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Moore's law describes the empirical regularity that the number of transis stors on integrated circuits doubles approximately every two yea
This :-arJv:-n\r'c*mom is unporl‘nnr for other aspects of technological progress in computing - such as processing speed or the price of compurcrs,
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ALy FO
l OMPXL vy FF—L
Fork
ALy FO Al v F1 ALy k2 AL vy F3 &5 -3
4 A Join
|
ALy RO

[SIIE S 21 C .. 7
ISomp parallel #pragma omp parallel @

WHY — 5> {
ISomp end parallel @ . AFY =P 3 v

7] } ?@
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C] #include <omp.h>

F] use omp_lib

*OpenMPEEDEH 2 ERIT 5 7-HDEELLEW

|$ use omp_hb F #include <Omph> @
integer :: myid, nthreads int myid, nthreads;

nthreads = omp_get_ num_threads() nthreads = omp_get_ num_threads();
myid = omp_get_thread_num() myid = omp_get_thread_num();
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- RRKR Ly FEES

[C][F] nthreads = omp_get_max_threads()
-G - avADRX Ly FEEUS
[C][F] nthreads = omp_get num_threads()
- BRAL vy FESIS

[C][F] myid = omp_get_thread_num()

1$ use omp_lib F #include <omp.h> @
integer :: myid, nthreads int myid, nthreads;

nthreads = omp_get num threads() | nthreads = omp_get_num_threads();
myid = omp_get_thread_num() myid = omp_get_thread_num();




OpenMP D E K

- ISz % (EHRER)

« HEFRD O DFEBIFFEZIFETE DT, HELE-VWXEDORIEICLUUT DOREE %
HIAATEZRDET,

q

LN
N
o
~
m\
“
LN
~N
00
=)
<

[F][C] time = omp_get wtime()

1$ use omp_lib F #include <omp.h> @
real(8) :: dts, dte double dts:
dts = omp_get_wtime() double dte;
e LI .. dts = omp_get wtime();
dte = omp_get_wtime() e JLIE ..
print *, dte—dts dte = omp_get_wtime();
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#pragma omp parallel @ Al 4 F‘ @EE’JN ﬁ@%
{

#pragma omp for )

for (i=0; i<100; i++) { [C] #pragma omp parallel { }

ali] =i
)
. - B} AAMEIIR Ly B TaL
pragma omp Singie
{ BIN5,
| — EHZL vy K0

@HY - av)

#pragma omp for

for (...)
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> % 18 7E (Fortran)

ISomp parallel

I$omp do

doi=1, 100
a(i) = i

enddo

I$omp end do

I$omp single
call output(a)

I$omp end single

I$omp do
doi=1,100
enddo

I$omp end do
ISomp end parallel

F

(3

S EHAL Y K COE

p—

ALy FDiE

[F] '$Somp parallel

ALy F D&

[F] '$omp end parallel

55— 3 v)
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EBERA7Z7 74V (OpenMP)
rokko:/home/guestb59/openmp

oA raR—LT4 L7 F)ICaE—d%

mkdir ~/summer
cd ~/summer
cp -r /home/guestb9/openmp/ ./
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EE1-1: omp_ex01 1.c

ALy READERL. ZNEFND XLy KT "Hello, World” & H 1+ &

EE1-2 : omp_ex01 2.c

XLy KADTET. ZTNENBAL Yy FESZEELHOT L

#include <stdio.h>
omp_ex01_1.c

#include <stdio.h> @ int main(void){
#pragma omp parallel

int main(void){ ‘ {

printf(“Hello, World!"); printf(“Hello, World!”);

} }
}
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JEE1-1: omp_ex01 1.f90

ALy READERL. ZNEFND XLy KT "Hello, World” & H 1+ &

EE1-2 : omp_ex01 2.f90

XLy KADTET. ZTNENBAL Yy FESZEELHOT L

omp_ex01_1.f90 program omp_ex01_1

program omp_ex01_1
F I$omp parallel

printx, “Hello, World!” ‘ print*, “Hello, World!
I$omp end parallel

end

end
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e Y ETY A —J)DO— R
e module load intel

