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Fork-JoinEF )l |
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Fork

ALY RO ALY R1 ALY R2 ALY K3 wHY—-=3 >

Join

ALY RO
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ISomp parallel #pragma omp parallel @
W —=3> {
ISomp end parallel@ W —-=3>
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OpenMPDEAREIEX

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

\ *OpenMPEEDREMZER T STZHDHEF LR

1$ use omp_lib F #include <omp.h> @
iInteger :: 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();

\ \



OpenMPDEAREIZX

mAAL Y REEUS (Integer)

[C][F] nthreads = omp_get num_threads()

BXL v RBSHUS (Integer)
\ [C][F] myid = omp_get_thread_num()

I$ use omp_lib
iInteger :: myid, nthreads

nthreads = omp_get_num_threads()
myid = omp_get_thread_num()

#include <omp.h>
int myid, nthreads;

nthreads = omp_get_num_threads():
myid = omp_get_thread_num();

\ \




OpenMPDEAREIZR

IFElZiild (EfREL)
[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:

- LI .- dts = omp_get wtime();
dte = omp_get_wtime() -s« ALIE ..
print *, dte—dts dte = omp_get_wtime();

BB, OpenMPEZ1—)L (NvS) oO— RETNDE.
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#pragma omp parallel @ Z l/ “J Fd)ﬂib ~ff.§i'ﬁ§
{
#pragma omp for )
for (i=0; i<100; i++) {
ali] =i
}

[C] #pragma omp parallel { }

# - ¥R () AAMERER L w RTHL
(T oe e ey P

} — EMR LY RTHNE
(AEFN)—=32>)

#pragma omp for

for (...)
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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

Ay —>3 > %ZRE

e ALY DT ED
[F] '$omp parallel

ALY RS
[F] '$omp end parallel

— EMAL v RTHms
(AEFN—=32>)
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MR J 71 (OpenMP)
rokko:/tmp/summer2019/omp

DI7AI=ZR— LT« LT JICT

cd ~/khpc2019
cp -r /tmp/summer2019/omp ./

E—9%
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HE1-1:omp_ex01_1.c
ALw RZ 4D/ L. TNENDAL YW RT “Hello, World!” ZHHE K

Sr=i=y
HmeE1-2 :omp_ex01_2.c
ALbwv R4ADTEIT. ENENBXRAL Y RESZEELULHDEX
#include <stdio.h>
ordo_ex01_1.c include <stdio @
#inCIUde <Std|0h> @ |nt main(void){
#pragma omp parallel
int main(void){ # {
printf("Hello, World!™); printf("Hello, World!™);

} }

\ }
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Hmea1-1: omp_ex01_1.f90
ALw RZ 4D/ L. TNENDAL YW RT “Hello, World!” ZHHE K

Hmea1-2 :omp_ex01_2.f90
ALY RADTEIT. ENENBAL Y RESZEISUHDE X

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 REDIETE

- STIIDIRREICTE XD (HELR)
export OMP_NUM_THREADS=4  (bash®Diz&
setenv OMP_NUM_THREADS 4 (tcshdDizs

JOVSLABPTHRET S EEHHE

I$ use omp_lib #include <omp.h>
call omp_set_num_threads(4) omp_set_num_threads(4):
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A )\AILAT < 3> TOpenMPZBERNC I B

G icc —gopenmp omp_ex01 1.c

gcc —fopenmp omp _ex01 1.c

AT 3 S #BEURWMEE(E0penMPDIERITIEIA S hE UTREBENS.

#pragma omp parallel for @ FERITIICODIFE(L #pragma omp ...

| { EWVWDHE T 9 B,
for (i=0: i<100; i++) { AT 3> m TRV S. IBRTE
ali] = bli] + c; mEIND

A WA \



AN

INAILVAT S 3> TOpenMPEZERNCIT D
= ifort —qopenmp omp_ex01_1.f90

gfortran —fopenmp omp_ex01_1.f90

AT 3 S #BEURWMEE(E0penMPDIERITIEIA S hE UTREBENS.

