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Fork-Join®FJL
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Fork
ALY RO ALY R1 ALY R2
Join
|
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FEALS]

ISomp parallel

LA —=3>

ISomp end parallel

el

Join
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#pragma omp parallel @
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OpenMPDEAREIEL

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

*OpenMPELEDEIZ{ERAT DIZHDHEE 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();
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OpenMPDEAREIEL

mAALY REES (Integer)

[C][F] nthreads = omp_get_num_threads()

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

I$ use omp_lib
integer :: 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_numO);
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iElZziilld (SERELL)
[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;
- IE .- dts = omp_get_wtime();
dte = omp_get_wtime() e ALIE ..
print *, dte—dts dte = omp_get_wtime();
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Ialflﬁpragma omp parallel @ ALY F@EE}] ~fﬁ§fﬁ!i

#oragma omp for )
for (20 1K100: 1) | [C] #pragma omp parallel { }
ali] =i
}
| sl { } AMEZIA L w R TAL
?{#pragma omp single fgggﬂ% )
| — EBRLY RTHE

(AFNI—=>3>)

#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
ISomp end parallel

WHY—=3 > 2iEE

e ALY DT ED
[F] '$omp parallel

ALY FO#ETE
[F] '$omp end parallel
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HmEHI71)L (OpenMP)
rokko:/tmp/summer2018/omp

DT 7AINER—LFT 1 LD KU

cd ~/khpc2018
cp -r /tmp/summer2018/omp ./

E—93%
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HEa1-1:omp_ex01_1.c
ALw RZ4DERL. ENENDAL YW RT “Hello, World” ZH 1K

orei=y
M 1-2 :omp_ex01_2.c
ALY RADTET. ENENBARAL Y RESZEEULENIE X
#include <stdio.h> @
omp_ex01_1.c #include <omp.h>
#include <stdio.h> @
int main(void){
int main(void){ - #pragma omp parallel
printf("Hello, World!™); {
} printf("Hello, World!”);

\ .
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Hea1-1:omp_ex01 1.f90
ALw RZ4DERL. ENENDAL YW RT “Hello, World” ZH 1K

HmE1-2 :omp_ex01_2.fo90
ALw RADTEIT. ZPNENBRAL Y RE=SZEIELEAE KX

omp_ex01_1.f90 program omp_ex01_1 F

: :
program omp_ex01_1 F '$ use omp_lib

V{4 V{4 I
print*, “Hello, World! # '$‘_’m'° parallel 3
print¥, Hello, World!

:
end I$omp end parallel

\ end




ALY R#EDiaE

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

JOVSLABPTHRET D EEHHE

I$ use omp_lib #include <omp.h>
call omp_set_num_threads(4) omp_set_num_threads(4);
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G icc —gopenmp omp_ex01 1.c

A\

>~ COpenMPZH

gcc —fopenmp omp_ex01 _1.c

$NCI D

AT E 3 > =IBE URWMEE(E0penMPDIERITIEIA > b & L TEHIENS.

#pragma omp parallel for
{

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

ali] = bli] + c;

G
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ERTIXCDIHZE(L #pragma omp ...
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INAIVAT 2 =

F

A\

>~ COpenMPZEBXI(CIT D

ifort —.qopenmp omp_ex01_1.f90

gfortran —fopenmp omp_ex01_1.f90

AT E 3 > =IBE URWMEE(E0penMPDIERITIEIA > b & L TEHIENS.

|
1$omp parallel do

doi= 1,100

a(i) = b(i) + ¢
enddo

I$omp end parallel do

F

OpenMPTHRUS1ER1T(E. Fortran
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HDITIFIEE. IAXA MEUTUIESE
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#PBS -1 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 v

IRVEHE

TI3ATAFTEEINS D DRIBICK D TENDIZH. ERBRIC
run.sh A2 ZESH(CEF I Y2 T7ILZESECTDIE
#!/bin/bash
#PBS -N openmp >37%

