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Rules for Parallel Programming for Multicore

James offers eight key rules for multicore programming based on parallel programming experiences of his
own and others.

By James Reinders, Dr. Dobb's Journal
9 05, 2007
URL:http:/www.dd].com/hpe-high-performance-computing/201804248

James is part of Intel’s Software Development Products team, and author of Intel Threading Building Blocks: Outfitting C++
for Multi-core Processor Parallelism. He can be reached at james.r.reinders@intel.com.

Programming for multicore processors poses new challenges. Here are eight rules for multicore programming to help you be
successful:

1. Think parallel. Approach all problems looking for the parallelism. Understand where parallelism is, and organize your
thinking to express it. Decide on the best parallel approach before other design or implementation decisions. Learn to
"Think Parallel.”

2. Program using abstraction. Focus on writing code to express parallelism, but avoid writing code to manage threads or
processor cores. Libraries, OpenMP, and Intel Threading Building Blocks are all examples of using abstractions. Do not
use raw native threads (pthreads, Windows threads, Boost threads, and the like). Threads and MPI are the assembly
languages for parallelism. They offer maximum flexibility, but require too much time to write, debug, and maintain. Your
programming should be at a high—enough level that your code is about your problem, not about thread or core
management.

. Program in tasks (chores), not threads (cores). Leave the mapping of tasks to threads or processor cores as a
distinctly separate operation in your program, preferably an abstraction you are using that handles thread/core
management for you, Create an abundance of tasks in your program, or a task that can be spread across processor
cores automatically (such as an OpenMP loop). By creating tasks, you are free to create as many as you can without
worrying about oversubscription.

. Design with the option to turn concurrency off. To make debugging simpler, create programs that can run without
concurrency. This way, when debugglng YOu can run programs first with—then WIthcut—concurrency and see if both
runs fail or not. Debugging common issues is simpler when the program is not running concurrently because it is more
familiar and better supported by today's tools. Knowing that something fails only when run concurrently hints at the
type of bug you are tracking down. If you ignore this rule and can't force your program to run in only one thread, you'll
spend too much time debugging. Since you want to have the capability to run in a single thread specifically for
debugging, it doesn't need to be efficient. You just need to avoid creating parallel programs that require concurrency
to work correctly, such as many producer-consumer models. MPI programs often violate this rule, which is part of the
reason MPI programs can be problematlc to implement and debug.

. Avoid using locks. Simply say "no” to locks. Locks slow programs, reduce their scalability, and are the source of bugs
in parallel programs. Make implicit synchronization the solution for your program. When you still need explicit
synchronization, use atomic operations. Use locks only as a last resort. Work hard to design the need for locks
completely out of your program.

. Use tools and libraries designed to help with concurrency. Don't "tough it out” with old tools. Be critical of tool

support with regards to how it presents and interacts with parallelism. Most tools are not yet ready for parallelism.

Look for threadsafe libraries—ideally ones that are designed to utilize parallelism themselves.

Use scalable memory allocators. Threaded programs need to use scalable memory allocators. Period. There are a

number of solutions and I'd guess that all of them are better than malfloc(). Using scalable memory allocators speeds up

applications by eliminating global bottlenecks, reusing memory within threads to better utilize caches, and partitioning
properly to avoid cache line sharing.

. Design to scale through increased workloads. The amount of work your program needs to handle increases over time.
Plan for that. Designed with scaling in mind, your program will handle more work as the number of processor cores
increase. Every year, we ask our computers to do more and more. Your designs should favor using increases in
parallelism to give you advantages in handling bigger workloads in the future.

w

FS

(2]

@

~

==

http://www.ddj.com/hpc-high-performance-

1. “WHHE” ICDNTES

2. WSHEFEDIE UL VER

3. ALY FICDUITEZDDTIIIS
<. AZADTOTOTSLAEEZD
4 MHETEAIICHERBIELDICT
DOSMhAETH1TD

5 0v2 (@R WNIEZEITTEERS
RO THLY

6. R\LIISIZIEY—ILZED

7. XEUPOT—=Y3VICERTD
8. J—oO—RICEHETRT—!
VIOBRBDTHAIETD

NIVFIPTHIOTSIVYITD
)b—)b L CNB8DODIL—ILETZ
BELT JOJSIVIICRDE
@‘M\E?’JW’)?D

RT—FT IV AT LAk &4t



ARAIEANRLV—Y 3V
BT Y85
PILTI) XL EOREE

¥

VIUF I ETOMWHINEBOH LS

¥

LR i MEN7E 7 Ot w B D PEOIEND
R +ILEBDRIL
e XEUIYRFTLADEIL
FryYaAIRTLDLS

Ar—5TILVRAT LGRS




VAT ALAEA-YDRE

I BN I D D D N D N D S

AT LDORE
Flop/s ¢ &T&E# T ETOEFHE]

