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static long num steps = 100000;
double step;
void main ()
{ int i; double x, pi, sum = 0.0;
step = 1.0/ (double) num steps;
for (i=0;i<= num steps; i++) {
x = (1+0.5) *step;
sum = sum + 4.0/ (1.0+x*x) ;

pi = step * sum;



SPMD (Single Program Multi Data)

#include <omp.h>
static long num steps = 100000; double step;
#define NUM THREADS 2
void main ()
{ int i; double x, pi, sum[NUM THREADS] = {0.0};
step = 1.0/ (double) num steps;
omp set num threads (NUM_THREADS) ;
#pragma omp parallel
{ double x; int i, id;
id = omp get thread num();
for (i=id;i< num steps; i=i+NUM THREADS) {
x = (140.5) *step;
sum[id] += 4.0/ (1.0+x*x) ;
}
}
for (i=0, pi=0.0;i<NUM THREADS;i++)pi += sum[i] * step;
}



AEAERIOTSL:D—0 7 (1)

#include <omp.h>

static long num steps = 100000; double step;
#define NUM THREADS 2

void main ()

{ int i; double x, pi, sum[NUM THREADS] = {0.0};

step = 1.0/ (double) num steps;

omp set num threads (NUM_THREADS) ;

#pragma omp parallel

{ double x; int i, id;

id = omp get thraead num() ;
#pragma omp for
for (i=0;i< num steps; i++) {
x = (i+0.5) *step;
sum[id] += 4.0/ (1.0+x*x) ;
}
}

for (i=0, pi=0.0;i<NUM THREADS;i++)pi += sum[i] * step;

}
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#include <omp.h>
static long num steps = 100000; double step;
#define NUM THREADS 2
void main ()
{ int i; double x, sum, pi=0.0;
step = 1.0/ (double) num steps;
omp set num threads (NUM THREADS) ;
#pragma omp parallel private (x, sum,i)
{ id = omp get thread num() ;
for (i=id,sum=0.0;i< num steps;i=i+NUM THREADS) {
x = (14+0.5) *step;
sum += 4.0/ (1.0+x*x) ;
}
#pragma omp critical
pi += sum * step;
}
}
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#include <omp.h>
static long num steps = 100000; double step;
#define NUM THREADS 2
void main ()
{ int i; double x, pi, sum
step = 1.0/ (double) num steps;
omp set num threads (NUM THREADS) ;
#pragma omp parallel for reduction(+:sum) private (x)
for (i=0;i<= num steps; i++) {

x = (1+0.5) *step;

sum = sum + 4.0/ (1.0+x*x) ;

0.0;

}

pi = step * sum;

}
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* NAS Parallel Benchmark (NPB)
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« Y—XO—KI&, soureceforge.neth s

By O—RE &g

http://sourceforge.net/projects/ompscr

OmpSCR: OpenMP Source Code Repository

Download OmpSCR: OpenMP

Source Code Repository

Project Admins: ajdorta, zande

Operating Sy=tem: Al POSE (Linu:BE0UMNE-lke OSes)
License: (Mane Lizsted)

Category. Compilers

O &~ I-j
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OmpSCR 72745 —i 3>
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« ANSI C/C++ BT Fortran90/95% #I| F
« KTFTVFr—avnEHA 45
— Computing 1
— Mandelbrot set area
— Molecular dynamic
— Quicksort

— Divide and conquer fast Fourier
transform

— Bailey’s “6-step” FFT

— Loops with dependences
— Cellular automaton

— LU decomposition

— Graph search 0.5
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Scalability (4p/1p Speedup)
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Molecular Molecular Computing Cellular QuickSort FDM jacobi
dynamic dynamic ™ automaton
(Fortran) (C/C++)
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f jacobi01.f90
f jacobi02.f90

f jacobi03.f90
f jacobi04.f90
f jacobi05.f90
f jacobi06.f90
f jacobi08.f90

f jacobi09.f90

f jacobil0.f90
f jacobill.fo0

16

two parallel regions with one parallel loop each, the naive approach

original OpenMP version from www.openmp.org, 2 parallel loops in one
parallel region (PR)

1 PR outside the iteration loop, 4 Barriers

1 PR outside the iteration loop, 3 Barrier

like f_jacobi04.f90, precalculation of the loop limits
like f_jacobi05.f90, trying to optimize the reduction

