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M()ore s Law: The number of transistors on ml(,I‘O(,hII)S doubles ever\ two se(us Our World
Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximate ery two y in Data
This :adusnwc*mom is important for other aspects of technological |'3r<755r<'-¢zs: in computing - ~-:uch as processing speed or the price of (<:|1:|)utr|'s,
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« Open Multi-Processing DS
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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 @

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

7] } ?@
7 51 AILEE




OpenMPDEZAEIZN (1/3)

« OpenMPEZ 1—-)L/AVvASHZEO—R
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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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OpenMPDEAREIEN (2/3)

- 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
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_num();
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[F][C] time = omp_get wtime()

1$ use omp_lib #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() cee QLIE ...
print *, dte—dts dte = omp_get_wtime();
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W5 —>3 > Z28%E (CSER)

{

#pragma omp for
ali] =i

}

{

}

#pragma omp for

for (...)

#pragma omp parallel

™

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

#pragma omp single

G

— EHZL vy K0

(3

ALy FDOEEI~BHE

[C] #pragma omp parallel { }

FEA A} NAMEIA L | TR
BIND,

G —<3)
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I$omp parallel F ALy F D E;;JJ
I$omp do YN

doalqjl'-mo [F] '$omp parallel
enddo

I$omp end do

ALy F oL
[F] '$omp end parallel

S EHAL Y K COE

I$omp do
doi=1,100 (Y —2av)

I$omp single
call output(a)

I$omp end single

enddo
I$omp end do _
ISomp end parallel
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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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 BHJ/IRESD 1 —)LoO— R

e module load intel

AY > RS (C (A BEA Y LZ—HNR S TSRAVD T LU T THESR

 module list
Currently Loaded Modulefiles:
1) intel/2022.3.1

TL<IZE0N,

FEEDEDICED 1 —ILBFEHATNTUONILOK. RIBEN DL, FBETTORAICHEER U
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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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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

A1V TIVDERFHifxA /34 7 THREE
T\‘TO



ALY REDIETE

- I NVDOBEBEHTEZ S (RE)
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 -
TLEH>7-0, SHEIIREZHICL PIETZHET 5,
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run.sh ZNRAVHEFESIBICIZA—H —~v =2 T7ILASE TR
#!/bin/bash

#PBS —q OO Fa—%ETFE (SEORI—ILVBAX1—ZIRETHE)
#PBS -l select=1:ncpus=4 ) ) —RHER (4a7)

#PBS —N omp_JOB o374

#PBS —j oe HAI74)L (BEIS—HNEEE

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 R B D 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$omp parallel F do/l— 70%1 L 4 F 'C“ﬁ%“
1$ d > 4= -
ds:n:1,o1 00 L. iESNBZ1T 5
a(i) = i
endcllo [F] '$omp do ~ '$omp end do
I$omp end do
1$omp do - do DERIIZFE/RIT '$omp do = AN 5
dobi('j 1’. 100 - enddo DE£ (Z357R1T '$omp end do = AL 3
1) — 1
enddo
'$omp end do I$omp parallel TX L v FZ&EpL7=7Z1FTlE, &
I$omp end parallel THORALy AL —T%5TELTLE D

I$omp do Z AND Z & TIL—T7TBELIDE X .
HBAL vy RICAWEAZ Y B Turb
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#pragma omp parallel 7—=7 I:!_ ~ :\ \ o
: ALy REER LT TR, £RL Y FALTO

for (i=0: i<100: i++) { MIBZIT->TLEWVWEEZEIZA SR

ali] =i

] HEfth L3R

] ALy FZTEICALT 7 EATHRAL TWLWSHER
HEN 5 A]EEE
ALwkO ALk ALwk2 ALwER3
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 V=0 T UV TEXEAND I EITLY,
{ MIBADE| I, [EL K WHIBI NS,

#pragma omp for ) \

for (i=0: i<100: i++) { #pragma omp for, '$omp do |F/L—T7HBHEFAICX L v R

ali] = i; M THEFEICDETS

] +for§(0)j7'7/%%%%%@?%(%&73 LT TAR=})

}
ALYEFO ALYk ALwk2 ALYER3
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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OpenMPDE AR a5 (Fortran)