I$omp parallel do OpenMPTHWS#ER1TIE. Fortran
o DB 1SOMP hBiEES, THEIC | A
o= HBDITIHER, IA> ME LTRSS
a(i) =b() + ¢ na.

enddo

I$omp end parallel do

W\
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TITEATFERFNSORRICL D TEDDZSH. EERIC

run.sh A A ZEDSRKICIE AT~ 7INZEeE(CTDE
#!/bin/bash

#PBS —N openmp EwEA

#PBS -q S Fa1—%4EE

#PBS -o stdout.log HAOT7714)L

#PBS —j oe BREIS—HNERSE

#PBS -l select=1:ncpus=4

source /etc/profile.d/modules.sh

module load intel

cd ${PBS_ O WORKDIR}

export KMP_AFFINITY=disabled
export OMP_NUM_THREADS=4
cd ${PBS O WORKDIR}

dplace —x2 ./a.out

W 2

) — XRG4 O7)
moduleaAY R DT=H DIREETE
IntelaA /N IIRIEDFHAHIAH

BETALOR)~TEE)
AFFINITYZ% disabledIZ9 %
ALy i 5B DERE
J—OF4LORIIZFEE
E1T



Working Sharing##X

O DALY RTHIEUTCEITI D8N =ZisE
O 5 —=3 > NTEdih 9 B
#pragma omp parallel { } DIFEIMEEEIA

BN DERAZINE

[C] #tpragma omp xxx
I$omp Joox ~ 1$omp end xxx

oforkdd, doidX

IW—TZREI L&A LY RTEIT
© sectionig>

B> 3> z& ALY RTEIT
@ singletB>

1 ALY RDOHET

© masteriBX
N AF—A LY RODOAHELT




forts>

|
#pragma omp parallel @ for) b—7°%':Z I/“J I‘tﬁ%“ LI .

| LHNBE TS

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

alil = | [F] #pragma omp for
}
#pragma omp for « for)L— T DRIICIERIT #pragma omp for Z AILD
for (i=0; i<100; i++) {
bli] =i ‘
} [ I #pragma omp parallel CAL v h%i‘tﬁk L/FZEU-_C
\ (. £ TCOALY RA®RIIL—TZAELTULES

#pragma omp for Z ANDZ ETIL—T BRI E
=N, BXAL Y RCUIEHEIDEH TSNS
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I$omp parallel

I$omp do

doi=1,100
a(i) =i

enddo

I$omp end do

I$omp do
doi=1,100

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

dotEX

doJ)b—J &AL Y RTHE
L. WHNEBZTS

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

- do DIERIICIERIT '$omp do ZAND
- enddo DIE1Z(CIERIT '$omp end do & AND

I$omp parallel TAL v RzZzEUIEEITTIE. £
THORLY RHER)L—T#ETELTUES

1$omp do T ANDZETIL—TBHRMDEI =N,
BAL Y RCUIBHEIDHTEND



OpenMP(c KDALY RilliFl

#pragma omp parallel ALY RZERKRUZIZITTIE. XY RAETD
[ P2 1T D CUFRWVWERDEUTIRS IR

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

ali] = i;

}

}
ALYEO ALY ALYE2 ALYE3
for (i=0; i<100; i++) for (i=0; i<100; i++) for (i=0; i<100; i++) for (i=0; i<100; i++)




OpenMP(c KDALY RilliFl

#pragma omp parallel
{
#pragma omp for
for (i=0; i<100; i++) {
ali] =1;
}
}

D—I2 1T 7O EANDZEICKD,
DIBNDE| =N, [EULK TSR ENS,

#pragma omp for. '$omp do (F)L—TZ#EHEIR(C
AL v RECTHZEF(ICHE|TD

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

ALYK1
for (i=25; i<50; i++)