<Y FRIHEFICIIAE A v —HNR-> T2 WD T, LUT CRESR

 module list
Currently Loaded Modulefiles:
1) intel/2022.3.1

%aagg%t DICEY 2 —LAHATmAAENTULNITOK FBIED HAIL, FEEICRAICHH L
2Ly,
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/N A )L

c A NNAILA T 3> TOpenMPZENICT 5

icx —qgopenmp —o0 omp_ex01_1 omp_ex01_1.c

gcc —fopenmp —o omp_ex01_ 1 omp_ex01 1.c

AYNANF T avZEELEWVEEIEI0penMPDIERITIZO A F & LTER

HEhsd, (BA4ArTFrary/ L JiccThREICTEEY)

#pragma omp parallel for

{
for (i=0; i<100; i++) {
ali] = bli] + c;

G

B RITIECDIHE I #pragmaomp ... & L
O LR TR T 5,

A7 a v HEFITREWES. FERITIE
EEHIND
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/N A )L

c A NNAILA T 3> TOpenMPZENICT 5
ifort —qopenmp —o omp_ex01_1 omp_ex01_1.f90

gfortran —fopenmp —o omp_ex01_1 omp_ex01_1.f90

AVNANF T arvZEBELEWVWGEIE0penMPDIERITIEIOXA S P ELTER

mehd,

I$omp parallel do
doi=1, 100

a(i) =b(i) + ¢
enddo

I$omp end parallel do

F

OpenMP CTH W\ % $5/R1TI. Fortran®
ZE 1ISOMP D" b ia £ 5, 1THEICIA'H
HITIdETE. IX e LTAUEIN
N
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export OMP_NUM _THREADS=4 (bash®ig4)
setenv OMP NUM THREADS 4 (tcshd B4
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+ 7R 7 LAEBTRET S & HAHEE

1$ use omp_lib F  #include <omp.h> C
call omp_set_num_threads(4) omp_set_num_threads(4);

=LA Ly REAZEZTCETITARELGE, ROV XAILABEL L -
TLEH7-0, SERIIREZHICL IIETZHERET 5,
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run.sh ZNRAVHEFESIBICIZA—H —~v =2 T7ILASE TR
#!/bin/bash

#PBS —q OO Fa1—ZEE (SEORIV—ILBAF1—FEFITH_L)
#PBS -l select=1:ncpus=4 ) ) —RHER (4a7)

#PBS -N omp_JOB o374

#PBS —j oe HAI74)L (BBEIS—HHhEEER

source /etc/profile.d/modules.sh moduleAY R D= DIRIEETE
module load intel Intel A /N TIRE D FEH A H
export KMP_AFFINITY=disabled AFFINITY# disabled|Z9 %

export OMP_NUM_THREADS=4 ALy 5D ERTE

cd ${PBS_O WORKDIR} EZETALORN) ~FEE]

dplace ./a.out Y
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OBEBDAL Y FTHRIEBLTEITT 2D EIEE
Qs — 3 v NTRHRT S

#pragma omp parallel {} D $ENE HEH KN

5] DER

[C] #pragma omp xxx
[F] '$omp xxx ™ '$omp end xxx

Oforfg X, dotg X
W—T%&nEI L&A Ly FTHEIT
OsectiontE X
B3 v ERAL Y KTELT
Ossingletg X
1 XLy FOMELT
Omastert& X
VAR— (F74<U—) ALy ROARELT
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#pragma omp parallel