ALy F&EREVL—TF% 1 {7tk
|Fortran]
I$omp parallel
I$omp do
—I!$omp parallel do & E 1T 5
I$Somp parallel F
I$omp do 1$omp parallel do F
doi=1, 100 doi=1,100
a(i) = | = 0=
enddo enddo
I$omp end do ISomp end parallel do
I$omp end parallel
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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,
e xiEA (L LCIEBE) L, W—7%1FE L <HINLE L,

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.
EDRALy FhodbT77E2RAAETH D, 7714X— FEHE
M ZIEEL-EHIIZRAL Yy FTEIEZFREB L, BOX L v
KT 742370,
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CAGFME LTIV —TTEBOARTRICH 5 —FEH R EF. 774
N— N ZEHBEMECIEET D2HEDD D,

- BIARIIC

[Cl#pragma omp for

[F] '$omp parallel do
DEERDIN—TEBIIT7AR—FEHE L TEEINSD
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77AR— M EHEHEZIETE
[C] #pragma omp parallel for private(a, b, ...)
[C] #pragma omp for private(a, b, ...)
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#pragma omp parallel @ W—TEHD/WICEILT
{
WEHME L7 — 7 Z#iE BERYIC
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++) {

fliJli]k] = (double)(i * j * k); EOFDGE. i (XBE)RYICprivatell
} 1B DRERWNA, j, k I2DOWT IR
} privateE SN WE & 1L B,
}
}
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77AR— N EHEEZIRTE
[F] '$omp parallel do private(a, b, ...)
[F] '$omp do private(a, b, ...)
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I$omp parallel F W—TFEHDFBNIBEILT
I$omp do private(, k)
doi=1 nx WML L 72V — 7 Z B8R
doj=1 ny prjvate”ﬁ%‘iﬂl H5, L 75\}, % eI —
dok =1 nz ZI:@J/;‘%E\ REIDIL—TICBE L TIE
fk, j, i) = dble(i * j * k) REEADEETHS:
enddo EDBIDFZE, i (XBEEHIICprivatell
enddo RDIORBERND, |,k ICDNTIE
enddo privateES W' E & 1L 5,
I$omp end do
I$omp end parallel
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E: U 75\_15 71;;: i e double tmp;
#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;
} }
ALy FZEICtmp®r E privateE S 2 AN 5

LTl EW, IELWE
B2 uin

WAL L7V —T7 N TEARRT - BHI DG IEETE
Sprivate(C T RNE TIXEWHIEE T H50EDH V)
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ALvkO ALyF1
HEZHtmplc0%ZKXA —tmp=0
HEZ#tmp 1L 25 2K A tmp = 25
a[0] IClF 25 BMRAEI N B a[0] = tmp
a[25] = tmp

privateE 5 7% L

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

ali] = tmp;
} | SR IE
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T SANR—PMEE

ALY FODTF7A4R—FEH
tmp |2 0 Z1XA

ALY F1D77A4R— P EH
tmp (2 25 Z{XA

alo] IclZ o BMRKASTNDS

privateE 5 & V)

J

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

tmp = myfunc(i);
ali] = tmp;

ALYEKO ALK
—tmp=0
tmp = 25
a[0] = tmp
a[25] = tmp

| sz
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* firstprivate/lastprivate tmp=100
ALYEO ALYE1
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ALYy FODTFAR—FEH  — tmp = tmp+1
tmp IC 1MNE (BEEIZTRE) P P

ALy F1DFT54~R— MEH tmp = tmp+25
tmp (2 25 ZINE (EIZFE)

al0] 21k REEI A SIS a[0] = tmp

privateZ# s H < £ TH
2Ly FOforkBFICER I NI-ZHTH Y . a[25] = tmp
MEAEIZRNE, OpenMPAEI L (XBIDEE L E
A B DHEEH,

« £THRL vy F TforkBFIZOpenMPAEITD
& & 3 256 Efirstprivate D EEN B E

- JoinEF, omp for ¥sectionn T —or ¥ WIB)IE
WEEMEFRORBNLRERIPRENLGE, [ '
EEEIC LW imaidlastprivate BEDIEE  tmp=100 | ALy REWREEBRTF—42DT=-8.

