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o HLENLE: OpenMP
o ZAMEIERILER]— AL
@ ccNUMA (Cache-Coherent Non-Uniform Memory Access).
SMP (Symmetric MultiProcessing)
o 7T A MPI
o BEANMEPLERHAA H O N A
o AbBR S A3 I A B AT AE B
o Cluster. MPP(Massively Parallel Processing)
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f+4 & OpenMP

e OpenMP I AEPEAHS T IN—2E OpenMP 4w iFd54 HH
OpenMP JE bR HOK SEIAE L W AF IR R Se_EHATIZAT I —Flbr v
o OpenMP £ 3L ﬁﬁﬁﬁ\}?@ *Wf‘?ﬁ$ﬁ?ﬁ%ﬂﬂ\fﬁ7ﬁﬁﬁ
I IR IR, AR Bk nT U»E?Tﬁfﬁfﬁm, NAT LB T/E )
THEAL L, FEEAT R nl B I R n] 4 ik 45
o ARFTIF OpenMP % PEIE IR 1K) G VR4 20 OpenMP G 4154 1My B 4%
G PE R AT AT AT R
o #TJF OpenMP i PRIE T K145 OpenMP 23 4 AT Ab BH 4 13 B
OpenMP FHAT AT HATRET
o IBATIN I FFAT SR 2] LAFE RS JE 3l I R A58 AR B 25 ) A
o ¥ H MPI HJIRGHME, 2719 sNFHZAT OpenMP JFAT, 5 miZ [H]
1247 MP1 J#47
@ OpenMP Z#f C/C++ Fl Fortran if 5
@ OpenMP /¥ A LLIZ4T7E Unix. Linux fl Windodws 25#1F &4 L
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OpenMP Z 51 E# A w . HLMAIA A

OpenMP Architecture Review Board(ARB) 7K A ¥ 4

)

© 6 6 6 6 6 6 ¢ ¢

AMD (David Leibs)

Cray (James Beyer)

Fujitsu (Matthijs van Waveren)
P (Uriel Schafer)

IBM (Kelvin Li)

Intel (Sanjiv Shah)

NEC (Kazuhiro Kusano)

The Portland Group, Inc. (Michael Wolfe)

SGI (Lori Gilbert)

Sun Microsystems (Nawal Copty)

@ Microsoft (-)

ARB Hfi Bl s 72

©

®© 6 6 ©

ASC/LLNL (Bronis R. de Supinski)
c¢OMPunity (Barbara Chapman)

EPCC (Mark Bull)

NASA (Henry Jin)

RWTH Aachen University (Dieter an Mey)
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OpenMP KA [y 32

@ Version 3.0 Complete Specifications - (May, 2008)
@ Version 2.5 - (May 2005, combined C/C++ and Fortran)
@ C/C++ version 2.0 - (March 2002)

@ C/C++ version 2.0 with change bars reflecting changes from 1.0 -
(March 2002)

@ Fortran version 2.0 - (November 2000)

@ Fortran version 2.0 with change bars reflecting changes from 1.1
(November 2000)

@ C/C++ version 1.0 - (October 1998)

@ Fortran version 1.1 - (November 1999 - incorporates April 1999
Interpretations and Errata)

@ Fortran version 1.0 - (October 1997)

EAR (he 2009 4 12 A 9 / 85



SCRF OpenMP 1) 13 s LA KOGS . 9 122 240

AREHIES G ey X VR 2 R 2 L

GNU gee(4.3.2) -fopenmp

Intel C/C++/Fortran(10.1) | Linux: -openmp, Win: /Qopenmp
Portland Group C/C++/Fortran -mp

IBM XL C/C++/Fortran -gsmp=omp

HP C/C++ /Fortran -+Oopenmp

Microsoft Visual Studio 2008 C-+ /openmp

Sun Microsystems C/C-++ /Fortran -xopenmp

Absoft Pro FortranMP Fortran -openmp

Lahey/Fujitsu Fortran95 | C/C++ /Fortran —openmp ~threadstack —threadheap
PathScale C/C++/Fortran -apo -mp
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PN —4E R B e sum=A-B

int main(argc,argv)
int argc;
char xargv|];
{
double sum;
double a[256], b[256];
int i,n;
n = 256;
for (i =0;i < mn;it++4){
ali] =1 * 0.5
bli] =i * 2.0
}
sum = 0;
for (i =1;i <=n;it++) {
sum = sum + ali]xbl[i];
}

printf ("sum_=_%f\n", sum);
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— 4 ) MPI FRATARHE

#include "mpi.h"
int main(argc,argv)
int argc;
char xargv|];
{
double sum, sum_local;
double a[256], b[256];
int i, n, numprocs, myid, my_ first, my_ last;
n = 256;
MPI_Init(&arge,&argv);
MPI_ Comm _size(MPI_COMM _WORLD,&numprocs);
MPI_Comm_rank(MPI_COMM_WORLD,&myid);
my_ first = myid * n/numprocs;
my_last = (myid + 1) * n/numprocs;
for (i =0;i < mn;it++) {
ali] =1 * 0.5
bl[i] =1 % 2.0;
¥
sum_ local = 0;
for (i = my_first; i < my_last; i++) {
sum_local = sum_local + ali]bli];
}
MPI_ Allreduce(&sum_local, &sum, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM _WORLD);
if (myid==0) printf ("sum_=_%f\n", sum);
MPI_ Finalize();
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— 4K B ) OpenMP FHATARHS

int main(argc,argv)
int argc; char sargv|];
{
double sum;
double a[256], b[256];
int status;
int i,n=256;
for (i =0;i < mn;it++){
ali] =1 * 0.5
bli] =i * 2.0
}
sum = 0;
#pragma omp parallel for reduction(-+:sum)
for (i =1;i <=n;it++ ) {
sum = sum + ali]xbl[i];
}

printf ("sum_=_%f_\n", sum);