AEYHALX(GB) ® ETILOYHARELAEHFR
JOty it & T—sO—FCORBEFCITIH
?_QE q} E‘fﬁ*ﬁfi
VAT LHE(9525) ¢ BAIRNEBAARR
2 —SE T4 ® Sl R THORE
. A—HORETOME (Performance) o BRILOICEN -
FIIOHSENMBERDD (S8 / B)
- Flops TTOMIZIERICIIRERDEV), FE. BRBOIRIE (small,

medium, large) CUV\DFLIHBEE LU,
- 2T =2EUT 17 [E. XIRZEEICIRE T DNEN DD

A5—STIORT LGSR



Peta-ScaleJEa1—FT1 VT &
Commodity D> Ea—51 0

M 5 NIRRT (DEND)

Ar—5TILVRAT LGRS




V2T TDFvwvT

Pleiades Supercomputer

‘Pe ta—Sca]e’ ‘ <‘ Photo Credit: NASA Ames Research Center‘
JVEa—FT1 VT 13
BEDOPTIT - 3 VBIR
BHEY T LB

HUWAPIDIE=E -
) A VI FTEDBLDTO
FrevIDILHY By I PEER LY =N

S

V.

2UY 1 X
32 7PEEFY—/\

CPU+GPU
Hybridt —/\

NILFIP. ¥ILFTOrYY. DSRS

YRTLAONBDHBARELEHEE] —YIRIE

2 RT—5T WO AT LXK &4t




Chapman & Hall/CRC
Computational Science Series

Petascale COMPUTING
ALGORITHMS AND APPLICATIONS

EDITED BY

DAVID A. BADER

*Chapmarn & Hall/CRC

700

600

500

400

300

200

100

0

Petascale Computing: Algorithms and Applications
(Chapman & Hall/Crc Computational Science Series)

Scalable OpenMP Programming

Dieter an Mey RWTH Aachen University &Y

MPI
OpenMP

threads

C++
Fortran
Chapel

UPC

> T Lo ©
s=£°agd9z54
T > IX:F)'ES
1 = CUL
o o o
U LL = +
Pl
7))
@)
o

RT—FT IV AT LAk &4t



NIVFRALY RPTIUT—3Y

Evans Data Languages Used for Creating

Corppration/ Multi-Threaded Applications

30.00
25.00
20.00
15.00
10.00 ¥
5.00 ¥
0.00 =
Java C++ C# Visual C Fortran  Other
Basic
EMEA Development Survey © 2007 Evans Data Corp.
Intel Software Product Conference:Parallel Programming AdoptionMarket Situation and Outlook
presentations from Multicore Days 2008, 11-12 September / James Reinders, Intel
N /

RT—5T WO AT LXK &4t



JOUSIVIDF vy

N

Peta-Scale’ Com m_odity’
0 ] i R /7 »'7’"“"' N Ea—F 1Y
i u'l.\:‘ "1""12' “'l ,

. |

o

Ar—5TILVRAT LGRS




2T —ST)VISHERED
PIIT—3 3 VDRHE

=5 5 t‘é
MP AEORSH®
I e

W
f

A,

| q I;"(".l'l
il " \ 'h‘l
| q-n’-tn'. il

RT—FT IV AT LAk &4t



N 200701ty oL &b Nt

N1 2070ty Y lilibngE

=

BADEHA

Ar—5TILVRAT LGRS



| #xvTDEHY

Performance

ﬁ
%@\\\Yf"

GHz Era <+> Multi-core Era

5 (SIEE CERIATEE (FRIAADX 1w )
- KDV R (R8T A7 L) TRORIEK
DORVNVIBNTIEE (XIERRNE)

- KDBEHTYISL—I3VERT BRYAD
JLODFEHBIC KD IR FEIED

Ar—5TILVRAT LGRS



PITVT—Y 3 VRTEE

R#E<

\'l
\l

os) [os] (03
i

FRU—T127
VATLA

e D (D (8

-

RT—FT IV AT LAk &4t



RIVF/—F.IFR%E

|

T S8 IL/—K(SMP)
I I
sognraweyy, oo ar

v | l

HS5R2F05532%5 (MPI)