{

#pragma omp for

for (i=0; i<100; i++) {
ali] =i

}

#pragma omp for
for (i=0; i<100; i++) {
bli] =i
}
}

G

forll— 7% XL v FTHEIL.,
A Y ALEER % 1T 5

[F] #pragma omp for
- for/L— 7 D EIIZFER]T #pragma omp for = AAL 5

#pragma omp parallel TX L v K Z4pk L 7=7211 T
F. 2 TORL Yy R —T%FELTLED

#pragma omp for & A5 Z & TIL— 7 BEIDE|
SN, BAL Y MIZAEHAZ) ZTorNnb
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1$omp parallel F do/l— 70%1 L 4 F 'C“ﬁ%“
|$ d .Y S
d;:n:1,o1 00 L. EIE?'J%E"&‘IT 7
a(i) = i
endcllo [F] '$omp do ~ '$omp end do
I$omp end do
1$omp do - do DEFTIZERTT '$omp do 7 AL 5
dobi('j 1’. 100 + enddo DERIZFERTT '$omp end do Z A4 %
i) =]
enddo
'$omp end do I$omp parallel TX L v FZ&EpL7=7Z1FTlE, &
I$omp end parallel TORLy AL —T#FAELTCLED

I$omp do Z AND Z & TIL—T7TBELIDE X .
HBAL vy RICAWEAZ Y B Turb
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#pragma omp parallel ALy FEHERLIZZZITTIE, 2R Ly RALSTD
{ MMEBZIT->TLEWERDEUI A S5 AL

for (i=0; i<100; i++) {

ali]l =i

}

}
ALwEO ALK ALwk2 ALwE3
for (i=0; i<100; i++) for (i=0; i<100; i++) for (i=0; i<100; i++) for (i=0; i<100; i++)
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#pragma omp parallel — 7TV VTR AND I EITLY,
{ L@#Aﬂéﬂ\EL<iﬂkESM%

#pragma omp for )

for (i=0: i<100: i++) { #pragma omp for. '$omp do [F/L— 7 % BENHYIC

ali] =i ALy FETHFICHET S

}

}
ALwEO ALK ALwk2 ALwR3
for (i=0; i<25; i++) for (i=25; i<50; i++) for (i=50; i<75; i++) for (i=75; i<100; i++)
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2Ly FERENL—THF % 11TTEE
[CE:E
#pragma omp parallel { }

#pragma omp for
—#pragma omp parallel for & Z (T 5

#pragma omp parallel @ #pragma omp parallel for @
{ for (i=0; i<100; i++) {
#pragma omp for

for (i=0; i<100; i++) { — alil =i

alil =i }

J
}
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OpenMP D ZE A 4545 (Fortran)

ALy FERE -5 % 17Tk

|[Fortran]

I$omp parallel
I$omp do

—I!$omp parallel do & E 1T 5

I$Somp parallel
I$omp do
doi=1,100

a(i) = i
enddo
I$omp end do
I$omp end parallel

F

=

I$omp parallel do
doi=1,100
a(i) = i
enddo
ISomp end parallel do
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JEE2-1: omp_ex02 1.c

Y7o T7ay 7 LIZIL—THARA Ly FTHEINTULER L,
e xiEA (L LCIEBE) L, W—7%1FE L <HINLE L,

FFIEompex021.c ZZDEFEFHh LTEERZHERIL LS

omp_ex02_1.c

#include <stdio.h>

#pragma omp parallel

{
for (i=0; i<10; i++) {
printf(" myid=%d, i=%d”, omp_get_thread_num{), i);
}
}

} C
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SEH2-1 . omp_ex02 1.f90

Y7o T7ay 7 LIZIL—THARA Ly FTHEINTULER L,
X EEA (L LIFEE) L, W=7 L LWL E &,

9% ompex02f90 #Z DE FEND LTEFZHEREL LS
omp_ex02_1.f90

program omp_ex02_1

I$omp parallel

do i=1, 10
print*, 'myid =', omp_get_thread num(), i =/, i
enddo

I$omp end parallel

end F
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JEE2-2 . omp_ex02 2.c
SEBE-1EREBICIERTEEAL, L—72WbE L, F7-.
HEHE (U A ALy REZEI124ZZTHZEDOOLB W &
ZHEERE L,

omp_ex02_2.c

#include <stdio.h>

#pragma omp parallel

{
for (i=0; i<100; i++) {
uli] = sin(2.0*pi*(double)(i+1)/100.0);
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SEEH2-2 : omp_ex02_2.f90