2009 4 12 H




OpenMP & F [ 45
o fiiFIY
o JFERRAL
o MEILE
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OpenMP #%3(: C/C++

C/C++ H OpenMP F|H pragma Tt HI54 M OpenMP 54,
A DL A

[#pragma omp directive—name |[clause| [,] clause|...| new—line J

6 &6 6 o6 ¢

©

BNRALL Hpragma omp FFH,

FRA LRI %I C/C++ GiFfa2tadt, XN
AWM R, HA R 20 2 R 4 B 4R A R S0
Hpragma omp ZJ5 TN H AR TE G 1R I 4 22 5 4

> OpenMP TR DN H T 2 /b— ARl fa i 1), JF Hab
I — a5 R R

AT HHEH 1 OpenMP 74

SRR EICHT G 257, T2 m ] DL
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OpenMP #X;: Fortran

Fortran [ OpenMP $i5 41575 3% I DL R A5 2

‘[ sentinel directive —name [clause[[,| clause]. .. | J

OpenMP $i5-4 7 B AL AR 454
o JJifi OpenMP Ziiffia 2 Wb LR EFF 46
o [A5iHs SR 1 #6581 OpenMP #R I
@ OpenMP F§AANX 7 KNG
o OpenMP fEA AR IRTEELLIIE AT, B AREN IR
o FHTHAEH — OpenMP 54
o ZHUNAIE LW G2y, Wi LIS
X Fortran, 4 JaBRAEREFRULT, A WILLH Hig A&k

S
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OpenMP #%5(: Fortran

[&] 7€ #% 28 Fortran ] OpenMP F8& 48 RAF N /$omp. cSomp BX x$omp, 75
JE DL 4

Q@ HRFFLEIES SR, IF HACh— AN, Z A e

@ [i];Esst Fortran MAT9. 25, SATRISIBHIG 447 —FEdg e <y
Q  WIRIRAAT WA — ARG 0 TESBANH, JRALATRI LA — MR 3k 0 (07 RFE SRR
Q@ JERLLGIRAF AT, TEHNIIZRI | RUERIT R
Q@ IRIR IR B Z EIRIOH A RIS A, BHIRSLATR A, AT 2
!$omp directive —mame [clause [[,] clause]. . . ] new—line
c$omp directive—name [clause[[,] clause]. . . | new—line
*$omp directive—name [clause[[,] clause]. . . | new—line

LU = om s U

c23456789 Forhl
!$omp parallel do shared(a,b,c)

c$omp parallel do
c$omp+shared(a,b,c)

+*$omp paralleldoshared (a,b,c)
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OpenMP #%3: Fortran H %=

H H#% 30 Fortran ) OpenMP 8245 iR5F N [Somp, T2 LL T 54
AR AT AEATAT A B U, AHZ JT IR D U B R 2 T AN RS b e 4%
DAIACR — A B B, 2 MR BEA e 4
A %X Fortran MAT% . 25 GATRBI R 4T — FE 7 <y
IR AT AR PIT G AT — A4
T EYATIAT IS, VAN &, HYATHLMERRRFFZ GH A &, H & #ifEra4 A
R LS IR A T, | RUTHER IS
WIRFR AR ERF 2 G R0 3 — AN 2R AR 25, SR EATIUE AN, B4 AT ¥ 2
AN B 22 (1) 2SR SRR F T 0 B4R HR A R R 5G], DA (R T AR & T B I <

end critical. end do. end master., end ordered. end parallel. end sections. end single. end
task. end workshare. parallel do. parallel sections. parallel workshare

©6666666F6

(Lﬂomp directive—name [clause[[,] clause]. . . | new—line J

128456789 Frhl's
I$omp parallel do &
!$omp shared(a,b,c)

!$omp parallel &
!$omp&do shared(a,b,c)

!I'$omp paralleldo shared(a,b,c)




oA

X TS FEPAL L) OpenMP SEEL, % OPENMP [PME#E LA
yyyymm #=, HH yyyy Flmm 435 4 e s 48 H 1 OpenMP fr#E
RATWIERH, b7 5 i #define F1 #undef 70, A EEAT ¥
JoiETRE, RIS AR O g

2009 4 12 H 19 / 85



S g e : Fortran [f] 2 4% =

PRAEFTATN 180 «$ B c§ 22—, IFTEL L T 44
o bRl R LT INER —FUFFAG, IF H2 Mok — AL 10 %AT 2% A IR 44k
o PRCTFBIRR BN IS 25, HIURAT A ZRAE SN BT — A% B
&0, JFHAES 25 LA 2 8 00 22 1 sy
o MRICTFHEH N AN L), BATAHE S NI — DR H B
# 0 IFAT, I AR — 2158 LA 2 e K e b2 H
BRI, A 2 PR I IEAT AR TRA R B R R 0 0 P A%, 7 0
R A AL 2
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54913 Fortran [f] 2 4% =

123456789 RrH

'$ interval=l*omp_get_thread num() / &

'$ (omp_get_num_threads()—1)

UTATI NS B TR A% P AR R OpenMP 414, 2R
Do i=1,100, !$ OMP_get_num_threads()

LR Py S

123456789 KA
!$ 10 iam = omp_get_ thread num() -+
'$ & index

#ifdef _OPENMP
10 iam = omp_get thread num() -+
& index
#endif
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SAE9m 1% Fortran H HIKS

PRASRE A 18, IFTAAL LA F A

o FRILAF RN A2 AT 4 1 4
o WITLAUERRIE LG 42He
o TRLATMITMBIFLIN & BATTERIRLEA A &, &
HR AT
W AL, AR F OB SRR R RO Bk,
F A LR
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ZAF91%: Fortran B HA%C

!$interval=lxomp_ get_thread_num() / &

!$(omp_ get_num_ threads()—1)

PRATIN S T IRRTIH A AR TR AR R OpenMP 2 F4i%, MR
Do i=1,100, /$ OMP_get_ num__ threads()

