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. WHMET OB LD LRIE (R7—1 5
Tparallel = (S+ P/n) Tserial + O

n = number of processors

Tserial —

s % P/n Speedup = Tserial /Tparallel
=1/(S + P/n)

i

T0O455L0OBERILIBER 5
(R FIANIER) BB DBBRABE |

BlZ 1L, n==, P=0.5 DiFE
Speedup=1.0/(0.5+0)=2.0
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.71&9.—11/0)5*3“ Tserial = (S +nX P) Tparallel

R =] — > -
ERATOHEDOREN—ETHAHLZERE Speedup = Teeriar / Tparaltel

=(S+nxP)

Bz (L. n=16, P =0.5 DIFH
Speedup =0.5+16x0.5=8.5

@ X47Y>MiER|( Gustafson-Barsis* law)
W HNEBCIEEBEORIECEEERN TRy a7HICHE
PILTKRELGY , ZDOAFHEMIZZFEROLEE S (CRELLEL

CEERE
;;Aﬁ—»w;ﬂuwmm\«smuw%m\un“:aﬁﬁx
? ]

A RSB EF RRRICKELEHRAHS

Tparallel = {S + P/n} Tserial +0

Speedup = Tserial / Tparallel
=1/(S +P/n)
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Virtual Flight on High-Performance Architectures

M. J. Aftosmis, S. M. Murman, M. Nemec, NASA Ames
SC2004,Pittsburgh, PA, Nov. 6-12, 2004

Graphics courtesy of NASA Ames
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Cluster OpenMPAE!)ET )L

o JOERXMTOpenMPRAL YRR T HERTBHEHIL. 'sharable’ &
MELTIET
- BEDOpenMPOEET—ANEETIX. TAEAMTHOT—2HEEITHEX
HWNTRERATOT—2OEEFEEZES
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Process 0 ZFL X224

Cluster OpenMP I"Eé#;ﬁéﬁ—ﬁiﬂ Cluster OpenMP
HEAEY o= HAEAEY
DHERF
e | R S e —
HB/AEY LB/ AEY
Private Private
Memory Memory

Process 1 ZFLRAZEM]




'sharable’ Z2{ODE =

« OpenMPD3I§RAI T, 'shared EIERESNBEHOEFINDIEHR
[E. SD ‘sharable DEENE (F=1=L. T7AMILRA U FGEDY
AT LHMERT HEHILERS)

« ‘sharable DEEMNVELGERICET HIEHIE. A/ ASFFDAY
T—DEL T, HERLARE

{5) —clomp-sharable-propagation 77> 3> D$EE
ifort —cluster-openmp —clomp-sharable-propagation —ipo file.f file2.f
fortcom: Warning: Sharable directive should be inserted by user as
‘Idir$ omp sharable(n)’ in file file.f, line 23, column 16

e T—7AM'sharable’ EE (L. AV /18 RITTHEH
#pragma intel omp sharable(var) Il C,C++
Idir$ omp sharable(var) I Fortran

15
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'sharable’ Z2{ODE =

A)oFILa—k AV INASH T3y AVINASHTavé
EE0)
"sharable’ Z#NDES
common /blk/ a(100) |-clomp-sharable-commons | common /blk/ a(100)
Idir$ omp sharable (/blk/)
real a(100) -clomp-sharable-localsaves | real a(100)
save a save a
ldir$ omp sharable (a)
module m -clomp-sharable-modvars | module m
real a(100) real a(100)
ldir$ omp sharable (a)
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BH1:H95X420penMPZ 05 5 Ll

#include <omp.h>

static int x;
#pragma intel omp sharable (x)

sharableTALYT4T TAVIN(S
int main() [CE#xIEDVSMEIZELEITHIE
{ BoEWCEEETT S
x =0;
#pragma omp parallel shared (x)
{

#pragma omp critical
X++;
}
printf ("%d should equal %d¥n", omp get max threads(), x);