#PBS —q S 1 —%Z1EE
#PBS —o stdout.log HHIT7AI
#PBS -j oe SETS—HHhEHE

N — XERE O77)
module 1~ > RDIzODIRIERTE
Intel J > )\ SIRIEDFEHA

VEZES « LU MUANTBE)
AFFINITY Zdisabled(C 9 &
AL Rilli5ENDERTE
D—05 4 L MJICTEH
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Working Sharing#&X

O BEHDA LY RTHIEUTCEITI D8N =isE
O L5 —=3 >N Tk 9D
#pragma omp parallel { } DIRIMEBHA

RN OERRZIE

pragma omp xxx
1I$omp Joox ” '$omp end xxx

oforkdd, doidX
IW—TZRELEALY RTEIT
© sectiontB
B3> 7" ALY RTEIT
@ singletlB>
1 ALY RODHELT
© masteriB3
A —ALY ROHELT




fortgy

|
#pragma omp parallel @ for) lz—7°7a'_'1 I/“J F_CﬁE“ LI\

| LFNBE TS

#pragma omp for
for (i=0; i100; i++) {

alil = i [F] #pragma omp for
}
#pragma omp for + for)L— DRI C157R1T #pragma omp for Z AILD
for (i=0; i<100; i++) {
bli] =i ‘
} o #pragma omp parallel CTAL YW RZEERUTCITIT T
} (F. 2TORLY REPIL—T#AELULTULED

#pragma omp for & ANDC &ETIL—T BEN D E
., BAL v 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
ISomp end do
I$omp end parallel

doiEX

doJb—DJ &AL Y RTHE
L. 50N EBZITS

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

- do DIERIICIERIT '$omp do ZAND
- enddo DBEZ(CIER1T '$omp end do Z AIND

I$omp parallel TR LW RZERRUIEEIT TR, £
TORALY REE)L—T%ZEtBLTUED

I$omp do T ANDC ETIL—TBEARMNDEI =N,
BAL v RICUIBHEIDZTEND
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#pragma omp parallel AL v RZERUEEZITTIE. &Ry REETD
{ IB7Z 17D CUFERWEEDEICIRSTRL
for (i=0; i<100; i++) {
alil =i
}
}
ALYEO ALYk ALwIk2 ALWE3

for (i=0; i<100; i++) for (i=0; i<100; i++) for (i=0; i<100; i++) for (i=0; iK100; i++)




OpenMP(c kDAL Y RilliFl

#pragma omp parallel J—20> 17 )71‘%3'175:l5|’15 CEICK D,
{ WM DE =N, EULKTTNRIEEND,

#pragma omp for
for (i=0: i<100: i++) { #ipragma omp for, !$omp do () L — T = BHEI(C
alil = i ALY RETHECHEITSD
}
}
ALvYEkO ALYE1 ALwk2 ALYE3S
for (i=0; i<25; i++) for (i=25; i<50; i++) for (i=50; i<75; i++) for (i=75; i<100; i++)




OpenMPDEXRGS

ALY REREII—TWi5% 117 Tsouk
[CE&E
#pragma omp parallel { }

#pragma omp for
—#pragma omp parallel for EZ1TD

? Pragma omp paralle @ #pragma omp parallel for @
" f for (i=0; i<100; i++) {
pragma omp for -
for (i=0; i<100; i++) { <:> ali] =i;

ali]l =i )

J

}
\ \




OpenMPDEAXRGBT

ALY RERE IV —TMi5%Z 1 iT Tk
[Fortran]

I$omp parallel

ISomp do
—I!$omp parallel do E&= (T

I$omp parallel
I$omp do F I$omp parallel do
doi=1, 100 doi=1, 100
a(i) = | > 0=
enddo enddo
I$omp end do I$omp end parallel do

I$omp end parallel
L \



RE2-1 : omp_ex02.c
H>TJ)ILOTOTSAIIL—TMNRNA LYW RTHEISNTULRLY,
ferXEHEA (BULIHMEIE) L. JL—TZIEULLMINEE K,
F9 [& omp ex02.c ZEDEEHFH UTEBHEEELLD