(S

LR PRy i

23456789
!$ iam = omp_ get_thread_num() + &
18& index

#ifdef _ OPENMP
iam = omp_get_thread _num() + &
index

#endif

2009 #




WAEFE A & (ICV)

WAERE AR R (ICV) Al B I T4 OpenMP FEPAT 4 AL+,
Lhinfrfig e fed. LRSS EE
o UM IFAT HLIr) A 7 428 )AL o«

CJ
CJ
CJ
CJ

o

dyn-var: #EIEEHIKIHT XGRS RVFSISTREREL. FES A ICV AIA.

nest-var: FEHIEME AT EUE S RVFIREIHT. #ES A ICV RIA,

nthreads-var: FEHEIRIFAT XM &RE. SES A ICV RIA.

thread-limit-var: #%HIfEFR KRS LR BMESILH A ICV FIA.
max-active-levels-var: $HlHKRE KHIE AT X0 R N8 BAMES I ICV R

o SUMAIA X kg 11 1) A AE P2 A2

CJ
CJ

run-sched-var: & HIAEPR DX S 0 4 B2 e o BT S5 A ICV A,
def-sched-var: &AL BRI S B Hemg . BEAMMESILH A ICV FIlA.

o SRR FPRAT I N AE P ] A2 1 :

o
o

stacksize-var: ¥l OpenMP S /LML IHERE (stack) IR/, FEAMESIH—A ICV A,
wait-policy-var: FEHISERFERKIEIT Y. BMEFIH —A ICV RIA,

B (T RETES 2009 4 12 H



S SRR A A 4 AR R )

-levels-var

omp set max_active levels()

levels()

WA AL R (B ESRIEEVEN RN I
dyn-var TS OMP_DYNAMIC omp _get dynamic() ZELW
omp set dynamic() -
nest-var TS OMP _NESTED omp _get nested() false
omp set mnested()
nthreads-var TS OMP NUM THREADS omp get max_threads() AT E X
omp set num _threads() T B
run-sched-var PMES OMP_ SCHEDULE omp get schedule() AT E X
omp_set schedule() T
def-sched-var G (none) (none) FATI 3 X
stacksize-var ENG] OMP STACKSIZE (none) PUTIN E X
wait-policy-var NG OMP WAIT POLICY (none) PUTINE X
thread-limit-var ENE] OMP _THREAD_ LIMIT omp_get thread limit() AT 2 XL
max-active ENG] OMP_MAX_ ACTIVE_LEVELS omp_get max_active EZaia

TERR

@ 4l OpenMP [HUT I WL, dyn-var NHIRIE TN & 3, #5004 false
@ max-active-levels-var MR NATIN ZHFIFATHONEH . HAE S5 T

TR IFIRISATI, ASRIOVIG IR T, JF&7E OpenMP #iisl APT FRFHHAT, 1) BE OpenMP SAS G K4

BT BT XS R N PR A, 2R AR OpenMP FREEAR BN AS AN S FE B2 I A 1142 . OpenMP S9N S HA

AT AT Y R A

2009 #




FAES5 I W AEFEHIAR 5 AR5 50

FAT S X H AW UH48 & dyn-var. nest-var. nthreads-var Al
run-sched-var H CHIEIA . 24— MESS S5 MBSO T SR AE—MES TR
AT, HP A ) AT S5 Ak AR IR L Ag . ]

omp_set num _threads().

omp_set dynamic(). omp set nested() il omp set schedule() fXfX
23 BB 5 HOH G IR 45 IX Sy A R il AR o

AT 2H57E schedule(runtime) FIFFFA TAESLZIXERIN, Py 20 g e
parallel X3 H AT 4% X 45 fF) run-sched-var W 20H [FIFERIME, & AT Ak
TIL TR}

BAR (T AT TL) 2009 4 12 H 26 / 85



BT API 717 TR LEEATIES
(none) omp _set _dynamic() OMP DYNAMIC dyn-var
(none) omp set nested() OMP NESTED nest-var

num _threads omp set num threads() OMP NUM THREADS nthreads-var
schedule omp _set_schedule() OMP_SCHEDULE run-sched-var
schedule (none) (none) def-sched-var
(none) (none) OMP STACKSIZE stacksize-var
(none) (none) OMP_WAIT_ POLICY wait-policy-var
(none) (none) OMP_THREAD LIMIT thread-limit-var
(none) omp set max active levels() OMP MAX ACTIVE LEVELS [max-active-levels-vz

sl i/ Y Epul
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FHAT45HM) . parallel Construct

i B DX 3P AR A AT IF HIRAT 2 mT AR E [
e C/C++:

#pragma omp parallel [clause| [, [clause] ...| new—line
structured—block

@ Fortran:

!$omp parallel [clause [[,] clause |...]
structured—block

!$omp end parallel

2009 % 12 H



JEATLE

!$omp parallel
write(x,*) "Hello"

!$omp end parallel

P T Tt i
1 1
1 1
| hread 0 ;
! . . thread 1
1serial region 1
1 1 E
1 1
1 1 X
! \ e
1 1 C
A H u
' I
1 1 1
1 1 (e}
1 — 1 n
1 . - X - N 1
' parallel region thread 0 thread 1 thread N, !
1 e 1
: write(*,*) "Hello"| |write(*,*) "Hello" write(*,*) "Hello" :
1 1
1 1




HATIRE B

!$omp parallel
write(*,*) "Hello"
!$omp parallel

write(x,x) 'Hi'
!$omp end parallel

!$omp end parallel

thread 0

J
P e e e Tl E
1 e
i aE
: hread 0 thread 1 e
i parallel region | Ve hread Ll
: 1
H Hello Hello v
0
: H n

:npsrerl parallel | thread 0 | | thread 1 thread 0 | | thread 1

1regions
'




