmp_cluster.ini

--hostlist=rufus,dufus --processes=2 --process threads=4
$ a.out

8 should equal 8 ERTEIT7AIL kmp_cluster.ini [ZFI AT

5200 /—F#iEEL. & /—FLETH

BAd4570X#HLL5TORAH=YD
ALYEHMZFIEET S, cOGEIZIE. &
HhteT.8ALYRTOHFINIELL S,
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Cluster OpenMP A4S LMaV ()L E

E1TH

$ cat -n cpi.c

#include <omp.h>
#include <stdio.h>
#include <time.h>
static int num_steps
double step;
#pragma intel omp sharable (num_step
#pragma intel omp sharable (step)
int main ()

wCoJdouUuld WN R

{

10 int i, nthreads;

11 double start time, stop_time;
12 double x, pi, sum = 0.0;

13 {#pragma intel omp sharable (sum)
14 step = 1.0/ (double) num_steps;
15 #pragma omp parallel private (x)

ISRSMERTEDER

// /openMPEFTRFEAMIEUHL
/) DFEHDANYETFAILDIETE

OpenMPE{THEI ¥

/[ OpenMPHLTILTOTS L
/ HHIEITHEBEDERTE

16 {
17 nthreads = omp_get num_threads // EITRHEBICKIALYFHONE
18 #pragma omp for reduction (+:sum) // “for” T—HLITHEX
19 for (i=0;i< num_steps; i++) { // privateé&reduction{giiRfl
20 x = (i+0.5)*step; // DIEFE
21 sum = sum + 4.0/ (1.0+x*x) ;
22 }
23}
24 pi = step * sum;
25 printf ("$5d Threads : The value of PI is %10.7f¥n",nthreads,pi);
26}
Y . AN IVEAVE—D
$ icc -cluster-openmp -O -xT cpi.c <—
cpi.c(18) : (col. 1) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.
cpi.c(15) (col. 1) remark: OpenMP DEFINED REGION WAS PARALLELIZED.

$ cat kmp cluster.ini
--hostlist=node0,nodel --processes=2 --process_threads=2 --no_heartbeat --startup_ timeout=500

: The value of PI is 3.1“ ﬁ@]%ﬁmgiﬁﬁo)gﬁﬁ

$ ./a.out
4 Threads

Rr—5T WO AT LXBA =1
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Cluster OpenMP TR E &=

!Somp parallel
!Somp& default (shared)
'$omp& private(i,j,k,rij,d,pot i,kin i)

pot i = 0.0

kin i = 0.0 —
'$Somp do __Em OpenMP

do i=1,np

Ml Cluster OpenMP

! compute potential energy and forces
f(l:nd,i) = 0.0
do j=1,np
if (i .ne. j) then
call dist(nd,pos(1,i) ,pos(1,7j) ,rij,d)

! compute kinetic energy
kin i = kin i + dotr8(nd,vel(l,i),vel(1l,i))
enddo
!Somp end do
'Somp critical
kin = kin + kin_i
pot = pot + pot i
'Somp end critical
!Somp end parallel

SpeedUP

ALgBE 55 )L0 25 LR R 24
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OpenMPJLC

N
http://www.sstc.co.|p/OpenMP
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| @ » | [ + [ netp:jwww.sst.co.jp/biz/projects/Opente.html ¢ [Qr coogle | O %~
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OpenMPHZARGERFa AVE

OpenMPIZBi 9 5B ARFEFFaAVE
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A2 TIL® AVINS—EBMUFIEL AR TaFIaF/IILFO
TRET TV r— 3 Bi% 4 [PDF B3 797 KB]

AT IL® Fortran I /8fL5—: OpenMP* EHAK TaZ7IL
:7]/ RIVFATHRIET TV r—a E% 3 [PDF X 1,543

KB

AT IL® CIC++aAINL5—: OpenMP* SERAHAF Ta7JLa
ZIRWVFATRIET TV r—a> 5% 2 [PDF B 1,391 KB]

A2 TIL® AV I 5—: OpenMP* AP FTaZJILaF7/RILF
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Cluster OpenMP*

User’s Guide

Version 9.1

Copyright ® 2005-2006 Intel Corporation
All Rights Reserved

Issued in USA.

Document Number: 309076-002 US

World Wide Web: htip://developer.intel.com
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Extending OpenMP*
to Clusters
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Intel Software Network

— http://www.intel.com/cd/ids/developer/asmo-na/eng/index.htm

Intel Developer Center — Threading

— http://www.intel.com/cd/ids/developer/asmo-
na/eng/dc/threading/index.htm

Intel Multi-Core Processing
— http://www.intel.com/cd/ids/developer/asmo-

na/enqg/strateqy/multicore/index.htm

Intel Developer Solutions Catalog
— http://lwww.intel.com/cd/ids/developer/asmo-

na/eng/catalog/index.htm
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MPI/OpenMP/\AJ)syyka—K

« MPITHFIELESNI=7 TV r—3,a2I=0penMPT
« MPILE{EEOPenMPTODIT—H 2 7%F

DEH

include ‘mpif.h’
program hybsimp

call MPI_Init(ierr)
call MPI_Comm_rank (...,irank,ierr)
call MPI_Comm_size (...,isize,ierr)
| Setup shared mem, comp. & Com
ISOMP parallel do

doi=1,n

<work>

enddo
I compute & communicate
call MP1_Finalize(ierr)
end

Fortran

ILTHERR L1 5| L E

#include <mpi.h>
int main(int argc, char *argv){
int rank, size, ierr, i;

ierr= MPI_Init(&argc,&argvl]);
ierr= MPlI_Comm_rank (...,&rank);
ierr= MPlI_Comm_size (...,&size);
//Setup shared mem, compute & Con
#pragma omp parallel for

for(i=0; i<n; i++){

<work>

}
// compute & communicate
ierr= MPI_Finalize();

C/C++

Im

Ar—S5 TNV AT LA &4t



93

OpenMP/MPINATJ 1) yRkETIL

- MPIIEEDHSEERELEESIAITY
« HELEEZIERPICEITTHELATHE
o BEIFTRE—ALYR VT ILALYR, €RALYRTERITT A EATTEE

nMPRL vk
Ope N RT—S5T WO AT LK &4t



OpenMP/MPI/NATJ)yyKka—K

+  OpenMP®DF R4S .LIZMPIEEZ BN

. ﬁ?—?d)OpenMP7°IZI75A0)BE§E’¢ZI/“JI37’EI77A0)¥EEF#J% (1))
TER

+ MPIEERICEEF-RBEILShI=T—HBIES1T Y
Fortran C/C++

include ‘mpif.h’ #include <mpi.h>
program hybmas int main(int argc, char *argv){
int rank, size, ierr, i;

I$SOMP parallel
#pragma omp parallel
I$SOMP barrier {
I$OMP master #pragma omp barrier
call MPI_<Whatever>(...,ierr) #pragma omp master
I$OMP end master {
I$SOMP barrier ierr=MPI|_<Whatever>(...)

}

#pragma omp barrier
I$OMP end parallel
end }
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OpenMP/MPI//\AT1)yk

This is the Hybrid OpenMP MP| Benchmarkproject (“homb”) <
Hy brld OpenMP MPI Ber\ChmarkDrOJeCt This project was registered on SourceForge net on May 16, 2009,
(”h Omb”) and is described by the proje
HOMBis a simple benchmarmoase on a parallel it
solver aimed at comparing the performance of MPI, OpenMP, and
hybrid codes on SMP and multi-core based machines.
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