ALvYER2
for (i=50; i<75; i++)

ALvYE3
for (i=75; i<100; i++)




OpenMPOEARGH

ALY REREIL—T iS5 % 1 17Tk
[CE5
#pragma omp parallel { }

#pragma omp for
—#pragma omp parallel for 2 (T3

f Pragma omp paralle @ #pragma omp parallel for @
o £ for (i=0; i<100; i++) {
pragma omp for o
for (i=0; i<100; i++) | — afi] =i

ali] =i; }

J

}
\ \




OpenMPOE ARG

ALY R&EREIIN—T M5 % 1 {7 TECik
[Fortran]

I$omp parallel

Ibomp do
—I1$omp parallel do EEITD

I$omp parallel
I$omp do F I$omp parallel do
doi=1,100 doi=1,100
a() = | > L=
enddo enddo
I$omp end do I$omp end parallel do

I$omp end parallel
| B
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ime2-1 : omp_ex02.1.c

H>T)LOTO0 S AFIIL—THRAL Y RTHEISNTLVRL,
e aEiEA (BULIFEIE) U, IL—T&IELLIEAEE K.

F9 (3 omp_ex02 1.c ZE€DFEFIH UTEEIHZERLED

oryé 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);
J

. C




2

JEEE2-1 : omp_ex02.1.f90

H>TILOTO0 S AFIL—THHRRAL Y RTHOENI SN TLVRL,
ERXZHA (BULKIHMEIE) L. JL—TZIFULISNMEE K.

£ 9 ($ omp_ex02.f90 ZE€DFEFEHO UTEEHZIERLED

ory{ ex02_1.f90

program omp_ex02_1

I$omp parallel
do i=1, 10
print*, ‘'myid =', omp_get_thread_num(), 'i =, |
enddo
I$omp end parallel

end F



R 2

JHE2-2 : omp_ex02 2.c

EE2-1 CERRICERTERA L, IL—TZ5HEE L. FT.
sTEmER (u) DB ALY REZE124EEXTEEDSRVNC E
R Ko

ory{ 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);




R 2

JHE2-2 : omp_ex02 2.f90

EE2-1 CERRICERTERA L, IL—TZ5HEE L. FT.
sTEmER (u) DB ALY REZE124EEXTEEDSRVNC E
R Ko

ory{ 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




TS5ANR— BNEEICDOWNT

» OpenMPICEWNWTEEIIEARN(C(FHEB (shared) THD.
EDALY RWSEFVITATEETHD. T TAR—EHIC
EBEULERIZALY RS ECEZREL. MDA w R
YT A &Y VAR

HEUT2IL—TEEORNECH D —RERE(F. TS5
NEFICIETE T DUENDD.

- S (C

[C]#pragma omp for

[F] '$omp parallel do
DBERBDI—TEEEIT SANR— hEEITIRD



TS5ANR— BNEEICDOWNT

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

/
#pragma omp parallel IV—JZEHDIMWNICELT
{ N _
#pragma omp for private(, k) S‘I]'Z?'HL’, bt“_’) I/_— TJZHIIBER(C
for (i=0: i<nx: i++) { pnvc’reg’ﬁi(;fdfﬁo L/b\L/%E) L—
for (1=0: j<ny: [++) | JToigaE. RAID)L—-T(CELTE
’ ’ HBEZHDEIERELETHD.

for (k=0; k<nz; k++) {

FLiJLILK] = (double)i * j * k) EOHDIGE. i (BB (Cprivate
} [CI2BI=DRBERVR, |, k [CDNT
} } (FprivateEENNE ETRD,
}