,iﬂz 1 ERICIEERTTZBAL, V=725 &, F7-.
BEiEE () AL ALy REAE1248 B2 TCHEO LR N &

%ﬁ%ﬁi

omp_ex02_2.f90

program omp_ex02_2

I$omp parallel
do i=1, 100

u(i) = sin(2.0%*pi*dble(i)/100.0)

enddo
I$omp end parallel

end F
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- OpenMPICEWTERIIEARRICIEHST (shared) TH Y.
EDXL Yy Fhodb T 7 ERABETH D, 774 N— bEHIC
EELIEHIIZRA Ly RTEICEARBL, o XL v KA
ST T REING N,

CAGFME LTIV =T BB OARTRICH 5 —FER R EF. 774
N— FEHITIEET 2BEDLDH D,

- BIARYIC

|Cl#pragma omp for

[F] '$omp parallel do
DEBEZEDIN—TEHIIT7AXR—=FEHKIH S
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77AR— FER%ZIBTE
[C] #pragma omp parallel for private(a, b, ...)
[C] #pragma omp for private(a, b, ...)

#pragma omp parallel @ W—TEHD/WICEILT
{
WAL L 7=V — 7 ZEIT BENRIC
private 28T 5, LA LZEIIL—
TDBE. REIOIL—7ICE LTI
HEZHOEETH D,

#pragma omp for private(j, k)
for (i=0; i<nx; i++) {
for (j=0; j<ny; j++) {
for (k=0; k<nz; k++) {
fLiJlilLk] = (double)(i * j * k). EOHDIZE, i | BEIRYICprivatell
} 1B DRERWNA, j, k I2DOWT IR
} privateE S D' E & 11 B,
}
}




T oA RXR— NEHIZDOWNT

LN
N
o
~
m\
“
LN
~N
00
=)
<

T77AR— M EH%ZIETE
[F] '$omp parallel do private(a, b, ...)
[F] '$omp do private(a, b, ...)

I$omp parallel F W—TFEHDFBNIBEILT
I$omp do private(j, k)
doi=1 nx A FME L7z v — 7 2L B ENRYIC
doj=1 ny prjvate”ﬁ%‘iﬂl H5, L 75\0L % eI —
dok =1 nz i@i%;a\ REIDIL—TICBE L TIE
fk, j, i) = dble(i * j * k) REEADEETHS:
enddo EDBIDFZE, i (XBEEHIICprivatell
enddo BB DRBER WA, j, k IZDWTIE
enddo privateES W' E & 1L 5,
I$omp end do
I$omp end parallel
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FIYHABEIX

#pragma omp for #pragma omp for private(tmp)
for (i=0; i<100; i++) { for (i=0; i<100; i++) {
tmp = myfunc(i); :|> tmp = myfunc(i);
ali] = tmp; ali] = tmp;
} }
tmpZz EEXLTL U, privateE S 2 AN 5

FLWERICA S WL

WHML LIZIL—T7 N TEZET - BT DG IEETFE
Sprivate(C T RNE TIXEWHIEE T H50EDH V)
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#pragma omp for
for (i=0; i<100; i++) {
tmp = myfunc(i);

ali] = tmp;
} | SR IE
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#pragma omp for private(tmp)
for (i=0; i<100; i++) {

tmp = myfunc(i);

ali] = tmp;
} | SR IE
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for (i=0; i<nx; i++) { #pragma omp parallel private(i, j, k)
for (=0; j<ny; j++) { {
#pragma omp parallel for private(k) for (i=0; i<nx; i++) {
for (k=0; k<nz; k++) { for (=0; j<ny; j++) {
fLil[1k] = (double)(i * j * k); #pragma omp for
] > for (k=0; k<nz; k++) {
} f[i11[k] = (double)i * j * k);
} }
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}
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[C] #pragma omp parallel shared(a, b, ...)
[C] #pragma omp for shared(a, b, ...)