TAEH =45 . Worksharing Constructs

TAFSL M S AR HAT B S5 F I SR v 73 TIC 5 AH QG X I ) 21 &4 26 7%
PAT . BRESPITEGA EAERATIES SO N RS S X k. 725
AN TARSLEZ N AR AT AT A2, ARAE TAE LS Dl 25 T 4
FrAEA nowait 240, SWENSHATIS . WA nowait, AT
B AL K25 208 I TAESLE IR R 8, RAPAT e b &5 i M 4fi S B
FEPAT T2 AT R e R AT B0, A TT ZE AT Il B
(flush) #4E. OpenMP & X T LA TAEI 51

o g M): loop structure

o HEEM: sections structure

o TAHATHIM: single structure

o [ EHLE4EHM): workshare structure
IKEL’:EIJ:

o [ AEIL=EIC I DA SN K P 41 N AR AT AT B BAR A AT 2]

o AN BRFAN LR AT 21 AT I = DI [R] 25 DX Il PR Iy 4 20— 550

Bl (HREFTEB A L)

2009 4 12 H 31 / 8¢



IR 45M) . Loop Constructs

(EEENAE AE (E1E R WE'E A WS P EP NN VEY S v s 1 RS K
e C/C++:

{#pragma omp for [clausel[,] clause] ... | new—line

for—loops

@ Fortran:

!$omp do [clause[[,] clause] ... |
do—loops
[/$omp end do [nowait] |

2009 % 12 H
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fRER LY

7

!$omp do,clause - - -
doi — 1, 1000

enddo

!$omp end do

!$0MP DO

parallel region

thread 0

do i =1, 100

thread 1

do i = 101, 200

thread 9

do i = 901,

1000

cooKE

O




IrERgER] . sections Construct

AN AR R RE AT ANTR] DX A PR AR
e C/C++:

#pragma omp sections [clause[[,] clause] ...] new—line
{
[#pragma omp section new—line|
structured —block
[#pragma omp section new—line
structured —block |

@ Fortran:

!$omp sections [clause[[,] clause] ...]
[/$omp section]
structured—block
[/$omp section
structured—block |

!$omp end sections [nowait]|




!$omp sections
I$omp section
write(x,%) "hello"
!$omp section
write(k,*) "hi"
!$omp section
write(*,x) "bye"

!$omp end sections

1
1
1
1
1
1
1
| E
H X
1 e
1 C
. u
‘ vt
W$OMP SECTIONS - f- ! (lj
| 1 n
H i rea ead 2 |
1parallel region thread 0 thread 1 thread '
, 1
: write(*,*) "Hello" write(*,*) "Hi" write(*,*) "Bye" :
. 1
. 1




BPAT S5« single structure

BEUIAOCACS ey — AN fE ORI i E 2 T, — bk
B AR AT
o C/CJrJr:

#pragma omp single |clause[[,| clause| ...] new—line

structured—block

@ Fortran:

!$omp single [clause [[,] clause] ...]
structured—block

!$omp end single [end clause[[,] end_ clause] ...|

2009 F 12 f 36 / 85



LR ARRESY BN

!$omp single clausel clause2 ---

!$omp end single end_ clause

thread 0 thread 1 thread N,

1 [ A — e J

1$0MP SINGLE ; e
1 X
i 1 e
i 1 c
parallel region i write(*,%) "Hello"|[.. ! 'Tl
1 .
1 1
1 lo

1
1$0MP END STNGLE I - n




TAEIL=2ER) . workshare Construct

B KRR 3 AR D 0 36 TE LSRRG RRAAAT . AVIFD 367 1
A LR AT— X
o C/Ct+: ASZFrIL OpenMP F54

@ Fortran:

!$omp workshare
structured—block

!$omp end workshare [nowait]

= S

structured-block 75 ZL AL LA T 254
@ HAl

bt e

forall i)

forall 44

where &)

where 4514

atomic £5H4

critical 4514

parallel 54

critical £5#) P N IR AW AZ ILRR I, parallel 458 N TEAIAZ
SRR

060666666
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&I AR =45

BRI I G Se b ERAETHT G R IR E I S M 1) — M REE S

o RER R AR — A TAR G BADA T, AR I E R
FATIRW . HREIFATICR G SOVE SR IFAT S5 AN AR L= S e
VRIREE S8 WRE) P S AT IFAT G BT AR 4 BT A AT 4 1
SR AT AT B IFAT IE A A 5 LU 454

o FFATHRIA &I

o FFAT I BRETH

o JHAT TAEIL 4
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FATIEIA G584 : Parallel Loop Constructs

AT AR S MR 0TS A S A e — AL 74T
o C/C++:

{#pragma omp parallel for [clause|[,] clause] ... | new—line

for—loops

@ Fortran:

!$omp parallel do [clause [[,] clause] ... |
do—loops
[ /$omp parallel end do [nowait] |
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FHAT 45 M) parallel sections Construct

FEAT o BREHTR W 5 AR R AS [ DX ) AR A A R e RE AT AT
e C/C++:

#pragma omp parallel sections [clause[[,] clause] ...] new—line

{

[#pragma omp section new—line|

structured —block
[#pragma omp section new—line
structured —block |

@ Fortran:

!$omp parallel sections [clause[[,] clause] ...]
[/$omp section]
structured—block
[/$omp section
structured—block |

!$omp end parallel sections [nowait]
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£R
QIBEBT

FHAT LAFILEESEM) . parallel workshare Construc '

AT TAR I G 3R WIAR S A B 73 AN 7] ) BT DL AN [ e AR 0T
ITHAT, AR TR B — &R AT — Ik
o C/C++: AZFrIk OpenMP 54

@ Fortran:

!$omp parallel workshare
structured—block

!$omp parallel end workshare [nowait]

= S

structured-block 7 2 &2 PL R 44
@ HAl

bt e

forall ifif)

forall 45

where i)

where 4514

atomic £5H4

critical 4514

parallel 54

critical 4544 FP B A TE AR ZBL IR, parallel 45 s B AT R) AR
LEFR -

060666666
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45458 task Construct

AT 55 A Ky 52 SC— A RT3
e C/C++:

