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OpenMP(c kDAL Y RilliFl

Fork-JoinE®F )L

ALY K3 wHY—-=3>

#pragma omp parallel @

ALY ERO
|
Fork
ALY RO ALY R1 ALY 2
Join
|
ALY ERO
[SHEEE ) @ . 3ELE
ISomp parallel
.. WHU—3> {
ISomp end pqrqllel@ . WHIU—T3>
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OpenMPDEAREIEL

OpenMPE> 1—-J)L/ AV AZEO—R
C] #include <omp.h>
F] use omp_lib

*OpenMPELEDEIZ{ERA T DI2HDHEE UL

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();

\ \



OpenMPDEAREIEL

mAALY REEHUS (Integer)
[C][F] nthreads = omp_get_num_threads()

B v RESHUS (Integer)
[C][F] myid = omp_get_thread_num()

I$ 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();

\ \



OpenMPDEAREIEL

ezl d ([EfEEL)
[F][C] time = omp_get_wtime()

1$ use omp_lib F #finclude <omp.h>
real(8) :: dts, dte double dts;
dts = omp_get_wtime() double dte;

- I --- dts = omp_get_wtime();
dte = omp_get_wtime() e ALIE ..
print *, dte—dts dte = omp_get_wtime();

BB, OpenMPEZ1—J)L (NVS) OO— REEND &,
CNSDOEEZERTEIT A I/\AILITS—(CRD




WHY—>3 2 2iEE

|

#pragma omp parallel @ Z l/\y F@EE}] N%g,%ﬁ
{

#oragma omp for )
for (20 1K100: 1) | [C] #pragma omp parallel { }
ali] =i
}
| sl { } AMEZIA L w RTAL
?Dl’agma omp single fggg“% )
| — EBRLyY RTHE

(AFN DU —=>3>)

#pragma omp for

for (...)
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WHY—>3 2 2iEE

I$omp 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$omp end do
I$omp end parallel

e ALY RDikcE)
[F] '$omp parallel

ALY FO#ETE
[F] '$omp end parallel

— EERL Y RToE
(AEFN—=>3>)
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AR

HmEHAI71)L (OpenMP)
rokko:/tmp/summer2020/omp

DT 7AINER—LFT 1 LD KU

kdir ~/khpc2020
cd ~/khpc2020
cp -r /tmp/summer2020/omp ./

E—93%




e 1

HE1-1:omp_ex01_1.c
ALw RZ4DERKL. ENENDAL YW RT “Hello, World” ZH 1K

HmE1-2 :omp_ex01_2.c
ALY RADTET. ENENBAL Y RESZEFHUENIE X

#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!”):
} }

\ }



e 1

Hea1-1:omp_ex01 1.f90
ALw RZ4DERKL. ENENDAL YW RT “Hello, World” ZH 1K

HmE1-2 :omp_ex01_2.fo90
ALw RADTEIT. ZPNENBARL Y RE=SZEIELEAE K

omp_ex01_1.f90 program omp_ex01_1 F

program omp_ex01 _1
F I$omp parallel

print*, “Hello, World!” - print*, “Hello, World!”
ISomp end parallel

end

\ end




ALY R#EDiaE

- STIVDIRIBEZHTE R D (HE2R)
export OMP_NUM_THREADS=4  (bashdiga)
setenv OMP_NUM THREADS 4 (tcshDiga

JO9SLABPTHRET S EEHHE

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

EICURLY REZEZEZ CEITIDERE, 8OO /)\AILBEEERD
CLUEDESH. SOHHREZRICIDIEEZHEZT D,




AN

INAILAT S 3> TOpenMPZBERIICT D
(cc —gopenmp omp_ex01 1.c

gcc —fopenmp omp _ex01 1.c

ATE 3 > =IBE URWMEE(E0penMPDIERITIEIA > b E L TEHENS.

#pragma ombp parallel for 5AT(ECDHES (S #pragma omp ...
{p sma omp C  codprTadds.
for (i=0; i<100; i++) { AT 3D EMIRVES, BRTE

ali]l = bli] + c; HEAIND

¥\



AN

INAILAT S 3> TOpenMPZBERIICT D
[Rfort —qopenmp omp_ex01_1.f90

gfortran —fopenmp omp_ex01_1.f90

ATE 3 > =IBE URRWMEE(E0penMPDIERITIEIA > b E L TEHENS.