}
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common/storage/ x(2*nk), gq(0:ng-1), qg(0:ng-1)

data dum /1.d40, 1.d40, 1.d0/

'dir$ omp sharable(/storage/)
'dir$ omp sharable (sx,sy)

!Somp parallel default (shared)
'Somp& private(k,kk,tl,t2,t3,t4,i,ik,x,x1

do 1151 =0, ngq -1
qgqq(i) = 0.d0
115 continue

!Somp do reduction (+:sx,sy)
do 150 k = 1, np
kk = k_offset + k

SxX = sx + t3
sy = sy + t4
endif
140 continue

150 continue
!Somp end do nowait

sharableT 4L o747 Ty

INTIZZE#xIZDVSME|Z
WA b (A b A Y AN A
=N )
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JO5 S LDV INAILEETT
a8 JLEEIZ. Cluster OpenMP TR i 51| AL A 35 TE

$icc —cluster-openmp test.c

$ cat kmp_cluster.ini

--hostlist=rufus,dufus --processes=2 --process_threads=4
$ a.out

8 should equal 8 ETEI7AIL kmp_cluster.ini [ZFIFET

520N/ —F#EEL. &/—FLETH

B350 #LE&TaRAHI=YD
ALYFHEIETET D, cOGEICIE. &
HET.8ALYFTOHFINIEB LS,
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Cluster OpenMP A4S LMa /(L&

E1TH

$ cat -n cpi.c

#include <omp.h>
#include <stdio.h>
#include <time.h>
static int num_steps
double step;
#pragma intel omp sharable (num_step
#ipragma intel omp sharable (step)
int main ()

WooJdJoUud WNR

{

10 int i, nthreads;

11 double start_time, stop_time;
12 double x, pi, sum = 0.0;

13 #pragma intel omp sharable (sum)
14 step = 1.0/ (double) num_steps;
15 #pragma omp parallel private (x)

IIRSMART —EDER

///0penMPRITHEAIFEUH L
1/ DIE=HDAIFTT7LILDIFTE

OpenMPR1THEE

OpenMPH I I TOTS L
7/ HMiBIRITHEIRDERE

16 {
17 nthreads = omp_get num_threads // RITEEABICKIALYFHONE
18 #pragma omp for reduction (+:sum) // “for” T—ULTTHEX
19 for (i=0;i< num_steps; i++) { // private&reductionifRA
20 x = (i+0.5)*step; // DIEE
21 sum = sum + 4.0/ (1.0+x*x) ;
22 }
23 }
24 pi = step * sum;
25 printf ("$5d Threads : The value of PI is %10.7f¥n",nthreads,pi);
26 }
= . AV IILEAYE—D
$ icc -cluster-openmp -O -xT cpi.c <—
cpi.c(18) : (col. 1) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.
cpi.c(15) (col. 1) remark: OpenMP DEFINED REGION WAS PARALLELIZED.

$ cat kmp_cluster.ini
--hostlist=node0,nodel --processes=2 --process_threads=2 --no_heartbeat --startup_timeout=500

: The value of PI is 3.1;“ ﬁ@]%?‘?ﬂﬂﬁiﬁo)gﬁ'ﬁ

$ ./a.out
4 Threads
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Cluster OpenMP TR EE &

!Somp parallel 4.0
!Somp& default (shared)

'$omps private (i, k,rijqd pot i RPIHM

pot i = 0.0
kin i = 0.0

'Somp do 3.0
do i=1,np

! compute potential %Eeragﬁ
f(1:nd,i) = 0.@O
. o
do j=1,np o 2.0
if (i .ne. j) tBen
call dist(nd,pcsg(11jf)
! compute kinetic energy
kin i = kin i + doldb
enddo
Somp end do 0.5
'Somp critical
kin = kin + kin_i
pot = pot + pot i
'Somp end critical
!Somp end parallel

d

(nd

d

/_ B Cluste

A

Cluster OpenMP(X., YV 2r T 7 EIE, ‘NUMA D

BREGEDI=6 . EEESNDHAEDIZRIEETDT
DERICEST, HRENKRSKEDYFET,

forces

os(1l,]),rij,d)

[ vel

,vel

ALYF#
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Cluster OpenMP*

User’s Guide

Version 9.1

Copyright ® 2005-2006 Intel Corporation
All Rights Reserved

Issued in USA.