T ILFALYE (OpenMP)

0wy Y it
Fryda, EHGHET
SIMDEE 5y (RTKJLE)

do izone = 1, nzone

do i = 1, imax FOty 41— D51

RT—FT IV AT LAk &4t



do izone = 1, nzone /—FR. /—FREFHE I
.......... MPI+4>Cluster OpenMPZEE D FIA
doj=1,jmax /—FATOTILFALYRAFIE

.......... OpenMP®RLyRFTRT 53245 I
doi =1, imax Fatwyy1)y—20 i 5| F| A
.......... RIkIVE
........... A—IN—RHT5EIT
T4 08
" _  enddo FrvlamBEibizE

AN

sk LN DBEREE

A5—STIORT LGSR




b5

v

v

v

A4

Ai}

iSE

TS UN)LI5INE (DLP)

X1 TS V0
@ E STAla]
m Al |A] |0 i
e O Y A e [ ]
= B |e INCIE
2Ly RUAVIIFIGE (TLP) 555 L AL (ILP)

Ar—5TILVRAT LGRS



JL=T DD )V B

a0 5 Bl
for (IFO;K=MAX;|++)

ClI=Al1+BI;
NASE:

(Linux) -[alxN, -[alxB, -[alxP , -[alxT
(Windows) -QlalxN, -Q[alxB , -QlalxP , -QlalxT

o

+ + + +
C[3] C[2] C[1] C[0]

A5—STIORT LGSR



=

&\

1T NVTORZYy S TOSIMDRE /

SSE Operation

X4 X3 X2 X1 HMMX/SSERE
(X, 128EvrDE
BET VYA
Ya 1 v3a | v2 | v1 H L TRITAREL
155, MMX/SSE

fii%ﬁld:z-lz‘y}ﬁa
Intel Core Microarchitecture zgstlﬂ;ﬂz;%gficﬁf

HIFETIE, 8%

CLOCK
RETIE., 4128

4 CLOCK N\ M REEFLY
NetBurst —) p -
CYCLE 1 ngpY XlipY OYJTRITT S
CLOCK EHHES,
mmp | X40pY | X30pY
CYCLE 2 4p 3p

\_ J
| ZTr—5T Lo RT LAk et




MR THEBEHRA Y

- MBIE

- E/RFE 2L T X HADEIR
- J Oty EXOEBOBRBRIC XTI O gE/SiM H1t

;—H,{

| >H+

- DPHOT Oy BHITIKFURNNCE

TE[J<I)Fij?V

- XEUR

B ZRAICTIFE

SREC PO ERAT BT ELD IPODEREIC

BoE

AE—5T WO RTF LTS



Performance / core

MIAOAT7—XTIFx

HEETOER

S

M40 T7—%TIF¥
Bridge)
Intel AVX

(Sandy

ROMVERR (FE/NERREERE x2)

RERTAHOF—%F5F v (Nehalem)

}{ljliylfﬁtl/«{-?.‘/’/@&% Core Core Core Core Core Core

< A7 —XT D

TR A R Intel AR T7—FTHF % 12 Shared Cache
(Westmere) T o
32nmBEETOEX
ponbil 25 I

3 DDR3

SSE 4.2

2008 2009 2010

channels QuickPath interconnectglinks

2 Intel®

>2010

Intel AVX (Advanced Vector Extensions)

RT—FT IV AT LAk &4t



WHMEBRT—2EU T «

8
—35 =
7 =®-Linpack -®=Stream 2/7 oEUT 1 DRE
5 O—F/N\NDVRDOAE
X EJEEBDRERMXER
5 (XEUPDOEZADIE]E)
5 SREAXE YT LADERA
84 (Xeon 5500)
5 > Z 245
2
1 o LT
AFE) VL)
0

1 2 3 4 5 6 7 8
N Z7Aatwyya7

R —5T NI RT LAk S



WHMEBRT—2EU T «

MFLOPS/s

30000

mmm Xeon 5400(MFLOPS/s)

mmm Xeon 5500(MFLOPS/s)

10

27000

24000

== Xeon 5400(Speedup)

e=@=Xeon 5500(Speedup)