I$omp parallel do OpenMP TRWSIER1TIE. Fortran
R F DIEE ISOMP hBIAES. TEEIC | A
o= HBITIIEE. IA> hELTNIBE

a(i) = b(i) + ¢ na.
enddo
I$omp end parallel do

¥\



ERAFEE

ST RAOUT B

S3TATEEFY S DRIBICL D TENDDIES. ERIC
omp_run.sh  X/NO>HEFESFICIEFI—H—TZa1T7ILE2SE(CITDE

#!/bin/bash

#PBS -q S Fa1—%4ETE

#PBS -l select=1:ncpus=4 ) —RFER@ Ta7)

#PBS -N omp_JOB U374

#PBS -0 omp_out HAOhT774IL

#PBS —j oe BREIS—HNEES

source /etc/profile.d/modules.sh moduleAT R D= DIREFERTE
module load intel Intel A INASIRIBE D FHHIAH
export KMP_AFFINITY=disabled AFFINITYZdisabled[Z9 %
export OMP_NUM_THREADS=4 ALkl 53D % E

cd ${PBS_O_WORKDIR} EETALIN)~TEE)

dplace —x2 ./a.out =17

W 2N



Working Sharing#&X

O BEDAL Y R THIBUTEITI DI =ZIETE
O WA —=>3 > N TEIR 9 D
#pragma omp parallel { } DIRIMEBFHA

RN OERRZIE

[C] #tpragma omp xxx
[F] 1$omp xxx~ '$omp end xxx

oforkdd, doidX
IW—TZRELERAL Y RTEIT
o sectiontB
B3> 7" ALY RTET
@ singletld>
1 ALY RDHELT
© masteriB3
N AS—A LY ROHFELT
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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
}
}

fortgX

fordhl—T &AL Y FTHEIL.
WS N ZITS

[F] #pragma omp for
« for)L— T DRIICIERIT #pragma omp for & AN D

#pragma omp parallel CA LW RZERUIZIZIFT
(F. £ TORLY RILIL—TZEELTUED

#pragma omp for T ANDC & TIL—TBHENDE|
=, BAL Y RICUWIBHEIDHTEND



|

I$omp parallel

I$omp do

doi=1,100
a(i) =i

enddo

ISomp end do

I$omp do
doi=1,100

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

doiEX

doJ)b—J & ALY RTHE
L. 5N ZTS

[F] '$omp do ~ '$omp end do

- do DIERIICIERIT '$omp do ZAND
- enddo DIE1Z(CIE7R1T '$omp end do ZAND

I$omp parallel CTRAL W RZERKUIZIEITTIE. £
TOALY REE)L—T%ZEtBLTUED

I$omp do ZAND Z ETIL—TBEENDEI N,
BAL Y RICUWIBHZEIDHZTEND



OpenMP(c kDAL Y RilliFl

#pragma omp parallel ALw RZERUEEZITTIE. &Ly REETD
; IR (T T L EV SRS S0
for (i=0; i<100; i++) {
ali] =i
}
}
ALYEO ALYk ALwI2 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++)




{

}

#pragma omp parallel

#pragma omp for

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

}

OpenMP(c kDAL Y RilliFl

J—DO2 1TV EANDCEICEKD,
QIBNDEI SN, IEULEFIBEENS,

#pragma omp for. '$omp do (FJ)L—TZ=BEHEM(C
AL W RETHEHZFICHEITD

ALvYEO
for (i=0; i<25; i++)

ALY
for (i=25; i<50; i++)

ALwk2
for (i=50; i<75; i++)

ALwE3S
for (i=75; i<100; i++)




OpenMPDEXRGS

ALY REREII—TMi5% 117 Tsouk
[CE5E
#pragma omp parallel { }

#pragma omp for
—#pragma omp parallel for EZ=1TD

#pragma omp parallel @

#pragma omp parallel for
{ G

2 £ for (i=0; i<100; i++) {
pragma omp for S
for (i=0; i<100; i++) { <:> ali] =i;

ali]l =i )




OpenMPDEAXRGT

ALY RERKE IV —TMi5%Z 1 7Tk
[Fortran]

I$omp parallel

ISomp do
—I!$omp parallel do E&= (T

I$omp parallel F

I$omp do I$omp parallel do
doi=1, 100 doi=1, 100
a(i) = | —> a@=i
enddo enddo
I$omp end do I$omp end parallel do

I$omp end parallel
Y\ \




e 2

mE2-1: omp_ex02 1.c

H>TILOTOT S AIIL—THRI LY RTHEI SN TLRLY,
BN ZEA (BULIHMEIE) U, IL—TZIEULLAEE K.