HPHE OpenMPREU'H LEIDOZEEL L
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ZEI—J(CEAULT

=R AR NER
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 (j=0; j<ny; j++) {
fLil[1k] = (double)(i * j * k); #pragma omp for
} > for (k=0; k<nz; k++) {
} fliI1[K] = (double)i * j * k);
} }

J
J

}

OpenMPZ% W= 5L Tld, WAL —7 AMEIL— 7°0> EHb &

FHYELTHR W, 7272 L. ALV =Tz d 5355, & [Elfork-

jonLTLEH &ALy RARES &b\%@ﬁ_m;t 12785,
(FROBITIE1 2D 3RTIL—T T nx * ny [B])

B, WIS BIN—T%Zz17-), V=T DTEIEFZZET S
AIBEMED D B 7=, privateE S IC 1T/ — T B EH E W - AN ES,
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HE (shared) ZHEMEZIETE

[C] #pragma omp parallel shared(a, b, ...)
[C] #pragma omp for shared(a, b, ...)
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[F] '$omp parallel shared(a, b, ...)
[F] '$omp do shared(a, b, ...)

FEELET LSRN R TR THETH.
LA AL
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nowait %HE/T\L@L\BE )., T—o7 Tz } )T
B DEH Y IZEERYIC[EHAVLIER A R A

ALy FoREEAFLZ LAV

C] #pragma omp for nowait
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F] '$omp do ~ '$omp end do nowait

ALy FoORBA%Z L S

C] #pragma omp barrier

F] '$omp barrier
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ALy FZEICUBZRIRSES

[C] #pragma omp sections {#pragma omp section, ...}
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[F] '$omp sections, '$omp section, ... , '$omp end sections
I$omp 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 B
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Sectiontig X
ALy FZTEICMIBZ DI 5

#pragma omp parallel sections
\
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ALYKO ALK ALwR2 ALYR3
#pragma omp section #pragma omp section #pragma omp section #pragma omp section
ALIEO AnTE1 ARLTE2 ARFE3
1 SR WF -

55 50 FHH
CEED) :

B RALy RICEIYYEToN/-AEBOBEINERS &, ERNLGFHEAIRET S
- A— KN ZURITEE
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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) &

SRS, FALCABEZIT-o-TWA I ExfERE L, BBRL Y P&
412952 &,

omp_ex02_2.c omp_ex03.c

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

for (i0: i<100: i+4) | @) for (FOi<25 |
uli] = sin(2.0%pi*---); uli] = sin(2.0%pix--+);

J }

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

}
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JEE3-1 . omp_ex03.f90

RE2TIT o 7o)l — 7EE DAL E. SECTIONIEX Z AL THE)
TH5ZEHRIETH D, RKEMDOYT > 7ILT—F (omp_ex03.90)
AR S, BLCAMEAIT-TWA I EAxERT L, RBERXL v K
Bz 2B &,

omp_ex02.f90 omp_ex03.f90
program ex02 F program ex03
;I.o i=1, 100 .(.i.o i=1,25

i) = sin(2.0%pi*... i) = sin(2.0%pix...
o) gy e
end do i=26,50

u(i) = sin(2.0%pi*...)
enddo
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;{#pragma omp parallel G, [C] #pragma omp single { }

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

} —BEIC. ALy Rowrbs EIFEHIE

#pragma omp single *@_j] 5@& \b —g— Ci 5 7{)§\j— AN 7 I\\\ 75?9\

{ BB IZHRWNE TIN5,

| e BRIED T — X OHH O & 5 105
N

#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] !$omp single ~
I$Somp do .
doi=1,100 I$omp end single
a(i) =i
enddo
$omp end do —EIC. ALy FoIb EIFEHE
: MR TIED)DF —/N—~y KA
I$omp single
all outout(a) BABBEHRWE SND,
'$omp end single LQ\L@’@ T—XOHD & S HALE
'$omp do b\A% %IZI\
doi=1,100 I$omp single \
..... CITBHELIRLY FOATUIEINS
enddo
I$omp end do

I$omp end parallel
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fpragma 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,

}WW“* FERMBOTF — 2 DHAD & S5 1L

DNADIHE

#pragma omp for #pragma omp master {} )