1 PR outside the iteration loop, 2-fold unrolling, software pipelining, 2 barriers
per iteration

1 PR outside the iteration loop, no copying, 4-fold unrolling, software
pipelining, 1 barrier per iteration

1 PR like V9, with errorh(0:2) to reduce code length

1 PR like V9, with errorh(0:2) and uh(.,.,0:1) to reduce code length - bad
performance
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TaAT7LTatyY, TaT7I)La
7. INAIN—RALYFIZ&KY
8CPUsAftopavw R TRREh
9, o TlE. NM/\—RLYF
(XERETIZ. 4RALYREITT
ETLTWVET,

=2 GNOME ifisk |
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top — 20:07:33 up 50 min, 4 users, load average: 1.74, 1
Tasks: 168 total, 2 running, 166 sleeping, 0 stopped,
Cpu0 : 1.7% us, 0.7% sy, 0.0%ni, 97.7% id, 0.0% wa,
Cpul : 99.0% us, 0.0% sy, 0.0% ni, 1.0% id, 0.0% wa,
Cpu2 : 2. 6% us, 0.7% sy, 0.0% ni, 96.7% id, 0.0% wa,
Cpu3 : 100.0% us, 0.0% sy, 0.0% ni, 0.0% id, 0.0% wa,
Cpud : 98.3% us, 0.0% sy, 0.0% ni, 1.7% id, 0.0% wa,
CpuS : 0.7% us, 0.0% sy, 0.0% ni, 99.3% id, 0.0% wa,
Cpub : 1.0%us, 0.3% sy, 0.0%ni, 98.7% id, 0.0% wa,
Cpu7 : 99.0% us, 0.0% sy, 0.0% ni, 0.7% id, 0.0% wa,
Mem: 4147240k total, 425900k used, 3721340k free,
Swap 2031608k total, Ok used, 2031608k free, 2

7 4ME) WRE) TR WED) 57T ~I(H) OpenMPG)'U‘Dj’}b’é%&bT:
# THREADS IME (secs.) OmpSCR':&éMD(ﬁ;ﬁﬁﬁ-C

TAYS5L)DTATSLOERTHT

¥, oo Nn7Foteyy Tk, 50T

IH., ARLYRTIEL, 12.8P TEHE%E
RTHEFET

This program is part of the Ope ode Repository (OmpS

Program:
Description:

./c_md.par )
Molecular dynamic simulation

Argument Nparts 8192
Argument Nsteps 10
Argument NUMTHREADS 1
Running ...

Timer Total_time 50.499136

# THREADS THE (secs.)
1 50.499136

This program is part of the Op¢€ @%le Repository (OmpSCR)

Program:
Description:

./c_md, par
Molecular dynamic simulation

Argument Nparts 8192
Argument Nsteps 10
Argument NUMTHREADS 4

Running ...

Bl
JatRELTIK. —DDFO+

S %CPU %MEM " IME+  COMMAND

5916 tomuro 25 0 10832 2836 892 R 99.9 0.1 :44 .84 c_md.par N
3283 root 15 0 50364 19m 7108 S 4.0 0.5 $301.49 X ZT_‘.‘H—b‘Eﬁéh*T
3476 tomuro 15 0 24872 10m 7164 S 0.7 0.3 0§23 metacity ~— o
3502 tomuro 16 0 33228 12m 9216 S 0.7 0.3 0:01.%¢ Sl TC
4881 tomuro 16 0 2020 1040 784 R 0.7 0.0 0:03.29 top
5271 tomuro 15 0 24736 10m 7184 S 0.7 0.2 0:00.38 screenshot
3435 tomuro 16 0 21864 7372 6044 S 0.3 0.2 0:00.72 gnome-settings—
3480 tomuro 16 0 35224 13m 9568 S 0.3 0.3 0:00.73 gnome-panel
3512 tomuro 15 0 22144 8772 7164 S 0.3 0.2 0:00.35 gnome—imswitch
3729 tomuro 15 0 48680 16m 9488 S 0.3 0.4 0:05.70 gnome-terminal

1 root 16 0 1748 572 492 S 0.0 0.0 0:01.47 init

| |8 gno-- | @ [GNO- |« [The - [ B8 GNO-- |
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SPEC OMP (OpenMP Benchmark Suite)

http://www.spec.org/omp/

« OpenMPIZBET AR FIT—OELTIE. &

AT LDRRGEROFI—UFNFHLTWNS
SPECRUFIY—9D—DELTSPEC
OMPAYHYET, SPEC OMPTIE. SPEC
CPURUFIY—ItybDTOTSLIGEES
FAL. NLDOARFIT—otybD TS
2 LHF0OpenMP T FMEL . Z D 14 BEZ 511
LTWET  AVFI—ITIEIMY A X ELY
AXD2DDEREY A X TOHERESE@ATT
HhhTHY. KIRESMPONUMASL AT L
TIE#EBHITOEYHETIEEICTEWOWRT—F
ET4MREINTWNES , —DODAJEETEE
L TOpenMPD R —IL 7 YT DREEEIZHE
O—CL\iTo