F9 (& omp_ex02 1.c ZE€EDFFHHO U TERHEHBLUELD

ouy{ 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




e 2

e 2-1 : omp_ex02_1.f90

H>TILOTOT S AIIL—THRI LY RTHEI SN TLRLY,
BN ZEA (BULIHMEIE) U, IL—TZIEULLAEE K.

F9 (& omp_ex02.f90 ZE€DFFEHH U TERHEHBLELD

ory{ 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




e 2

JRE2-2 : omp_ex02 2.c

HEE2-1 CRRRICERTZIBA L, IL—TZNTHEE K. Fz.
&R (u) B AL REZE124LEXTEEDSRRWNC &
TR E Ko

ouy{ 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);




e 2

JHE2-2 : omp_ex02 2.f90

HEE2-1 CRRRICERTZIBA L, IL—TZNTHEE K. Fz.
&R (u) B AL REZE124LEXTEEDSRRWNC &
TR E Ko

ouy{ 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




T SANR—PERICDONT

+ OpenMPICEWTERIIEARN(C(IHE (shared) THD.
EDALY RS ET7ITARETHD. T TAR—EEIC
BEURERIZALY RS EMEZFRE L. DXL v R
B57 0T AETNIR0N,

- EHE UTZIL—TEEDOAREBICH D —RHEEIREF. TS5
V— NEETIETE I DEN DD,

- 5+ EY (C

[C]#pragma omp for

[F] '$omp parallel do
DEEZED)L—TEZRITSANR— REHTIRD




T SANR—PERICDONT

JSANR— NEBZIBE

[C] #pragma omp parallel for private(a, b, ...)
[C] #pragma omp for private(a, b, ...)

#pragma omp parallel
{ G
#pragma omp for private(j, k)
for (i=0; i<nx; i++) {
for (j=0; j<ny; j++) {
for (k=0; k<nz; k++) {
flil1[K] = (double)i * j * k);
}
}
}
}

IW—ZHDI/WNICEULT

WHE UTe)L— T ZES B BRI
privateZ# (12D, U UZEIL—
Joigs. RAID)L—T(CEEULTIE
HBEZHDEFXFTHD.

EOHDIZE. | (FBE(Cprivate
([CIRDIZHREIRNDY, |, k [CDNT
(FprivateEENMNE EIRD,



T SANR—PERICDONT

TISAN— NEH®IEE
[F] '$omp parallel private(a, b, ...)
[F] '$omp do private(a, b, ...)

I$omp parallel
I$omp do private(j, k)
doi=1, nx
doj=1, ny
dok=1, nz
f(k, j, 1) = dble(i * j * k)
enddo
enddo
enddo
I$omp end do
I$omp end parallel

F

IW—ZHDI/WNICEULT

WHE UTe)L— T ZES B BRI
privateZ# (12D, U UZEIL—
Joigs. RAID)L—T(CEEULTIE
HBEZHDEFXFTHD.

EOHDIZE. | (FBE(Cprivate
([CIRDIZHREIRNDY, |, k [CDNT
(FprivateEENMNE EIRD,



[ STE VAT S AN

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

ali] = tmp;

|

MiHHE UL ="

tmpz EE= LU TCUFEL,
UUMERICIRS TR0

AT

B RE -

T SANR—PERICDONT

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

tmp = myfunc(i);

ali] = tmp:;
}

privateEEZ® AN

Ed dBadEER

Sprivate([CITRETIFRWVHMER T DNESL D




T SANR—PERICDONT

ALYEKO ALK

HEZHtmp ([COZRKA ——Ftmp=0
HEZH tmp (T 25 ZHKA tmp = 25

a[0] (A 25 A AETND a[0] = tmp

a[25] = tmp
privateEE7X L

#pragma omp for
for (i=0; i<100: i++) {
tmp = myfunc(i);