TS5ANR— BNEEICDOWNT

(o - B =
D S5AN— PMNEHZIEE
[F] '$omp parallel private(a, b, ...)
[F] '$omp do private(a, b, ...)
)
1$omp parallel F IV—ZHDIMWNICELT
I$omp do private(j, k) )
doi=1 nx 5L UTz)L— T ZEIEB R (C
doj=1 ny privateZECirDdD. UNUZEIL—
do k=1 Ny Joiga. RAIDIL—T(CELTE
f(k,_j, I) — dble(l *J % k) /\ﬁﬂyy@gsgsTﬁéo
enddo EOHIDIZE. | (FBEH(Cprivate
enddo [CIRBTZDRBIRN, |, k [CDNT
enddo (FprivateEENME LR B,

I$omp end do
I$omp end parallel




TS5ANR— BNEEICDOWNT

SRR OYAXSYANES

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

ali] = tmp;

}

tmpZz LE= LU TCULEKL.
UULMEER (TR B 7R

=L

5L LIe)L—2

AT

B2 59E -

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

tmp = myfunc(i);

ali] = tmp;
}

privateEEZANSD

Ed dBaldEER

Sprivate([CITRETFRVHER T DdNEDH D




RBEH

TS5ANR— BNEEICDOWNT

HEEZW tmp [C0 ZRA —

p (% 25 ZHA

a[0] (A% 25 BMXAENS

privateEE7RX L

}

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

\\

ALYERO ALwk1
~tmp=0
tmp = 25
a[0] = tmp
a[25] = tmp

| smamiE



I SANR—REEICDONT

ALY RODTSAN—PNEH ——
tmp (C 0 ZHA

ALY R1DTSANR—NEH
tmp (C25 ZHKA

a0} (E[& 0 BMEAETND

privateES&H D

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

ali] = tmp;

ALvYEkO ALwk1
-tmp =0
tmp = 25
a[0] = tmp
a[25] = tmp

|

\\

| s



ZEI—JICEALT

B <l NER
for (i=0; i<nx; i++) { #pragma omp parallel
for (=0; j<ny; j++) { {
#pragma omp parallel for private(i, j, k) for (i=0; i<nx; i++) {
for (k=0; k<nz; k++) { for (=0; j<ny; j++) {
fLil[j1[k] = (double)(i * j * k); #pragma omp for private(i, j, k)
] > for (k=0; k<nz; k++) {
} fi11[k] = (double)(i * j * k);
} }
}

}
}

OpenMPZAWZIEF{ETIE, REANL—Z . FMAL— jd)éfBB’Z

5E L CBRL. U, RMAL—TZi5{E 9 31545, EO

fork-joinLTTCUED EXRX LW RERKBIZINED T LS ECIRD,
(EEEDFITIE 1 DD 3 R7TIL—T T nx * ny [@])

BB, WHIUEITBIL—TZZEZIZD., IL—TOt8leF%=ZEE I3
OJREEN S DIz, privateBEES(CIFIL—TEHREEV\ A HVEE,




HBEIICDONT

HEB (shared) ZEHZTIRTE

[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, ...)

HEELEINEERNICHBERTHD-0.
A AT EE




ALY FOFRR

nowait %:EHT\L/TCLL\BED J—o>xT 77>
FEXDO#Z DD (CBERM (C[RIERULIE OV R4

ALY ROBERIFSZ UL

Cl/#pragma omp for nowait

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

ALY ROFRIZ ES
[C] #pragma omp barrier
F] '$Somp barrier



SectionisX

ALY RZE(CUBZDIREE D

[C] #pragma omp sections {#pragma omp section, ...}
[F] '$omp sections, '$omp section, ..., '$omp end sections
/
I$omp parallel #pragma omp parallel
I$omp sections F { @
I$omp section #pragma omp sections
gnig {
_ #pragma omp section
I$omp section oz
e +
, #pragma omp section
I$omp end sections
QLI

I$omp end parallel

\ ]




ALEE D7

Sectiont&X
ALwv RS E(CUNIBZ DI EHE D
|

#pragma omp parallel sections
|

/|
ALvEFO ALYET ALvEk2 ALYE3
#pragma omp section #pragma omp section #pragma omp section #pragma omp section
SEEO AN EEA SnEE2 ALFR3
\ A
jr — S5 WF L.
S5
C D) !