[F] '$omp parallel shared(a, b, ...)
[F] '$omp do shared(a, b, ...)
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F] '$omp do ~ '$omp end do nowait
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C] #pragma omp barrier
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[C] #pragma omp sections {#pragma omp section, ...}

[F] '$omp sections, '$omp section, ... , '$omp end sections
I$Somp parallel F #pragma omp parallel
I$omp sections {
I$omp section #pragma omp sections
SLIEA {
I$omp section #pragma omp section
WFEB ALIEA
I$omp end sections #pragma omp section
I$omp end parallel WLIEB
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#pragma omp parallel sections
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JEE3-1 : omp_ex03.c

BHE2TIT > 7o/ — 7 EEOISME (X, SECTIONIEX = WL T El

THZELAEETH D, KDY > 7)ILa—F (ompex03.c) &
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412952 &,

omp_ex02_2.c omp_ex03.c

#include <stdio.h> @ #include <stdio.h>

for (i=0: i<100: i++) { “ for (i=0; iK25; i++) {
uli] = sin(2.0%pi*---); uli] = sin(2.0%pix--+);

} }

for (i=25; i<50; i++) {
uli] = sin(2.0%pi*k--+);

}
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JEE3-1 . omp_ex03.f90
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omp_ex02.f90 omp_ex03.f90
program ex02 F program ex03
do i=1, 100 do i=1,25
u(i) = sin(2.0%pi*...) “ u(i) = sin(2.0%pi*...)
enddo enddo
end do i=26,50
u(i) = sin(2.0%pi*...)
enddo
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?pragma omp parallel @ [C] #pragma omp single { }

#pragma omp for
for (i=0; i<100; i++) {
alil =i

} —BEIC. ALy Rowrbs EIFEHIE

#pragma omp single *@jj 5@& \b —g— Ci 5 bi\j— AN 7 I\\\ 75?9\
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#pragma omp for #pragma omp single {}

for (i=0; i<100; i++) | C§HELRLY FOATIIEIND

bli] =i
}

}
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:iomp :arallel F [F] !$omp single ~
1I$omp do :
doi=1,100 I$omp end single
a(i) =i
enddo
Somp end do —RBIC. ALy FOLh ETEEE
: MR TIED)DF —/N—~y KA
I$omp single
all outout(a) B RBIHENEENS,
‘Somp end singl BRIBOT — 2 DHNO & 5 KA
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I$omp end parallel




1 2L v KDOATHIE

LN
N
o
~
m\
3
LA
~
%)
=
<<

?pragma omp parallel @ [C] #pragma omp master{ }

#pragma omp for
for (i=0; i<100; i++) {
alil =i

} —BEIC. ALy Roirs EFEEIE
#oragma omp master MBS T IE D) HBAA —/N—~w KA

{ WL ImBT-HRWEINS,
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#pragma omp for #pragma omp master {} )

for (i=0; i<100; i++) { CTAHDERARRXA—AL Yy FOATHLIEX

b[il = i: 5,
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f§°mp gara”e' = [F]'$omp master ~
I$omp do
doi=1,100 I$omp end master
a(i) =i
enddo
$omp end do —EIC. ALy FoIb EIFEHE
MRS TIE D DF —/N—~y KA
I$omp master
call output(a) 7,—6: < 7,—6: % 71—: %EL\ t é 7,/14% o
‘$omp end master ERIVEDT— L DEND & 5 A8
'$omp do b\A% 77_7_ =N
doi=1 100 I$omp master
..... CTBDERRR—RAL Y FOATUIEX
enddo 15
I$omp end do ﬁ@?ﬂ# (CAL v I‘ FEﬁIE.l,HH tiﬁbﬂ’tt; Ly,

I$omp end parallel
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?pragma omp parallel @ [C] #pragma omp critical { }
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#pragma omp for
for (i=0; i<100; i++) {
alil =i