HH
M Standard Performance Evaluation Corporation
spec

home benchmarks results contact sitemap  site search help
@_ SPEC OMP (OpenMP Benchmark Suite) is SPEC's first benchmark suite for
# published Results evaluating performance based on OpenMP (http://www.openmp.org) applications.
# Flag Descriptions SPEC OMP continues the SPEC tradition of giving HPC users the most objective and
# Results Search representative benchmark suite for measuring the performance of SMP (shared
# HPG Fair Use memory multi-processor) systems.
Policy
The current version of the OMP suite is V3.0, released on December 5, 2003.
Licensees of the OMPM2001 or OMPL2001 suites are eligible for an upgrade to ¥3.0;
# OMP2001 contact the SPEC office with your license number for information on obtaining the
#v3.0 upgrade. Result submissions must be generated with V3.0 of the suite. (UPDATE:
Documentation ¥3.0 must include Purdue alternate source for 330.art_m and 331.art_I, base & peak,
[ to generate compliant results. Submissions that do not use the alternate source will
‘At , not be accepted for review after May 12, 2005.)
Technical Suppart
# HPG

[ Results | Information | HPG | Future | Join |

Press and
SPEC OMP Benchmark Suite Highlights

# OMP2001 Press « The benchmarks are adapted from SPEC CPU2000 and contributions to its search

Release
# OMPL2001 Press brogram.
Release « The focus is to deliver systems performance to real scientific and engineering
# Related applications.
Publications « The size and runtime reflect the needs of engineers and researchers to model large
I — complex tasks. =l



SPEC OMP2001 N>FR—7

Code Applications Language

ammp Chemistry/biology C 13500
applu Fluid dynamics/physics Fortran 4000
apsi Air pollution Fortran 7500
art Image Recognition/neural networks C 1300
fma3d Crash simulation Fortran 60000
gafort Genetic algorithm Fortran 1500
galgel Fluid dynamics Fortran 15300
equake Earthquake modeling C 1500
mgrid Multigrid solver Fortran 500
swim Shallow water modeling Fortran 400
wupwise Quantum chromodynamics Fortran 2200

21



Basic Characteristics

Code Parallel Coverage (%) Total Runtime (sec) # of parallel regions
Single CPU 4 CPUs
ammp 99.11 16841 5898 7
applu 99.99 11712 3677 22
apsi 99.84 8969 3311 24
art 99.82 28008 7698 3
equake 99.15 6953 2806 11
fma3d 99.45 14852 6050 92/30*
gafort 99.94 19651 7613 6
galgel 95.57 4720 3992 31/32*
mgrid 99.98 22725 8050 12
swim 99.44 12920 7613 8
upwise 99.83 19250 5788 10
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Ui

- —77 :wupwise

CSOMP PARALLEL

C$OMP+ PRIVATE (AUX1, AUX2, AUX3),
C$OMP+ PRIVATE (I, IM, IP, J, JM, JP, K, KM, KP, L, LM, LP),
C$OMP+ SHARED (N1, N2, N3, N4, RESULT, U, X)

SPEC OMPO)&?/??_O-G& ceon® gg 100 JKL = 0, N2 * N3 * N4 - 1
AHwupwiselZ2DULZTIE, 3EIL e
—TE—DDI—TIFEEDHT, Komon < wayay N
WHEEFRE DT ZE > TLY TPHOD (T D)L
-ij- .if' :@jna“alk-cs'j: DO 100 I=(MOD (J+K+L,2)+1l),N1,2
o - ~ IP=MOD (I,N1)+1
RKELAFNI—TDhT, 2D CALT, SOSMIL (DY 1 T 0k e | A
>
HIIN—FORNBRUVHINATS AL SR (L 2,10,k AT
Y, RELGHETOHHEHLS CALL, GRMML (3. 0.5 (L, (341} /2,3, KB L) ,ATKL)
hTWES, CALL SAXPE (o2 ONE. a0KS 4 Ao
CALL GAMMUL (4,0,X(1, (I+1)/2,J,K,LP) ,AUX1)
CALL SU3MUL(U(1,1,4,I,J,K,L),'N',6 AUX1,AUX2)
CALL ZAXPY(12,0NE,AUX2,1,AUX3,1)
CALL ZCOPY(12,AUX3,1,RESULT (1, (I+1)/2,J,K,L),1)
100 CONTINUE