#pragma omp task [clause[[,] clause| ...| new—line

structured—block

@ Fortran:

!$omp task [clause [[,] clause] ...]
structured—block
!$omp end task
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JeE 2 Gl R M [ 20 &5 4

Jie G R AE)  G5k E BE DLR 454
o JEE45H): master construct
o IImFL4sM): critical construct
o SifE4EH): barrier construct
o 4555445 taskwait construct
o JEF45HK): atomic construct
o T 45#): flush construct
o HHF45HK): ordered construct

Bl (HREFTEB A L) 2009 4 12 A



JiE 1 45HM): master construct

e LRI G T B AT CEEED T
® C/C++:

#pragma omp master new—line

structured—block

@ Fortran:

!$omp master
structured—block

!$omp end master

AR (TR 2009 % 12 H



Je T4k ]

!$omp master

write(x,*) "Hello"

!$omp end master

P T T T T T T T T T T T T T T T T T T T T T T EEEE e a

1 r 1

1 hread hread hread ! 1

th 10 th 11 tl 1N,

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 s H 1
1$OMP MASTER  |---ucooo- A . ) S - 1 ;
1 7 e
1 H 1 X
1 1 e
1 1 C
i parallel region [write(x,*) "Hello" ! lrl
1 1 .
1 1 1
i ; 1 0
! -, 1 n
1! $0MP END MASTER|.---vcuemapanaannnns Y S S . - 1

1 1

1 I 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

L

( 2009 #




A 4584 critical construct

i F 5 Ry 41 W] 2 R RAE 7] I [) L AT N EeRE kAT
e C/C++:

#pragma omp critical [(name)| new—line

structured—block

@ Fortran:

!$omp critical [(name)]
structured—block

!$omp end critical [(name)]

ol (HREPTIES 2009 4 12 H



!$omp critical write_ file
write(1,x) data

!$omp end critical write_ file

thread 0 thread 1 thread N,

SO~ E0m KT

1

1

1

1

1

1

1

1

1

1

'

1

:!$UMF CRITICAL - - :
1 1
1 1
1 1
1 parallel region | write(l,#) data |!
1 1
1 1
1 1
1 1
1

2009 #



EF[%%W: barrier construct

B SE K Fe WA A T Rk, BN AL N T AR s AT RS
TR
o C/CJrJr:

‘[#pragma omp barrier new—line

@ Fortran:

[ !$omp barrier
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F m e o e e e e e e
H ====A
I - - ' !
! thread 0 thread 1 thread N, |
H 1
H 1
H 1
H 1
H 1
H 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
1 parallel region :
H 1
H 1
H 1
H 1
VISOMP BARRTER  |evnrnnreieneenennfbonnrennns H
e R (ARt f St Rreh el el bbbt ety 1
H 1
. 1
! 1
, 1
, 1
, 1
, 1
, 1
, 1
, 1
' 1
e e 1

_____________________________________ 4
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P e &5 ) i LA R
VER: barrier W ZIAEFTA L FE I [FIAE N T

]l

LR 25
1$omp critical
'$omp barrier

1$omp end critical

'$omp single
1$omp barrier

1$omp end single

1$omp master

1$omp barrier

'$omp end master

iéémp sections
ié(')mp section
ié(-)mp barrier
iéc')mp end section

1$omp end sections
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4515 4584 . taskwait construct
14k

FE55 S5 A S5 MR W 75 2 B AW AT 25 T 46 3k 75 S5 A 7 AR 1) A 45 58 1k
° C/CJrJr:
[#pragma omp taskwait newline J
@ Fortran:
‘[/ Somp taskwait J

o (e 2009 % 12 H



JR 1458 atomic construct

Ji - 5 K6 T A DR B I A7 DX SOn) SR B AR R AT B B8, AV L
FRIR 2 2P HAT S AR, 8 b A I 2 A e AR X LA b AT S
® C/C++:

#pragma omp atomic new—line

expression—stmt

@ Fortran:

!$omp atomic

statement

24451«

I'$omp do

do i = 1, 1000

!$omp atomic +
a—a+ i

enddo

I'$omp end do
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WEr 4544 . flush construct

ILHT G AR AR AE 1 A2 B AT AR BT R L ORI LR B N o 3 4

A RAE A A 05
o C/CJrJr:

‘[#pragma omp flush [(list)|] new—line

@ Fortran:

[/é?omp flush [( list )]

Bl (HREFTEB A L)
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ﬁ Eﬂ:é:nk*@: ordered construct

APy SR 3R WA 45 K T S5 R B R AT 42 B A R IE A, Rl it
SERIP HATIBY, I RVF AR HZ A AR T LI AT AT
o C/CJrJr:

#pragma omp ordered new—line

structured—block

@ Fortran:

!$omp ordered
structured—block

!$omp end ordered
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I$omp do ordered
doi =1, 100
block1l
!$omp ordered
block2
!$omp end ordered
block3
enddo
I$omp end do

e
i thread 0 thread 1 thread 2

|

{!$OMP DO ORDERED | --- ===~ ---=---- N Lo B RTEEEeS
.

H blockl blockl blockl

i

T PRS0 | EEREEEEEERTRIPRPRRS || EEPRRTRE
i

. block2

I

i
e N
i

1 parallel region block3 block2

i

1 I
i

i

i block3 block2

I

i

1 1
i

H block3

i

V'SOMP END DO [----mooo e e B EARREEE LR
i

i

i
P P

SO erEa® K




2R A 5 | AR B () s 3 e A

ghify | AR S AR L E v oA Te wee 1. EoR e ek
EWZ— B G F P firstprivate. lastprivate B¢ reduction Z4(
B o SR g i AR s R R g T H 7=, IR sy U R
e C/C++:
o threadprivate f§4f5 IR S LA A1
gf Ke R AN B I A B B A R I AR R R T
BAYE A7 1 AR R L
FRA AR B R A
RELI for JHHEL parallel for JEI G IR EAAL HEFAE M)
ANEA T8 B PR B O R
o HEKrR RSN B I ER S R LR
@ Fortran:
o threadprivate f§ 25 B S A common B &L FEFAAT 1)
o KIKM do IR parallel do JGH 45k 1 IR IEARAR & & FAH 11
o parallel BY task &5 PG A G PRI A QAR F A 5 PR A A1)
N LR R AT
o 3 do 1 forall HIRFIEFA )
o Cray FrEF4k AL OCAAAig £ P L =2 Jm vk