21000

8 VATLT7—FTUOFrDEL

T UL GERILER) ERED A E
Ar—ZE)7T4DMEE

18000

15000

12000

9000

6000

6
7]
4
3
2
L ShEE R I B A IR

o TIOVYNITA—LHEE

Himeno Benchmark

16

N ZFAtyya7 http://w3cic.riken.go.jp/HPC/HimenoBMT/index.html

RT—FT IV AT LAk &4t



JOtvY ‘t4EE QLR

Quad-Core Intel Xeon 5570

XEYUDIY FO-SAB
QPIr Y5 —2XRD b+

120 80

== —DtEE =8=/)\> Rig
vr [ 0O
100 a0
1.35%
‘ - 60
§ 80
g 50
a oz X
S 1.518 @
LL
o 60 40 S
N 2]
o ix
3H N
? - 30 =
40 ~ Djrr
) S.010
- 20
20
Aw 4 L
. ) 10
0 : : : : 0
20055 20065 20078 2008 20095
64-bit Intel Xeon 3.6GHz 2M Dual-Core Intel Xeon 5160 Quad-Core Intel Xeon 5355 Quad-Core Intel Xeon460
Far)L3ar OprwvwR37 45nmEsE 70t
AZINEREE/ OO0V D BEOOVD

52 7)UFSB/YX

RT—FT IV AT LAk &4t



BE @ LLEER

Quad-Core Intel Xeon 5570
XEUDIY ~O-SKHE
QH{/& IRD

i

Core Q
u
e
u
e

Shared L3 Cache'!

20065 20078 2008 20095

64-bit Intel Xeon 3.6GHz 2M Dual-Core Intel Xeon 5160 Quad-Core Intel Xeon 5355 Quad-Core Intel Xeon460
Far)L3ar OprwvwR37 45nmEsE 70t
AZINEREE/ OO0V D BEOOVD
FaPILFSB/YR

RT—FT IV AT LAk &4t



XEUMEEERT —SEUF

Core 2 Extreme QX6700

Core O

Core 2

Core O Core 2

4MB shared L2
Cache

4MB shared L2
Cache

Nehalem

4MB shared L2 Cache

Memory

Eaaatlicn Link Controller

3x DDR3 2x Intel QuickPath

channels interconnect

RT—FT IV AT LAk &4t



N
ol

N
o

FExERELL)

=

Ar—SEYT4 (VT ILWALYRIZ®T B
(@)

Ar—5T IV RAT LA &4t



NPB OpenMP -18XJ 4 &E

FxiE#E (Core 2 Extreme QX6700 =1)

8.0

7.0

6.0

5.0

4.0

3.0

2.0 -

1.0 -

0.0 -

mQX6700/1 mQX6700/4 mCorei7/l mCorei7ld

VT IWATTCTOHEEE << TILFALYRTOMREE

BT

CG

EP

FT

LU MG SP

RT—FT IV AT LAk &4t



XEUBBNYFV—=D

Double read/modify/write Cache Test

70000
=¢=Qpteron 2.8GHz
60000
=#=Core2Quad 2.6GHz
«®=Core i7 2.6GHz
50000
40000
3
0
m
=
30000
20000
10000
0
100 400 1600 6400 25600 102400 409600 1638400 6553600 26214400 104857600
C Size (bytes)
RT—5T WO AT LXK &4t




N2 ERIVE - YILFRUL Y =

=1)

MRE@ LLEER (Baseline

30

25

20

15

10

Intel Xeon W5580 (2 sockets x 4 cores)3.2GHz

275

EBaseline - Compile with Intel compiler
®\/ectorized with Intel compiler

2Vectorized with Intel compiler - threading

176

Black-Sholes

Monte Carlo

Covertible Bonds

IDF2009

INTEL DEVELOPER FORUM

Vectorized /
NJkILE
OV INAS1ERITDIEN
J—kp7ra—)og
IW—TDHE|
Threading/
BEjili 514k
OpenMPER1TDEM

OAVINASDBEEANIRILIEE
BEA5EIz2—FDEEIE
EETIYEVEREZEIR

“Money Tree - Optimizing FSI
Benchmarkswith Intele Software Tools for
Multicore & Manycore”

Intel Developer Forum

RT—FT IV AT LAk &4t


http://www.intel.com/idf/

2T —=5T)LCommodity A2 —FT 1T

Wi 5 AEB DERRE & PkE

Ar—5TILVRAT LGRS




7 o,
il

“Many core” CPU (”

)

- 20122 ICEENDETE/ —F 1)
- Node : 960 GFLOPS,/CPU
- Many core CPU, 48 cores, 2.5GHz,EE3+ v v
|
- YV T)VIEEIT I (in-order CSMTHEBET =)
- XEUNY RIBERANRICTERID P —FT7 O F v
- SII\/lD/\“D ~)LAZw ... 8 FLOP / cycle / core
DR E — RANUMARE T2
- BEOETEY—/\. JU—FTOISRYE
DY
) S=ROROIHEDRDHEND