Document Number: 309076-002 US

World Wide Web: htip://developer.intel.com

White Paper

Leap ahead”

e Extending OpenMP*

‘Senior Staff Softwere Enginesr
ntel Corporation

to Clusters
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« N—FKHIT7OHME
« SRERIIEHRVT Y FOEERIET XTNUMA
T—XTI7F¥

« OpenMP 3.0')1)—X
— NUMAX LD LR L

— 774 =T« &8

s TRADEERUVFAEALY FEIT
DEE

OpenMP 3.0: The World is still flat, no support for cc-NUMA (yet)!
http://terboven.wordpress.com/category/openmp/
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MPI/OpenMP/\NA 1)y KETIL

. MPITIXEES S & DEREE T DL HINEE T S

« OpenMPlE, EMPIZ XV NT, IL—TDHMFLLGEED K YHAIET

D H{E 748 5

« HEIZ. 3 RYV-ALYy FOEEELELZED
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MPI/OpenMP/\NA J1) vy ka—Fk

« MPITHiFEEINI=7 T ) r—3 3 2IZ0penMP T itiF|{k %15

« MPLEIELOpenMPTD I —o 7 #FEBLTHERVUSINIED

%IE Fortran

include ‘mpif.h’
program hybsimp

call MPI_Init(ierr)
call MPI_Comm_rank (...,irank,ierr)
call MPI_Comm_size (...,isize,ierr)
| Setup shared mem, comp. & Comm
ISOMP parallel do

do i=1,n

<work>

enddo
I compute & communicate
call MPI1_Finalize(ierr)
end

C/C++

#include <mpi.h>
int main(int argc, char **argv){
int rank, size, ierr, i;

ierr= MPI_Init(&argc,&argVvl[]);
ierr= MPI_Comm_rank (...,&rank);
ierr= MPlI_Comm_size (...,&size);
//Setup shared mem, compute & Comm
#pragma omp parallel for

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

<work>

}
// compute & communicate
ierr= MPI_Finalize();
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OpenMP/MPI/NA T KETIL
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- OpenMP®D 704 5 LICMPLEE ZEBN

« BETEDOOpenMP 7 O4 S5 LDIRENLA Ly KTOT S LOFRMERBOA T 3
> & LTER

« MPIIEEBIZERF-mBIEINF-T—2BIEZATS)

Fortran C/C++
include ‘mpif.h’ #include <mpi.h>
program hybmas int main(int argc, char **argv){
int rank, size, ierr, i;
ISOMP parallel
#pragma omp parallel
ISOMP barrier {
ISOMP master #pragma omp barrier
call MPI_<Whatever>(...,ierr) #pragma omp master
ISOMP end master {
ISOMP barrier ierr=MP|_<Whatever>(...)

}

#pragma omp barrier
ISOMP end parallel
end }
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TITVr—23 IS D0TIE, fdDx86 AT L E100%D
INAF V) B xR

NKF B EMD]I iniivre 4 Z KIFEF 9 —<,a>,MEIEBETIakt

Application A Application B Application C

Operating System

Hardware Hardware Hardware Hardware Hardware Hardware
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OpenMP/MPI//NA T 1) v K

I_berld OpenMP MPI Benchmarkpro JeCt This is the Hybrid OpenMP MP| Benchmarkproiject (‘homb”)

Thls project was registered on SourceForge net on May 16, 2009' :
7” ” " fA -
("homb”)

HOMB is a simple benchmarlﬂoase ®

solver aimed at comparing the performance of MPI OpenMP, and
hybrid codes on SMP and multi-core based machines.
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