¢ € ¢ ¢ ¢
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BE I m R

bR TAELL NI, B e SO L 8 PR AR VR (R A 3
ZRRIESHP AN, WXL E, EEARILE B S H D vyt
—SeFE AR, I HR O LA 5 () P AR L R .
o C/CH+:
o for fFIREY parallel for IR EER) T FIE IR IEACER /B 0] LLLE private
oY, lastprivate ZHH 4 71] HH
@ Fortran:
o do fE¥EL parallel do fEHE5H T IEFAEARAR B 0] LAFE private 5%
lastprivate 4 # 51 HH
o parallel BY task 454 TG ER (G IREARAL & 7] LAFE private.
firstprivate. lastprivate. shared. B reduction Z¥(H %51, I HAE
B I R sz e IR BRI
o fEUE R/ T LULE share ZEUT 251 H
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ISES- 6 TR RN ]

BA B A e siia X vhoe e L m e A i
o HAT A vuE ML= JE M AR AR MR TE— M40 18 I 45 46
51 9 HAE e g5 /A i B I = S 50 h B 41 (A i
o HAARK e M L= Em R IR IS A — D e I 458 Th
I, HEAREIC Yo BRI = Em b, I R e g h &
HZ RS Eh Y AR &
Fa X e B L E RO G
o {r parallel B task &5#4rh, WIRAFLE default S48, MAIXLAT &
I e B B default S50k 2
o 7E parallel Z5#), WIHEA default S8, P4 X LeAR & & Z Y
o XA task MK UL, WHRBA default Z4, IPAIXLA
b o Il A R 2§ Ve TRy e
o 1F task &M, WA default ZH, IALETH B G5k FH—
2 e N I E] ) parallel 45 1) H AR & 4% v g A 1
o 1F task &M, WA default %0 H A L2 |\ M 5A # Lk
W, HBAAF &2 firstprivate )
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D3t = £ ) v 0 e 3 AU

e C/C++:
o TR HI 7R o 7 WY P i AR R A B DX B e AL = )
o ANEAT L) AR A HATRAR R -1 R e v 75 B 1 £ B o 003 B L= 1)
o FRAEZEAE threadprivate 84 1 L, A5 Wb A48 8 H 5~ F2 e

5 IR SCA 9 R o 44 2 [ P AR e AL 1)

o HATHESMFCAF it AR R L= )
o [RARJELE threadprivate fi§ 2 H 1T, 75 i A Hicdhs il D L2 1
o DXl A FH 5 R PP A 5 | A% 368 9 1 X 2 B b AR ORI 1 S B 2

B A S
o Xk B TR e AR E ST
@ Fortran:

o DX A U T TR R RS B A MO AR AT save B, BB 4R
WA, HORTE threadprivate 3544 L AS B2 4L 52 (1

o X P FREFH 5 H 1 common HEE module H 1) 74% 4 1L
EH), BRAEZETLE threadprivate 54 H I

o DXAEHR A H FRE P NG G S Bl L 5 AL, Ak kRS
Z RIS i 2 0 ) s e = e

o Cray FREF kAL ICHAAE B L )8 1

o XIErh i TR I Ba = do AT forall 5| M 5 B H e A Hh AR
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threadprivate 54>

threadprivate 5445 W48 & & LR FAA 1)

e C/C++:
[#pragma omp threadprivate(list) new—line J
@ Fortran:
‘[/ $omp threadprivate(list) J

R (T REITRBELL) 2009 % 12 H



threadprivate 54 &7~

real(8), save :: A(100), B
integer, save :: C

Shared memory

!$omp threadprivate(a, b, c)

thread 0

serial region

Shared memory

thread 0 | [ thread 1 thread N

parallel reg. 1

a=0 a=1 "] a=N

thread 0

a=0
; [P S

! Shared memory §!
1 1
[ o o |thread O | |thread 1 hread N 1
iparallel reg. 2 '
' '
! a=0 a=1 a=N '
' '
' '




B E RIS

o default: BEEBIANIILE 30
o C/CH+:

[default (shared | none)

o Fortran:

{default(private| firstprivate | shared | none)

@ shared: ZEFEit=
@ private: ZRFEFAAT
o firstprivate: ZRFEFAE, HAE N FFUG b g Ay Ik MR 4R A% 4k K (1)
o lastprivate: ZRFERAAT, FFEAE LIk 4f o iy 5037 I 4 4% F 1A
o reduction: 5 BN AR AT I LAk
Q C/C++:
[reduction(operator: list ) J
o Fortran:

reductlon({operator | intrinsic_ procedure name}:list)
s
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BB

@ copyin: {EFMAT parallel Z5FIf, K FELFERLREFAA R EEE
g P e 2efs

[copyin( list ) J

@ copyprivate: FEHE—FIALH AT LK B AT 55 20 PR BE 0 SEA FAAT AR
HIME) HE25 IE parallel 58 i i 2 e B 4 55

‘[copyprivate( list ) J
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Zefe

[+

RERH W

TAELZE IR IR E B A TR, B3 task. criticals
ordered EY, master [X 1%,

barrier X A A MR E S AE TAEE, B3 task, critical.
ordered EY, master [X 1%,

master XI5 A] AT 9 IR B R TAE I8 5 task X 4

ordered X 3k n] BE# ik B d} A fE critical BE L task [X 4k

ordered X I DAZHY 1k 23] PAIAE AT ordered ZXEUIMIAG A X S8 HAT
TIEIAR DX

critical XS IRE (B PAIEILED 78 BAT [FIAE 4 11 critical
XA, BRI IF AN 78 43 BE BT 1k — AN
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o C/CH+:
FESK A omp.h HE SC, HEICHRRE ST
JITA7 OpenMP JF2 /7] Js 2L
e omp lock &M
e omp nest lock t2RHY
o omp sched 287