} HEHAEY TldsharedZH D E T IA

#pragma omp critical 07% R & 13> 24 £ 2 ER

{ LEWBIEN B Z Y £ 9 (FEIRRE),
a[0]=func(a,b,100); JOy INOMEBATY ALy KA1
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#pragma omp for #pragma omp critical {}

for (i=0; i<100; i++) { T D EBBALIE I NS

bli] =i
}

}
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’§°mp :ara”e' = [F]'$omp critical ~
1$omp do -
doi=1,100 I$omp end critical
a(i) =i
enddo
'$omp end do HH AE Y TldsharedZTH D =E = A
!$omp critical J7L t ;J:I:L%LL]\_J?LOD & /f / 7 cJ: % E X
a(1)=func(a,b,100) LAEWEMENA B Z W 3 (FEEIRRE),
I$omp end critical SOy 2 ROMIBAITS XL v KA ]
oo do SR B & 5 HES 5184
doi=1,100 I$omp critical
..... EI D EHHBAIEI NS
enddo
I$omp end do

I$omp end parallel
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integer :: I, sum int I, sum;
sum=0 F sum = 0: @
I$omp parallel do reduction(+:sum) #pragma omp parallel for reduction(+:sum)
do i=1, 10000 for (i=0; i<10000; i++) {

sum = sum + 1 sum = sum + 1;
enddo }
I$omp end parallel do
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e #pragma omp parallel for collapse(2)
for(i=0; i<n; i++)
for(j=0; j<n; j++)
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e #pragma omp for simd
for(i=0; i<n; i++)
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Em54-1 : omp_ex04.f90 / omp_ex04.c
1h»100xTHEELELES 7077 L& OpenMP TR F{bL B &,
reductionZH DIBE %= SN 5 EIEL L EHO AT WT-DFE,

omp_ex04.f90 omp_ex04.c

program ex04 F #include <stdio.h>

do i=1,100 for (i=1; i<=100; i++) {
a—a+ti a=—a+ti

enddo }

print*, a printf("%d¥n”, a);
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al0]=0
for (i=1; i<=100; i++) {
ali] = ali-1] + 1
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EG5-1:

HZERMBED 787 7 L (laplace.c / laplace.f90)
% Open\/IP’GX Ly RFML LTEHEE L (127210
I/Wﬂﬁﬂ e HIANL)

k+1 k+1
pi]_ (Tl-l_lj l+1] T+1+le]+1)
Tk+1 — Tk + (U(Pl] ',j)
IRREN .

Tio=Tn+1j=Tin+1 =0
Toj = sin(m *i/n)
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gnuplotZz{E->CHEEREZ270y b

username@rokko: /khpc2019/omp)> gnuplot
gnuplot> set pm3d

gnuplot> set ticslevel 0

gnuplot> set-ebrangel0:H HI7—NN—DEDEHHIEE
gnuplot> setpalette-defined(0-"blue’ 1 "redD) HT7—/N—DEEZTE
gnuplot> splot “data.d” with pm3d
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ALy F# . export OMP_NUM_THREADS=8

D2 PTEEEMR 5




~N 7/
\[m
g

LN
N
o
~
m\
“
LN
~N
00
=)
<

JE5b-2 .
BFRIEHE (GZhR) -
>3 7R T FDOEITT time 2{EH

time dplace ./a.out
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omp_get wtime 8% % 5
ATREFIRE(IC

dts = omp_get_wtime()
ATEMR TS

dte = omp_get_wtime()

L. dte-dts #H AT 5
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#pragma omp parallel for

ALYEO
for (i=0; i<50; i++) ALY
for (i=50; i<100; i++)
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#pragma omp parallel for schedule(static, 25)

ALYRO
for (i=0; i<25; i++) ‘
s ALY
ALUEO for (i=25; i<50; i++)
for (i=50; i<75; i++)
15 5 R zl/\yp'l
v for (i=75; i<100; i++)
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#pragma omp parallel for schedule(dynamic, 25)
ALYEKO

for (i=0; i<25; i++) 2L |~°1
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ALYEKO o

for (i=50: i<75: H++) for (i=25; i<50; i++)
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for (i=75; i<100; i++) | 55 RFfE
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for (i=0; iKn; i++) {
for (j=i; j<n; j++) {
y[i] += alil[j]*x[j];
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