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

b[il = i: 5,
} RTYICRA Ly FERBEIZITHhNER L,

}
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:§°mp Zara"e' = [F]'$omp master ~
1I$omp do
doi=1,100 I$omp end master
a(i) =i
enddo
Somp end do —RBIC. ALy FOLh ETEEE
B S TIES BF — =~y KD
I$omp master
call output(a) fd: < fd: % 71—:_ %EL\ t é *L% o
‘Somp end master BRIBOT — 2 DHNO & 5 KA
'$omp do b\A% ﬁ =N
doi=1,100 I$omp master
_____ T HERRZ—RAL Yy FPOATHUIEZX
enddo 15
I$omp end do %TH#‘:Z Ly l‘ FEﬁIE.l,HH Liﬁbﬂ’ttﬁ Ly,

I$omp end parallel
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fpragma omp parallel @ [C] #pragma omp critical { }

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

} HEHAEY TldsharedZH D E T IA

#pragma omp critical 07% - j:l’gj\i\‘%k 7 ﬁ R 24 £57% =

( LEBEWEMEA B Z Y £9 GREIREE),
a[0]=func(a,b,100); JOy INOMEBATY ALy KA1

1 SEFITH D &S BB T 2454

#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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reduction(EEF:Z#0)

- WHIEAERIFNFND XL v KTR|4 DfE%
Bb, 15— 3 VIRTERICERAL Yy FOED
ELEHLEIND (§F) sharedZ

el B EEKHDH I & HAJEE
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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




AEUD—EE (Fortran B E1KR)

 EBRODODAL Y RN FT—H=ZEE

e XEY FICRMRENDIA=Z0(F?
« BEESNTULWRWT—SZED EFRIED ERB
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« JEE omp for{osingle, critical, barrierd 738 EBIEAENE (C (EflushHMFED
Flush : L2XAVPFr v a1 RREOO—-NILIREHRZAED LICESHU
—EBMNZziERIT D

e omp flush(CEKDBA7REY(CEEIN T D EETED(ERR)




IL—J DEE(E (Fortran & E4R)

- ZEH)L—TDERAL v Rl

e #pragma omp parallel for collapse(2)
for(i=0; i<n; i++)
for(j=0; j<n; j++)
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FEEIL—T (Istatic TR < TFR SRV EFImh'EIL— T ZEICHF U T
DEANANIY S VAN

 SIMDAI 514

e #pragma omp for simd
for(i=0; i<n; i++)

)L—T 54t & EBICSIMDEBRIEE T NUEIT D (SIMDEE IR E ] EE)
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omp_ex04.f90

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.c

program ex04

do i=1,100
a=a+ti
enddo

printk, a

#include <stdio.h>

for (i=1: i<=100: i++) |
a=ati

J

printf("%d¥n”, a);
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WGHIHETSE RN O3 A

- EDIN—=T =ML T S D (RIEEDY)

WD TR TT

e TcELR WA ST L

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

75T HIT S

_®7D77A&%E@ﬁ§
ZITHO -2 I1Fi-1 BEBDETE
#%#MET%U(T 2 DK
FE®R) . LIk TEAHRWTO
77AT%%

L A L OpenMPDIER{TZ A
NIE, IV —XIFEEPY
o707 7 LEALLIE L., fE
BT TEZ1T O,
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EG5-1:

HEERED A7 7 L (laplace.c / laplace.f90)
% OpenMPTX L v RiFML LTEHEE L (=721
WAL RIBED B TR L)

HIBEAFIER
o oot
ax2 " 0y2 0
1 hLES (RIEE)
1

Ty =7 (Ti—1j+Tig1;+Tij—1 +Tj11)
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EG5-1:

HZERMBED 787 7 L (laplace.c / laplace.f90)
% Open\/IPT*‘X Ly RFML LTEHEE L (127210
I/Wﬂﬁﬂ e HIANL)

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

Tio=Tn+1j=Tin+1 =0
Toj = sin(m *i/n)
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SOREDHE

CHKIF, AR - HATFLE (w=10EEEMLERKICHD)
1
k k
Pij =7 (T + Ty + TG0+ Thu)
Ty =T + o(piy = T)

EEETICEMICOpenMPT/RT LLforis EDIEEE T D & [5EIRRE]
ICFE Y IEL KETEATER NI &0, BRAVERITEICELR LB HY £,

c— RIS, XY TERBWTHIE N RX=TL—> 2/ Y)
C2BF—KY v TDIEE
1.l2ﬂ?v7%ﬂﬂﬁﬂ§

_ k Tk Tk k
Pij = Z(Ti—l,j T i+1,j T ij—1 + Ti,j+1)