©

@ Fortran:
P F77 (353044 omp lib.h A1 F90 ) module X1 omp lib, 5E
X7

1 OpenMP FFEfFHIH: 1

integer parameter omp lock kind

integer parameter omp nest lock kind

integer parameter omp sched kind

integer parameter openmp_ version

©

¢ ¢ ¢ ¢
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PATHEE FRE P

©

© 6 6 6 6 6 6 6 66 666 6 6 6 66

omp set num threads: B 'EZFEEL

omp_get num_threads: FREXZEFEEL
omp_get max _threads: FKHUE KBEFEAL

omp get thread num: ZREUEFES

omp_get num_procs: FRHUALEEZSEL

omp _in_parallel: H|Wi&7E parallel [X Ik
omp_set_dynamic: B E & RVFEIA TR
omp_ get_dynamic: FRHUE T RVFEIA TSR AL
omp_set nested: WE & ARVTIRE

omp_get nested: IRHUE RVFIKE
omp_set_schedule: & i f 5

omp_get schedule: R Mg

omp_get thread limit: FREUFET FLVF I KL 4L
omp_set max_active_levels: W& fVFE AR E WG K221

omp get max _active levels: FRHUSCVFE KIRE TG 1241
omp_get level: SRECUATHRE parallel X512 2%

omp_get ancestor thread num: ZRHUSCZFEEE YATLRE S
omp_get_team_size: HRHFEIRESJZ G SCEC Y T e AR VR I A 2 4L
omp_get active level: SREUKEMITEER parallel XI5
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@ OpenMP E1T B & — KA LT THIEWB R, WU TRPSE, X
LEBi R P ERE AL H] OpenMP 48 8% 7R 1] OpenMP . OpenMP
HEEHOX LR P A H AR AFE OpenMP 81 7 XA BE A

@ OpenMP % 7] F uninitialized. unlocked &% locked JRZ&. W—AMiE
unlocked K7, —AMEL T BEE LN locked RFS. W B ILBUIAT 55K
P BEB, P BEBAT S vl E BN unlocked RS . —MES EAL
J& T 53— MBS BUE TCVE R IR .

o OpenMP SCHF PRI IB: F VBRI T Bt ol HAsB T A
(L5 TR L T AR SR T 052k 0 8 1k
RGBT, (Bt 5 MBI, FLI A48 S B PR
AT HRAS B 1 T WS, EL PR 48 W A B T R

o FAMBUT R RAEIR I BURAS AT # MO0 L TR Y iR . i
BT, S R IO1T SR AR .

o OpenMP 8 7R FFHAF BV IS DL F 7Rt A7: S R A BRI 7
B LB AT (L., BT & BB (flush) JLRE: AHXSERE LA
R BEIURS 7 05 A AT 5 T Catomic) BB ARSI, R %
OpenMP 4 4% 1 i 4 R BE B AR LA R RAT 4 Fh Bt
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omp_init lock: HJUiAL ] HL48H

omp destroy lock: 45 ] F4N

omp_set lock: ¥ B fiij FLA

omp_unset lock: &4V ] HL
omp_test_lock: MR8, a0 SRAE/E T

6 & 6 6 ¢
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R i

omp init nest lock: #JUHALIRES

omp destroy nest lock: 455itkE B

omp set mnest lock: W EIKEM

omp unset mnest lock: EA7IKEH
omp_test_nest_lock: MHAKED, 0 RAFLEN B E

6 & 6 6 ¢
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omp _init lock AT omp init nest lock

3 A A ) ERLABURT i 2 Bt
e C/C++:

void omp_init lock(omp lock t xlock);

void omp_init_nest lock(omp mnest lock t *lock);

@ Fortran:

subroutine omp _init_lock(svar)
integer (kind=omp lock kind) svar
subroutine omp init nest lock(nvar)

integer (kind=omp nest lock kind) nvar
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omp _destroy lock A omp destroy nest lock

5 931V B8 ] PR BB 5
e C/C++:

void omp_destroy lock(omp lock t xlock);

void omp_destroy nest lock(omp nest lock t *lock);

@ Fortran:

subroutine omp _destroy lock(svar)
integer (kind=omp lock kind) svar
subroutine omp destroy nest lock(nvar)

integer (kind=omp nest lock kind) nvar
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omp_set lock FT omp set nest lock

G 930 v L ] PR BB 6 5
e C/C++:

void omp_set lock(omp lock t xlock);

void omp_set mnest lock(omp nest lock t xlock);

@ Fortran:

subroutine omp_set lock(svar)
integer (kind=omp lock kind) svar
subroutine omp set nest lock(nvar)

integer (kind=omp nest lock kind) nvar
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omp_unset lock fl omp unset nest lock

5 3 SAN ] PR BB 6 5
e C/C++:

void omp_ unset lock(omp lock t xlock);

void omp_unset nest_lock(omp nest lock t xlock);

@ Fortran:

subroutine omp unset lock(svar)
integer (kind=omp lock kind) svar
subroutine omp unset nest lock(nvar)

integer (kind=omp nest lock kind) nvar
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omp_test lock FT omp test nest lock

53 R fr PR R B, SR A W R
o C/C++:

int omp test lock(omp lock t xlock);

int omp test mnest lock(omp nest lock t xlock);

@ Fortran:

logical function omp _test lock(svar)
integer (kind=omp lock kind) svar
integer function omp test nest lock(nvar)

integer (kind=omp nest lock kind) nvar
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I [8] 1A 7

ST I 25
o omp_get wtime: ZRHX LIRSy HAL 1) 24 Hir I 1)
o C/C++:

[double omp_get wtime(void);

o Fortran:

[double precision function omp get wtime()

@ omp get wtick: ZREUTFIT &% HINGE
o C/CH+:

[double omp get wtick(void);

o Fortran:

[double precision function omp get wtick()
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I 18] -5 PR 45 1

) s 6] B 500T AVE SRS e v R B v E A 2l 1) B ]
® C/C++:

double start, end;

start = omp__get wtime();

. work to be timed ...
end = omp_get wtime();
printf ("Work_took_%f_seconds\n", end — start);

@ Fortran:

double precision start, end
start = omp_get wtime()

. work to be timed ...
end = omp _get wtime()

print %, "Work_took", end — start, "seconds"
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M5 A B A] DL ] OpenMP FEF-HJIs 1T

e OMP_SCHEDULE: ¥ '# run-sched-var P7EE 148 5 DL HIIZ 1T
W EERBIRIIEAT RN, A4 staticy dynamic. guided B¢ auto

e OMP_NUM_THREADS: # & nthreads-var W ZE#HIAS A B

e OMP DYNAMIC: #'% dyn-var P ZE45 AR & DL B S 15 SLVFE)
B

e OMP_NESTED: %% nest-var N ZEFHIAN & Lk B2 5 R VFRE

@ OMP_STACKSIZE: % & stacksize-var P 7EF 4R & DL sz B HEFR
KA

e OMP_ WAIT POLICY: ¥ & wait-policy-var P 7EF AR & DL
IERC e X E

o OMP_ MAX ACTIVE LEVELS: #%'# max-active-levels-var P
FEFR AR B DA E SOV ) d K S AR 0 R DR A T X 4

e OMP_ THREAD LIMIT: %' thread-limit-var pA{E4 48 & LA
BCEAE OpenMP FiF7H L VFIR B KERE 53 F14L
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B B JTVA

it EAERE BT AN E, ity n B AR, BUR LR
W shell "N BB 7%
@ csh:
setenv OMP SCHEDULE dynamic
@ sh. bash. ksh:
export OMP SCHEDULE=dynamic
e DOS:
set OMP _SCHEDULE=dynamic
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OpenMP 5 MPI 185 H47 4

MPT JFAT RS Py 8 1T LU OpenMP JfAT 2 AR LR ST UEAT JFAT U
S B R NI E AR, TR AT AT R R S

program main

use omp_ lib

use mpi

implicit none

integer, save:: iErr, MyID, NumNodes
integer i, j

call mpi_init(ierr)

call mpi_comm _rank(mpi_comm _world, MyID ,iErr)

call mpi_comm _size(mpi_comm _world, NumNodes, iErr)
printx,'MPI: _My_ID:_', MyID, ',_Number_of_Processes:_', NumNodes
I'$omp parallel

i=omp_get num _ threads()

j=omp_get_thread _num()

printx, 'OMP:_Thread_Number:', j, ',_Number_of_Threads:_', i
!I$omp end parallel

call mpi_ finalize(ierr)

end

S
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OpenMP #£J¥7E Unix/Linux )47

7t Unix/Linux “V- & N W GCC. Intel. PGI w5141 7 24

o C:
@ GCC: gcc -0 prog-omp -fopenmp prog-omp.c
@ Intel: icc -o prog-omp -openmp prog-omp.c
o PGI: pgcc -o prog-omp -mp prog-omp.c
o C++:
o GCC: g++ -o prog-omp -fopenmp prog-omp.cpp
@ Intel: icpc -o prog-omp -openmp prog-omp.cpp
@ PGI: pgCC -o prog-omp -mp prog-omp.cpp
@ Fortran:
e GCC: gfortran -o prog-omp -fopenmp prog-omp.f90
o Intel: ifort -o prog-omp -openmp prog-omp.f90
o PGI: pgf90 -o prog-omp -mp prog-omp.f90

o YuiFa e MEAIRA T 46 32 FF OpenMP 1, Wi GCC M 4.3.2 FF4H
o X} OpenMP 5 MPI R &4 FIFET, B g i3 iy 2 e Aot MY 11
MPI 4 i1y 2 B A]
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Unix/Linux iz qT

1247
@ csh. tcsh:
setenv OMP NUM THREADS 8
prog-omp >log &
@ bash. ksh. zsh:
export OMP NUM THREADS=8
prog-omp >log &

o X} OpenMP 5 MPI &L MR P HI#AT, HER'E OpenMP
EiAr i H MPI R iz 7y g 7RI mr

o REZBMH ARG XM REE RGE Y, i /b
FERGKIEATVEN, TS E N N B R 5T it
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1

S

B fpar/P + (1 - fpar)
Amdahl ZH#, LT P 2T, fpar AFTIFAT IR ERATIN A
(1) T SN TR] PR ¥ 40 B
BB foar = 80%, H4 16 Rl 32 i KIIFEAT R L2 /D2
0 16 #: 4
o 32#%: 4.4

RO g2 AT, Rl AR i
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G Bh A

o FEFPERESHT:
o Intel VTune:
http://software.intel.com/en-us/intel-vtune/
o AMD CodeAnalyst:
http://developer.amd.com/cpu/CodeAnalyst/
o FEFFURBSEE K I3 H -
@ Understand:
http://www.scitools.com/products/understand/
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http://developer.amd.com/cpu/CodeAnalyst/
http://www.scitools.com/products/understand/

o HEBIHE A AL
o ET: http://scc.ustc.edu.cn
o HiIfi: 0551-3602248
o {E4f: sccadmin@ustc.edu.cn
o HHEITEF 0
o HHIEW: http://124.16.151.186
o ¥k 4: http://scc.qibebt.cas.cn
o HLIf: 0532-80662613

o f5%f: sccQqibebt.ac.cn

o FT: http://staff.ustc.edu.cn/~hmli/
o HiIfi: 0532-80662613

o f5%6: hmliQustc.edu.cn. lihm@gqibebt.ac.cn

XA R R AN SO L
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