DREELTEELETAySICEDGER

Ar—5TILVRAT LGRS




W 70O0SIV0CTBER

-+ ETE=(Amdahl’ s Law)
) aT%*ﬂJﬁF
) _“—/90)1%}5):[,'\’:?
—RNSYZ
- DENEC [EHBALIE
- IHNIBIESETOmE1t

BRI (T ILALYR) 7T r—ad
LEERL CHRETEREMNZ LN AN, AR
FRUREICLTLVET,

Ar—5TILVRAT LGRS




W70 5IV I TBRER

Speedup

+DI3ETES

STENE

F—S DB

[Z]— FIND X
DENEC B HANIE

M5 AVIBFEE T

miE1b

O—kN\SUR, T—HEREIZKDHET

RIEALIE | T2 B EICLDT—/ A=Ak

NZ7aty5a7

RT—FT IV AT LAk &4t




P NS —)LDERN

M 5UME TORERER D HIRIE (27— Y 27)
T Tparallel = (S+ P/n) Ty + O

n = number of processors

— e —— P/n Speedup senal /Tparallel
=1/(S + P/n)

J045 EAODLJRUMB |
(FEA 5 A1) ER 7 D EHEBR A L 1

BlZ L. n==, P=05 DiFE
Speedup=1.0/(0.5+0)=2.0

A5—STIORT LGSR



TRV YDZER

Tserial = (S tnX P) Tparallc;:-IVA-‘--
.7Aﬁ_}b®i£'au Speedup - Tserial / Tparallel
FEEARCHEOREA—ETHILERE =(S+nxP)

@7 X372 M;%kBl ( Gustafson-Barsis* law)

W5 NETCIIBBORBRCEEAETNTOYyYITH
[CEEBHILTKELGZY ., T DA FEMITZERNEE I
HELLEVILERTE

(7 L=V OZERDORREN W FDEBERVHT &
AYATRE ? |

B RSB EF ARRICKEREHRAHS

$iZ (X, n=16, P = 0.5 DIFH
Speedup =0.5+16x0.5=8.5

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

Speedup = Tserial / Tparallel
=1/(S + PIn)

' e

Ar—5T IV RAT LA &4t




64

56

Amdahl's Law(50%)

32

40

48 56 64
N Fatyya7

&

RT—5T WO AT LXK &4t



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

500_' LN I N N N Y [N L L B N I B B
|~~~ Ideal
- G—oc15 OpenMP, 24M cells
400+ :
1500
o )
3 - :
$ 300 1400 =
2, I ) fa»
) ] @)
s | {3002
Tg 2001 ] &)
& 1200
100 ]
i 1100
07’....I...‘I....I..‘.I....'
0 100 200 300 400 508
# of CPUs

B IERE
- 496701ty Y TLO5EDHEE® L1

“"540 GELOP/
- CPUBED IR : 1.33
GFLOP/s

BEROREN B R ERDE S,

\ /

RT—=5T IO AT LIk &1t



STRAE
i 511k

{&/RDOIMIBDMHIEDIEFT

JVINA DICTRDIMBHE (XD IV EDBEIMHIE)
~les [E—RZICEZDUNILTOMSNHE

W DRm TOMLINE

A5—STIORT LGSR




> V2 )VAPIT OIS IR

VP | openMP  MPI

J—FE ??°? O

2| 16P+ 32P+ I I I
ks
alwfw| | | |
©
g [_| B N
= | I I 1
1/ 4/—
Horlzontal Scaling Open',‘\"ﬂ';'????

Py AT —STIORTF LGRS



OpenMPD{{E

- VA=Y 3VTODYI DI HEFAE

- KRR 1IU—Y3VETOYPPIUT—y3 V(4.
C++. C. FortranTTseiicsNTL\D

- VD RO PHEFECMBIIEEEN Cllsit L CiToN
=)

- DSAIDZ—/)N—IE1—~

- MPIZRIA Uz KARE 5 AR D —R%8Y

- MPIRJRRDIRR CiRk8
- FCOPTIT— 3 VITERBEEDRTIEZL)
- AT —=5SEUT 1 [IRRBHIRESTD
“many cores” A\DXIIMHMPID 1 TDAPITIZIERICE L)

- OpenMPIEC DR DEMPIICXT I DIEDE IR DIEHE &
QIS ICMPlIZ#5t 9 ©1=&EIZ8D (MPI + OpenMP)