074 ex02.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

JHE2-1 : omp_ex02.f90

H>TJ)ILOTOTSAIIL—TMNRNA LYW RTHEISNTULRLY,
B zEEA (BULSIHMEE) U, JIL—TZIELLISNEE K,

F9 (& omp_ex02.f90 ZE€DFFEHHO UTERHEHBLED

ouy{ ex02.f90

program omp_ex02

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

end F



T SAN—RERICDONT

+ OpenMPICEWTERIIEARN(C(IHE (shared) THD.
EDALY RS ET7ITARGETHD. T TARX— EEIC
BEURERIZALY RS EMEZFRE L. DXL v R
B57 0T AN,

HEULTZIL—TEEDRNECHD—REERE(F. TS5A
NEEFICIETE T DUENDD.

- 5 Y (C

[C]#pragma omp for

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



T SAN—RERICDONT

TIJSAN— M NEHEIETE
[C] #pragma omp parallel for private(a, b, ...)
[C] #pragma omp for private(a, b, ...)

/
#pragma omp parallel IV—JZHDIFWICELUT
{ " i
#pragma omp for private(j, k) S‘I]'Z.§|J'f|3 L/7?:') l/_—jg‘ﬁﬁ(iﬁéﬂﬂ'ﬂ(g
for (i=0: i<nx: i++) { prIVGTe’Eéﬁ(gfcﬁ%o bb\b%E) L—
P Jiga. NAlD)L—T(CELTE
for (20: ny: ) | HEEBOEECHD

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

fLilillk] = (double)ixi* bk zppiniza. i (FEEIICPrivate
} [CI2BI=DRBRV, |,k [CDNT
} } (FprivateEENMNE ETRB,
}




T SAN—RERICDONT

TS5AN— NEH®IETE
[F] '$omp parallel private(a, b, ...)
[F] '$omp do private(a, b, ...)

/

I$omp parallel F IW—ZHDI/WNICEULT
somp o privatel;, 10 B LTl — T 28R S E B

d = 1’ Y
c;kI)j = 1m;y private B2 /xdD. UNUZEIL—
do k=1 ng ToigE. RAIDIL—F(CELTE
N H A 7 .
'F(k,_j, I) — dble(l *J * k) /\ﬁxyyd)iitﬁéo
enddo EOBIDES. | (FEEMICprivate
enddo [C12 B T=OUBIRN, j, k (CDWVT
enddo (FprivateEENMNE ERD,
I$omp end do

I$omp end parallel



ECDHBER=

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

ali] = tmp;

|

isHE L)L —T

tmpz EE= LU TCUFEL.
LUUMERICIRS TR0

AT

B RE -

T SAN—RERICDONT

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

tmp = myfunc(i);

ali] = tmp;
}

privateEEZ® AN

Ed dBaldEER

Sprivate([CITRETIFRWVHMER T DINESL D




T SAN—RERICDONT

ALYEKO ALK

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

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

a[25] = tmp
privateEE7X U

‘ #pragma omp for

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

} | I

\




T SAN—RERICDONT

ALYEKO ALK

ALY RODTSAN—MNEH — tmp =0
tmp (C 0 ZHSA

ALY R1DT 5S4 R— R NEH tmp = 25
tmp (/25 ZHA

aloyIC(E 0 A ETNS a[0] = tmp

a[25] = tmp
privateEES & D

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

% tmp = myfunc(i);

~ ali] = tmp;

} | mimiE

\




ZEI—IJCEAULT

B <720 eNEER
for (i=0; i<nx; i++) { #pragma omp parallel
for (7=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 (7=0; j<ny; j++) {
flil[j1[k] = (double)(i * j * k); #pragma omp for private(i, j, k)
] > for (k=0; k<nz; k++) {

fLi01K] = (double)(i * j * k);
} }
}
}
}

OpenMPZRWZIEFIETI(E. REUL—T . ML — 7"@&:“75157&

FEUCERW. 22U, RAL—T Zi5{6 9 3155, SO

fOI'k-jOiﬂ LTCUERDERL Y REREBIENED TN E(CIRD,
(EERDHITIE 1L ED I RTIL—T T nx * ny [@])

BB, WML TBIL—T%ZZEXED. IL—TO:tEIEF%2ZEET D
OJEEEN S DIce. privateBEE(CIFIL—TEHEBEVEAHVEEE,



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, ...)