- BALY RCEIDHTONTZAEOERNERLRD & BERAMGFENRELETD
- O— RIS RISER




i 3-1 : omp_ex03.c

EE2 CITo IE)L—TBEEDILISIME(E. SECTIONEX =R\ TCoE
DB EBRRETH D, KDY >TILI1— R (omp_ex03.c) #=
STk, BICAIBZITOD TWBC EZERE XK. BEAL v REL

(F4(CTDE,
omp_exé_;.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%pi*---); uli] = sin(2.0%pi*---);
} }

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



a3

i E3-1 : omp_ex03.f90

B2 T2 T2)L—TEEDISIME (. SECTIONENX ZHWToE|
FBCEBAEETHD. KDY >T)LI— R (omp_ex03.f90)
Tkt BUAIBEARITO TWD S EAZERE L. ALY R

WI4(CTBDZE,
omp_ex02.f90 omp_ex03.f90
program ex02 F program ex03
do i=1, 100 do i=1,25
u(i) = sin(2.0%pix*...) “ u(i) = sin(2.0%pix*...)
enddo enddo
end do i=26,50

u(i) = sin(2.0%pix*...)
\\ enddo



|

#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

1 ALY FDFHTUHE

G

[C] #pragma omp single { }

—fgY(C. AL w RODILE EIFOIER(E
S T (EDNA—)\—A\wv RHvD
IR IRDIZHEWVNEE=ND,

ZERAIEXS 5= — S DH D K S 7R
WADIEE

#pragma omp single { }

EIDELIRLY FOHTUE=ND




1 ALY ROy T
|

!iomp Zarallel F [F] '$omp single e
ISomp do .
doi=1,100 I$omp end single
a(i) =i
enddo
$omp end do —RERIC. ZALw Rz s S EEI
$omb sinel MBS T (EDNA—) =\ FHvD
vomib S R RBIEDHRNEENDS,

call output(a)
I$omp end single

ZERAIEXS 5= — S DH D K S 7R

1$omp do ALY =

doi=1, 100 I$omp single

..... EdDE1RALY RO&HFTUIRETND
enddo

I$omp end do

I$omp end parallel



US> T EIETE

reduction(EEF:Z#)
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//%m@@\%ma%xwégabm%

integer :: i, sum F int i, sum; @

sum =10 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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HmE4-1: omp_ex04.f90 / mp_ex04.c
15100 CcERBLENEZT OS5 A% 0penMP Tl EE K.
reductionZEDISEE SN B ETE L < BV eshit .

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+i;
enddo }

printk, a printf("%d¥n", a);
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gnuplotZ{ED> THEERZI OV b+

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

I |; I 3| 2\[7' —E\ 9 ;l!l;o
gntplot> set ticslevel 0
anuplot> set cbrange[0:3] HS5—)\—DEDEEHEIEE

cnuplot> set palette defined (0 “blue”, 3 “red”) HT5—)\—DEEE

gnuplot> splot “result.dat” with pm3d

""""""""""""
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ALy RIEFHEUEBMEEBRIED T O S L', Wi5E%z
1,2,4,8, 20£EZXCEITL. sTERKBZETAIEX

CPURELR : #PBS -l select=1:ncpus=8
Lw R&: export OMP_NUM_THREADS=S8
D 2N FhzESHRD
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BFEIsHAl (RA3hR)

3 I RXROVUT RDOEITT time Z{FH

time dplace —-x2 ./a.out

Hﬂ%ﬁﬂ“ (Eﬂﬁ) -
omp_get_wtime B &

=T ERIGH(C
dts = omp_get_wtime()

ETEAR THF(C
dte = omp_get_wtime()

L. dte-dts 93D
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