ali] = tmp;
} | QNIBIE

\\




ALY RODT FANR—EE
tmp (C 0 ZHRAA

ALY RADTSANR—MEE
tmp (C25 ZHA

a[of [Cl& 0 BMEAENS

privateEEdH D

#pragma omp for private(tmp)
for (i=0; i<100: i++) {

tmp = myfunc(i);

ali] = tmp;
}

\\

T SANR—PERICDONT

ALvykO ALYKT
—+tmp=0
tmp = 25
a[0] = tmp
a[25] = tmp

| g




ZEI—IJCEALT

RS20

ENER

for (i=0; i<nx; i++) {
for (=0; j<ny; j++) {
#pragma omp parallel for private(, j, k)
for (k=0; k<nz; k++) {
f[i11[k] = (double)(i * j * k);

#pragma omp parallel
{
for (i=0; i<nx; i++) {
for (j=0; j<ny: j++) {
#pragma omp for private(i, j, k)
for (k=0; k<nz; k++) {
fli1G1k] = (double)(i * j * k);
}
}
}
l

OpenMPZRWZIEFETE., RANL—T ., MIDL—T DEE5%

LU CERUV,. 22U, RENL—TZ5){E 9 3i55. &

fork-ioinUTCULERD ERX LY REKEIZMNED T N E(CHRD,
(EEDHITIE L DD IRTIL—T T nx * ny [B])

1RE. MWHINUETBDIL—TZERZD. IL—TOHAEIEFZEEIT D
oJEEdN DT, privateBEECIFIL—TEHEE VT EREE,




HB/ZEMCDOWNT

HEB (shared) B ZTIRTE

[C] #pragma omp parallel shared(a, b, ...)
[C] #pragma omp for shared(a, b, ...)

[F] '$omp parallel shared(a, b, ...)
] '$omp do shared(a, b, ...)

HEELETNIEERNICEFLEHRTHLH=5H.
A bS AT EE




ALY FOFRR

nowait %Hﬁﬂ‘\bfdb\ﬁﬁb J—0> 1T 77U
FEXXO#Z DD (CBE1RY (C[RIEFLIE N R4

ALY FORRTFSZ UL

Cl/#pragma omp for nowait

F] '$omp do ~ '$omp end do nowait

ALY ROEHIZED
[C] #pragma omp barrier

F] '$Somp barrier



Sectiont@X

ALY R ECUEBZDRETE D

[C] #pragma omp sections {#pragma omp section, ...}
[F] '$omp sections, '$omp section, ..., '$omp end sections
I$omp parallel #pragma omp parallel
ISomp sections F { @
I$omp section #pragma omp sections
JUIBL: {
_ #pragma omp section
ISomp section N
I QLIE
. #pragma omp section
ISomp end sections
I$omp end parallel g
}
}




B DI

SectioniBX
ALy RS E(NIBZDITESHED
\

#pragma omp parallel sections
|

/|
ALvEFO ALvF1 ALyk2 ALwE3
#pragma omp section #pragma omp section #pragma omp section #pragma omp section
ALEEO A EE1 SREE2 JREE3
\ L=
WF — S W( o
BRI -
C D) !

- BFALY RCEIDHTONZABOERNELRD & BERARGFENREETD
- O— RIS RISER




imE3-1 : omp_ex03.c

B2 CTITo )L —TEEDHISIE(E. SECTIONEX =AW TCTHE|
FTRCEEBREETH D, RdDHY>TI)IL 11— R (omp_ex03.c) =
sk tE. EIUAIRZITO T\ EZMERTE L. IRBERAL W RE

(F4(cTDE,
ompexfg;.c omp_ex03.c
#include <stdio.h> @ #include <stdio.h>

for (i=0; i<100; i++) { am) for (=0:i<25 i

uli] = sin(2.0%pix---); uli] = sin(2.0%pi*--);
} }

for (i=25; iK50; i++) {
uli] = sin(2.0%pi*x--+):

}




a3

JHE3-1 : omp_ex03.f90

B2 CTITo )L —TEEDHISIE(E. SECTIONEX =AW TCTHE|
IR EBUEETHD. KDY >T)LI— R (omp_ex03.f90)
ZEpict. BUMEZITO TLWD S ExERE XK. BREAL YR