2. XRICCB 7Ry AEEHE

1
_ k+1 k+1 k+1 41
Pi,j = 4 (Ti—l,j T Ti+1,j T Ti,j—l + Ti,j+1
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Eg5-1 !
EHCERBED 707 7 L (laplace.c / laplace.f90)
ZOpenMPTX L v K3t LTETE R &

# R (laplace.c / laplace.f90)

n:fft. BxNZTNDT Y v P

I[TMAX : &R S AE B

eps - RIEXNZ PILDED / IV LDEE
(EZETEZPRESESH)
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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

ki

HT7—N—DEDEHHZF X
HEDONRFA—RIZEHST
BEEZEET S &

0.8

0.6

0.4

0.2
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EG5-2 -

ALy R L7-2MmEBMED 70 7 7 Lx, W%
1,2,4,8,16, - £ZZ2TEITL., sTEREZEOHE L
WHEIEY a7 R0 7 RZT (8RLy FDigE
CPURELR : #PBS -l select=1:ncpus=38

ALy F# . export OMP_NUM_THREADS=8

D2 PTEEEMR 5
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JE5b-2 .
BFRIEHE (GZhR) -
>3 7R T FDOEITT time 2{EH

time dplace ./a.out

BFREHAl (B9%0)

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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1127} fat

FHEEAE

45
40
35
30
25
20
15

AE

-o- IEHGE

AWHEL 1 2

F=EMEF) 2.56E+00  1.30E+00

AE—F

VWA 1.00E+00  1.97E+00

6.61E-01

3.87E+00

38 16 32

No. of threads
—— A=K7y

4 8 16 32

3.42E-01 1.77E-01  1.23E-01

7.49E+00 1.45E+01 2.08E+01

40

40

1.16E-01

2.21E+01
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#pragma omp parallel for

ALYEO
for (i=0; i<50; i++) ALY
for (i=50; i<100; i++)
5 B A

c BRALy RIZEI) Y ToN-EBOBEEARELRD L, EEAEFEOLARET S
- A— KN RITEE
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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++)

B ALy FICEI)HToNT-NEBOEBRVELR S &, ERAFLIRET S
- A— FNRNT U RITEE
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#pragma omp parallel for schedule(dynamic, 25)
ALYEKO

for (i=0; i<25; i++) 2L |~°1

BN v

ALYEKO o

for (i=50: i<75: H++) for (i=25; i<50; i++)
ALYEKO

for (i=75; i<100; i++) | 55 RFfE

B ALy FICEI)HToNT-NEBOEBRVELR S &, ERAFLIRET S
- A— FNRNT U RITEE
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« B 1 (E=/A175]) * (N7 L)
c vy =Ax*x, (al-j=0,i>j)
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for (i=0; iKn; i++) {
for (j=i; j<n; j++) {
y[i] += alil[j]*x[j];

i

e Fx VYA INAEEICKELEEST S,

¢« BRINTVRAEVATLDF—/RN—~y KD
L —FF 7,

« Fa—ZVJOXRHIEIMNT B,
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5 ETE L 72D

VAR E/ATNNON
Yty U An £ 95&.
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1
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TH5Z o5,

TNETLX—ILOER] &M,
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e https://www.openmp.org/
(CTCRHESE=NTWLWET,

« RiIBENBIIEITFIBD6 TIFIR 3.1 KDEDI(C?

AN
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e BxHTD0penMP T

* Data Parallel: KiBFE CE7T
e Task Parallel: 5 X Dilli%l]

* Device: GPUIRED T Otz —5F|H

e Optimization: SIMDY2)L — T ZE DI/ =B LIETE

IR EDEEENTIEE T T . Z < DRI TIF3.1DEVMIERDAABRIEE TI M. 5.2LAFD
A\ A S TITEVWSE RIS —(CRDEgEN DD TEREZ.

» ERATAREE(C
ﬁ’é L/_IC?;_C < JZE0)\, Intel compiler¥®GNU C/C++ compiler(IERFTDED %=
HDIEETN— UL TVET,

AR DI DFE

‘j“é_a: 9 o
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