HEELETNIEEARNICEFLEHRTHLH=5H.
A BS AT EE




BB DFZND(C

F] '$Somp barrier

= N8 (C [E] HALULEE

ALY ROFEHA
nowait %EHH/TL/HL\BE'O J—0> 1T 77U

ALY FORIRFSZ U7

pragma omp for nowait

ALY ROEHIZED
[C] #pragma omp barrier

373\%/-

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



Sectiont@X

ALY R ECUEBZDIRETE 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 N3
IE QLig
. #pragma omp section
ISomp end sections
Qnig

I$omp end parallel

\ ]




AR DI

SectioniBdX
ALy RS E(NIBZDITETHEHD
\

#pragma omp parallel sections
|

/|
ALYEFO ALY ALvYEk2 ALvYER3
#pragma omp section #pragma omp section #pragma omp section #pragma omp section
ALEEO A EE1 SRR 2 JREE3
\ AR
jr — S WF 4.
BRI -
C D) }

- FALY RCEIDEHTONZABOERNELRD & BERARGFENREET D
- O— RIS RISER




/= 3-1 : omp_ex03.c

EE2 CITo )L —TEEDISE(E. SECTIONEX ZHALTCHE|
FTRCEEREETH D, RTDHY>TIL 11— R (omp_ex03.c) =
sk tE. EIUAIRZITO TUOWBCEZMERE L. BBERAL W RE

(4 (CcTDE,
omp_exf{:: omp_ex03.c
#include <stdio.h> @ #include <stdio.h> @
for (i=0; i<20; i++) { “ for (i=0; i<5; i++) {
printf’myid=%d : i=%d¥n’, myid, i); printf’myid=%d : i=%d¥n’, myid, i);

J J

for (i=5; i<10; i++) {
printf(myid=%d : i=%d¥n’, myid, 1);
}




a3

JHE3-1 : omp_ex03.f90

EE2 CITo )L —TEEDISIE(E. SECTIONEX =AU TCHE|
FBCEBUEETHD. REHMDY>T)LI— R (omp_ex03.90)
k. FEIUAIBRZITOD CTUWBCExERE L, BREAL YR

I4(CTDZE,
omp_ex02.f90 omp_ex03.f90
program ex02 F program ex03 F
do i=1, 20 do i=1,9
printX, 'myid, i, f(i) ', myid, i, (i) “ printX, 'myid, i, f(i) ', myid, i, (i)
enddo enddo
end do i=6,10

printX, 'myid, i, f(i) ', myid, i, (i)
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 FDHTUHE

G

[C] #pragma omp single { }

—RREI(C. AL w RDITH_EIFEER(
MRS T (EDHA—) =W KD
RSIRBIEHRINNEETND,

KRB 5= — S DH D K S 7R
WMADIEE

#pragma omp single { }

EITDELIRALY FPOHTUEEND




|

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
ISomp end parallel

1 ALY FDHTUHE

F

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

—RZEY(C. RLw ROIZE EIFEIE(E
ARSI (EZDOHNA—)—A\w RHvVD
IR RBIEZHRERLNESETND,

L/ALEE)(D?‘ S DHTID K D IRLE
73\15 ﬁ (= N

I$omp single

EITDELIRALY FPOHTUEEND




VSIS 3B EIBE

reduction(GEEF:Z#)

. AFIHER FTNTNDOZL Y RTRIZ DE%
5. A5 —> 3 SIRTEICR AL v ROMEH
FLADEND (RF]) 25
//%m@m\ﬁag%xmézaﬁm%

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

sum =0 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

\\




R4

HE4-1 : omp_ex04.f90 / mp_ex04.c
1M5100FTERERLENTESTOT S % 0penMPTCiFEE K.
reductionZ2ZIDIEEZ &N D EIE LU SEHRVTZHER.