I4(CTBDE,
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




|

1 ALY FDFHTUHE

#pragma omp parallel

{

#pragma omp for

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

}

#pragma omp single

{

output(a);

}

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

G

[C] #pragma omp single { }

—RZEY(C. RLw ROIZE EIFEIE(E
RS I (EDHNA—/)—A\wv RHVD
IR RBIEHERLNESETND,

ZKIRAIBYOF— S D D KD IRNLIE
MABIGZE
#pragma omp single { }

EITDELIRALY FPOHTUEEND




|

1 ALY FDFHTUHE

I$omp parallel

I$omp do

doi=1,100
a(i) = i

enddo

I$omp end do

ISomp single
call output(a)
I$omp end single

I$omp do
doi=1,100
enddo

I$omp end do
I$omp end parallel

F

[F] '$omp single ~
I$omp end single

—RZEY(C. RLw ROIZE EIFEIE(E
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I$omp single
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integer :: I, sum
sum =0
I$omp parallel do reduction(+:sum)
do i=1, 10000
sum = sum + 1
enddo
I$omp end parallel do

F

int 1, sum; @

sum = 0;
#pragma omp parallel for reduction(+:sum)
for (i=0; i<10000; i++) {

sum = sum + 1;

|

\\
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HE4-1 : omp_ex04.f90 / mp_ex04.c
1M5100FTERERLENTESTOT S A% 0penMPTiF{EE K.
reductionZ2ZIDIEEZ TN D EIE LU SEHRVTZSHER.

omp/ ex04.f90 omp_ex04.c
program ex04 F #include <stdio.h> @
do i=1,100 for (i=1; i<=100; i++) {
a=a+i a—a+ti
enddo }
print*, a printf("%d¥n”, a);
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WIHETERNT OIS A

al0] =0
for (i=1; i<100; i++) {
ali] = ali-1] + 1

}
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ELERIEDO T 5/ (heat2d.c / heat2d.f90) %
OpenMP C XA L v RilliF{E LU CETEE K

ELET
5 0°T 0°T
VT :ﬁJ“a_yZ: const

1 BLES (QREE)

1
Ti,j — 10Ah2 + Z (Ti—l,j + Ti+1,j + Ti,j—l + Ti,j+1)
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ELERIEDO T 5/ (heat2d.c / heat2d.f90) %
OpenMP C XL v RilliFl{L U CETEE K

A/ tfaﬂiﬁﬁﬁ

T/ = (10Ah2 + T+ Ty + TS + T 40)

N =+ E D
RlODAE
iﬁﬁ,’i‘gﬁ: AMBIIODAE(LO
To,j — TN+1,j — 1j0 — Ti,N+1 =0 .
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ELERIEDO T 5/ (heat2d.c / heat2d.f90) %
OpenMP C XA L v RilliF{E LU CETEE K

(heat2d.c / heat2d.f90)
i, EENZTNDT Uy REL
ITMAX : s KIE[OIEX

eps | RIEEXDT NLOZED ) )LLADOEHE (ECET
BEZINERETEDHY)
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gnuplotZ{ED> CTREZI OV b+

username@rokko: /khpc2019/omp> gnuplot

gnuplot> set pm3d
I |; l 3| 2\[-,. —E\ 9 ¥l519°
plot> set ticslevel 0
anuplot> set cbrange[0:0.2] HS—)\—DIEDSEEHIETE
enuplot> set palette defined (0 “blue”, 0.2 “red”) HS5—)\—DEEE

gnuplot> splot “result.dat” with pm3d
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A Lw Rili5IL UTEBVRERIGED T 00 S o7z, Wi5E%
1,2,4, 8 20EZEXCEITL. stEREZEHHIE X

CPUELR : #PBS -l select=1:ncpus=8
Lw k&L : export OMP_NUM_THREADS=S8
D 2N FhzESHRD
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BFfEtHAl (RG3hR)

>3 RXOUT bDEITT time ZfER

time dplace —x2 ./a.out

Bielc il (BA&€R)
omp_get_wtime BE#x &

5T 2RI (C
dts = omp_get_wtime()

TR THF(C
dte = omp_get_wtime()

L. dte-dts 19D
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