Ar—5TILVRAT LGRS




S SN T

TILFALYRIEEh=-T05 5L

DVSM

Node 0 Node 1 B B B INoden-1| | Noden

R —9 RAYFF

Ar—5TILVRAT LGRS




A7
1

—i&BYO0PenMP DR ( \\

- OpenMPRRMD 3/ /N LS DREE
- Openl\/lP’f%ﬁZl = O<WINEICK T YO0
Ty IR RBEDEESND

-%hﬁjf 2)?@2 JANY
- BARIS DA jJEOJb@%%%“
' P)Q:'J_ ALDEEDA =)\ N\ B
- 002 AmMEDIZHO I — FOTRIE®I— |
DEND
[ RANLE
- Fork-Join ETIVIC K DB KIS IERNLE
- Bl 0el
) X':'JB%E = )JICI B _
- Fpwya, O-AIXEY, UE-FXEUDS

ZA5—ST VO RTLAEEH



OpenMPDEERE

- N\N—ROIPOEG
- SBIGERIT v DR
FTNTNUMAP —FF2
F v

- OpenMP 301J1J—2X
- NUMAXY D Hh sk EE U

- P14 2T« E&E

- T—YDEENRONABE
e 7 ALy FRITOERE
OpenMP 3.0: The World is still flat, no support for cc-NUMA (yet)!
http://terboven.wordpress.com/category/openmp/

e £ RT—F5T IO RT LAk St


http://terboven.wordpress.com/category/openmp/

INTTUw FIRRKORUYE?

I\ T )y FA—
- PIINMESEL D (YUY IYIR

TA—BIVIVIY) CEEM

/

~N

- NNy ROVEa—FT1D
- GPU+CPUICEKDB/INTIN D =¥
V2 aA—FT1 T

Id Level

Gol
.,.,.:‘fs'ui:?'“—---------------------

c,,! | |° N D)y R T00S5IVD |
Qe pont i ~ Z L/ W I\“ j 9 = / 9 —|—|\/|P| I

L---------------------

Ar—5TILVRAT LGRS




MPI/OpenMP/\1 7)) w REFIL [

P
e

- MPICIImRIZ D &S C DERNIE T D)

).

IR ET S

- OpenMPIZ&. EMPIZZ2DANT, JL—TDIHNHER

C DR D AR

ECMi

- FTRIE YRXT-AL Y FDFE

562z

ElCEER

[

BEREA > A—aRIk

J

MPIZZX %S

Memory

0000

Memory

0000

OpenMPRL vk

Ar—5TILVRAT LGRS



MPI/OpenMP/\{ 1w KO— 1 (@)

MPICIEHESNIE P T U — 3 VICOpenMPTOIBIE
a0

MPLE(E OpenMPTO T —2 S T PEFIFE U TR\
B DTE

Fortran C/C++
include ‘mpif.n’ #include <mpi.h>
program hybsimp int main(int argc, char **argv){
int rank, size, ierr, i;

call MPI_Init(ierr)
call MPI_Comm_rank (...,irank,ierr) ierr= MPI_Init(&argc,&argvi[]);
call MPI_Comm_size (...,isize,ierr) ierr= MPI_Comm_rank (...,&rank);
I Setup shared mem, comp. & Comm ierr= MPI_Comm_size (...,&size);
ISOMP parallel do //Setup shared mem, compute & Comm

doi=1,n #pragma omp parallel for

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

enddo <work>
I compute & communicate }
call MPI_Finalize(ierr) // compute & communicate
end ierr= MPI1_Finalize();
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Fortran

C/C++

include ‘mpif.n’
program hybmas

ISOMP parallel

ISOMP barrier

ISOMP master

call MPl_<Whatever>(...,ierr)
ISOMP end master

ISOMP barrier

ISOMP end parallel
end

#include <mpi.h>

int main(int argc, char **argv){
int rank, size, ierr, i;

#pragma omp parallel

{

#pragma omp barrier
#pragma omp master

{

ierr=MP|_<Whatever>(...)

}

#pragma omp barrier
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1 This is the Hybrid O MP MPI| Bench kproject ("homb”)
Hybrid OpenMP MP e A ol by T4
Ben Ch markDrOjeCt (”hom b”) 20089, and is described by the project team as follows:

HOMB is a simple benchmark based on a parallel iterative
Laplace solver aimed at comparing the performance of MPI,

OpenMP, and hybrid codes on SMP and multi-core based
machines.
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