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 }

printk, a printf("%d¥n", a);
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al0] =0

for (i=1; iK100; i++) {

}

ali] = ali-1] + 1
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ELERIED T 5/ (heat2d.c / heat2d.f90) %
OpenMP C XL v RilliF{b U CETEE K

ELET
. 0°T  0°T
VT _ﬁ-l_ﬁ_ const

1 LES (QREE)

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

1
Ti’fj“ = 10Ah? + ( L e Tl'iu + Tf g+ Ti’fm)
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ELERIED T 5/ (heat2d.c / heat2d.f90) %
OpenMP C XA L v RilliF{E LU CETEE X

(heat2d.c / heat2d.f90)
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gnuplotZ{EH> CTREZI OV b

username@rokko: /khpc2018/omp> gnuplot
gnuplot> set pm3d
I l; I 3' 2\’-,. —E\ g Q!‘!!;O
plot> set ticslevel 0
anuplot> set cbrange[0:3] HS—)\—D{EDEEHIETE
enuplot> set palette defined (0 “blue”, 3 “red”) HS5—)\—DEEE

gnuplot> splot “result.dat” with pm3d
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ALy RiESIME UTZBMeBRED T O S L%, MiFE=
1,2,4,8, 20EXTCEITL. sTERBEZETAIEX

CPUELR : #PBS -l select=1:ncpus=8
Lw k&L : export OMP_NUM_THREADS=S8
D 2N FhzESHRD
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BFfEtHEl (RG53hR)

3 IR0V T RDEITT time ={HFE

dplace —x2 time ./a.out

alaHAl (BEEY)
omp_get_wtime BE#x &

5T 2RI (C
dts = omp_get_wtime()

T ERR THF(C
dte = omp_get_wtime()

L. dte-dts zHiH93D




WH{ERICEAUT

CPUZN{E{E D CFHETE UICKF, STER
EANBE(CIRDONERICH - - -

:’I]':?'HISEODF-:EJEE

IS LAANICHEFE TERVDLIBNSE
NTWNBE, EDEDHN /§|JnJr%(L_EF3Hc7;>
NIV D218 (75 —)LDiER!)

I EZITSIEHDIR S
LE{EZITD CET. FEREITICIEAE
JEOEAMIBMEX B ENHDD (R R
fE). MPIOT Ot X EBEES)




2 %]

4 65

WH{ERICEAUT

RFEMRIC K DAEBIE

/ TERL R \
® ] @

€) @ ® ®

N /
Y
W 5{ R g/ R QLI
@ @
#l : WH{eTZDEDH
@ ® ||rnosnseaos5s
©) ® 2/3D1Za

2AL Y Rt
sTEIFEE2/3 GTER
E(31.518)

® 42 L v RiFl
STERFR (D GtE=R
EeZizy

@ @ @) |©




WH{ERICEAUT

7 LS —IVDiERI

‘OS5 LADMSELTEREERE P & L.
‘OtvY#HEn &9B5&. MHETEUE
FDFEEM] 3R (&

1

P
(1-P)+—

CH5 XN,

ZNZT LY —IVDER IS,



WH{ERICEAUT

7 LS —IVDiERI

. J”
1 E(FXRUIBHIR D T U Z 3.
v ZIBA U CEETERE
(F1 OfZBLLEICIFRSIRUN,

nreF>J

s ROK DR RBTEHEZ
Qe (C U Cili3I{EZ2RZ 100% (CFTE DT B0

NEBETHS.

D5 LERD 9 &(F]

F{ETE DN

LD R DImE

1L\D _E T3,