C$OMP END DO
C$OMP END PARALLEL

23
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NFR—7 . ammp

#fpragma omp parallel for private (n27ng0, nng0, ing0, i27ng0, natoms, ii, al
inclose, ix, iy, iz, inode, nodelistt, r0, r, xt,

yt, zt, xt2, yt2, zt2, xt3, yt3, zt3, xt4,

yt4, zt4, cl, c2, c3, c4, c5, k, alvP , aldpx , aldpy , aldpz , alpx, alpy, alpz, algxx ,
algxy , algxz ,alqyy , alqyz , alqzz, ala, alb, iii, i, a2, j, k1, k2 ,ka2, kb2, vO0, v1, v2,
v3, kk, atomwho, ia27ng0, iang0, o ) schedule(guided)

for( ii=0; ii< jJj; ii++)
for( inode = 0; inode < iii; inode ++)
if( (*nodelistt) [inode] .innode > 0) {
for (3j=0; j< 27; j++)
if( j == 27 )
if( atomwho->serial > alseri
for( kk=0; kk< al->dont
if( atomwho == al->
for( j=1; j< (*nodelistt) [inc
if ( atomwho->serial > ¢
for( kk=0; kk< al->
if( atomwho =
for (i27ng0=0 ; i27ng0<n27ng0; i27ng0++)

for( i=0; i< nng0; i++)

if( v3 > mxcut || inclose > NCLOSE )

SPEC OMPDARUFI—ITHS
ammpDFHEITDE L. 721514
MO BRELZI—TTT, COKREH
IW—TDAFEIEATRETT A, DL
—JAHTIE. ifXDHIFIZEKY, D—40O
—FAREEAEEBITEVNET , TN,
BICIL—TZEREILI-EE. 7—0
—F DR +7ERY, GRS —
SEYTa4RFoNFEA, D=8,
schedule (guided) MIEEZEITHO>TLVE
9. NIZE-T. ZDJIL—THA—Fk/N
TURZHELTNET,



NFI—:art

#pragma omp for private (k,m,n, gPassFlag) schedule (dynamic)
for (ij = 0; ij < dijmx; ij++) {

= ((ij/inum) * gStride) + gStartY; SPEC OMPDARYFI—/ Thbart

= ((1j%inum) * gStride) +gStartX;

=31\ Th, schedulesfiR AIAEL
for (n=i;n<(gLwidth+i);n++) *L—Cb\ij—o :@:l—ls(is E@ME
f1 layer[o] [k++].I[0] = cimage[m] [n]; jna’aA—éﬁus ﬁ;“&&ﬂw&jlgw
Treearing ~ waceho, i3, sma_contia), maprs | P 010\ 2REDIOr L — &S
i ’ e T T A O L Dforb—=TFIZEELTLWET,
e NIZEHLT, WHHEIL—T DR EE
highx[o] [0] = i; RKELTWET . cOa—FDIF/E
set. hignio] (0] = FALSE; <4, HEI7 DMLt A HBT=
if} (set_high[o] [1]==TRUE) { LR i@ﬂ‘]@?—bﬂ—ﬁd)ﬁﬁ&(d&ﬁ
R = £ FREEHNHS=8. | schedule
set_high[o] [1] _ FALSE; (dynamic) O)*E'EE?'—IO—CL\*TO
! ChIZELT, CDIL—TDA—F/N
} FUREHELTLET,

- e

[
]
]
]
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N2FI—7: equake

/* malloc wl[numthreads] [ARCHnodes] [3] */
#pragma omp parallel for
for (j = 0; 7 < numthreads; j++)
for (i = 0; i < nodes; i++) { wl[J][1i]1[0] = 0.0;

#pragma omp parallel private (my cpu id,exp,...)
{
my cpu id = omp get thread num(); %xu‘ypﬁwn_ﬁ)bj—_‘_ga
#pragma omp for LT. &5 wl ZfEHRL. TDEL
BN 0 < nodea; i) SIZEFFALT, A7 ORI OFE
EIToTVET . CcOKIIT—
exp = loopflocal computation; ga)%ﬁﬁ"'t&@é:&'ﬁs jﬁﬁl]"t
A EMERIETEEC S OHEILEES ELTREESY
} Ei?d-o

}
#pragma omp parallel for
for (J = 0; jJ < numthreads; J++) {
for (i = 0; i < nodes; i++) { w[i][O0] += wl[]J][1i]1([0]; ...;}
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