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History

e De-facto standard for Shared-Memory Parallelization.

* 1997: OpenMP 1.0 for FORTRAN Open M P

e 1998: OpenMP 1.0 for C and C++

¢ 1999: OpenMP 1.1 for FORTRAN http://www.OpenMP.org
e 2000: OpenMP 2.0 for FORTRAN

e 2002: OpenMP 2.0 for Cand C++ RWTH Aachen

e 2005: OpenMP 2.5 now includes University is a member

of the OpenMP

both programming languages. Architecture Review

 05/2008: OpenMP 3.0 Board (ARB) since 2006.
e 07/2011: OpenMP 3.1 Released during SC24 Mainfffto.pics:
. . in 11/2024: OpenMP 6.0 7 Gy
07/2013: OpenMP 4.0 p . TesldiG
 11/2015: OpenMP 4.5 = Tool support
+  11/2018: OpenMP 5.0 = Accelerator support

 11/2020: OpenMP 5.1
« 11/2021: OpenMP 5.2
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What is OpenMP?
* Parallel Region & Worksharing Parallel Region
< Ta  ( s
e Tasking L5

\\ e
Vectorization

e SIMD / Vectorization It’s
Worksharing
 Accelerator Programming oL . Rope!

* Memory Management

Memory Management

Accelerators

LiIVG.

N

Programming in OpenMP
Christian Terboven & Members of the OpenMP Language Committee




OpenMIP

Get your C/C++ and Fortran Reference Guide!
Covers all of OpenMP 5.0/ 5.1/ 5.2!

https://www.openmp.org/wp-content/uploads/OpenMPRefCard-5.1-web.pdf

OpenMP API 5.0 OpenMP API 5.0

Directives and Constructs (continued)

model that gives parallel programmers a

OpenMP 5.0 API Syntax Reference Guide
pel I The OpenMP* API is a portable, scalable Fortran. OpenMP is suitable for a wide range

simple and flexible interface for developing
OPEeNMP.OFE 5 niable parallel applications in C/C++ and

Functionality new/changed in OpenM

[+ conten Fortran conten N
b chiaki [n.n.n] Sections in the 5.0 spec.

n.n.n] Sections in the 4.5 spec.

of algorithms running on multicore nodes and
chips, NUMA systems, GPUs, and other such
devices attached to a CPU,

color, and in Openh 0
® Deprecated in the 5.0 spec

Directives and Constructs

VP executable directive e tructured lock A struetuedtblock s in Openp
ind 3 single ext at t t

parallel construct
parallel 21z

variant directives

toragms ampprae sl ] ]
ructured b
'Wﬂpp:rﬂkhh‘r ]
red biock
i5omp end parallel
Soragne omp end cstadivecive . pmmer,n firstprivate (i), shared (ist)
YSomp metadirecive fclouse | ouse] e
‘ teducton (reccrion mod
o i (i | mu | spread)
snts) Socae ofocator
1Somp end metadirective i/ parallel: ] scoor-expession)
diause oum trests "‘ra:n‘;,rn» “
¢ r ldiectivevoriong)  ©- efauk {shared | nor
Seaok e et D WU parate oo vesson]

1Somp begin metadirective [clausef ] clouse] . |

num_teams (scolarinteger-expression)
defait (shared | firstprivate | private | none)

which it is used. teams construct
#pragma omp declare variant{yariantfun: ouss teams ‘”HZ 7
(¥pragma omp declare variant{soriant.func- »ﬂ)fav ) | Creates

ead teams where the master
of each team executes the reg
Jincon dentoncr e spragma omp teams [clause | Jlause]
Somp dediare variant (& tructured:-block
Ibase-proc-name: Jvoriant proc-name) dluse 1Somp teams [douse | Jcouse] .|
structured-block
1Somp end teams
dause
private (ist), firtprivate (i), shared (i)
reducton defait reuctio idencer )
allocae ([ ]
variont proc-name: num_teams (integer-expressior)
thread_imit (nteger-expvessi
default{shared | none)
num_teams teger-expressior)

* match contertseecto

e ident nplote-id.

of OpenMP threads that execute the

reducton-ientfier:isf)

3 block of executable st gle entry at
PURE or ELEMENTAL pr
clause

D'mxe(‘w ), festprvate

is)
reduction-identifier: list)

single za1173

#pragma omp single (clause/ | clo
| structured biock

1Somp single (cousef | clouse]..|
structured block
Sompend gl et el end

pehate i st )
Shocsel,
copyprivate (Jist)

wait

end_clause:
‘copyprivate (lst), nowait

workshare [253) (2

omp vorkshare.
structured-bloc
Iomg end workshare nowat]

Worksharing-loop construct
for / do 292)1271
festha e e ociated loops
parale by theeads i the team.

spragma omp for [cousel | douse] -]
fordoaps

thread_Bmit (scolar-integer
default(shared | firstprivate | private | none)

Worksharing constructs
sections 25.1)(27.2
stive worksharing constr t
atare to be distributed amon

oragnaompsection]
o structuredtbio

o sefa oo onerseq st | a1 | e "”‘”‘f,°:f:tf:ﬁ"

dynamic_allocators o !

)

ISomp sections [clouse,] clause] .|
(1Somp section)

1Somp sectio

Somp end sections fnowst]

D 2018 Opentp ARD
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do-loop
somn end do fnowai] ]

plwﬂe( ] ) Sevprnt f5)
lis)
)
" ind], chunk
ollpse ), rdered | J‘

reduction-identifier:list)

+ dynamic: Esch thread executes a chunk of terat
then requests another chunk unti none remair
+ guided: Each thread execotes a chunk of e
then requests another chunk until no ch
tobe ssgned. Chunk e s
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auto: The o regarding scheduling is delegated
the compiler and/or runtime system

runtime: The schedule and chunk size are taken from
the run-sched-var ICV.

nic: Each thread exscut

Ssigned n increasing logicalteation onder
it for stati e

nonmonotonic: Chunks are assigned to threads

in any order and the behavior

md: Ignored when the oo
aSIMD const

SIMD directives

slmd (29.3.1) (2.8.1]
te that the loop ¢
00p.

15omp simd ciou
dooops
[15omp end sime)
sfelen
inear |

aligned s

loopto \n\"am; an be
med into a SIMD foop that will be executed i
threads inthe tear

Vscfl\p do simd [clause] |, Jclouse] .|
tsamp enddo st
e simd or do

nings and restictions
enable the

6 SIMD instructions from a single

[

oragma o decre s e |, e
[Wpragma omp declare sim (o

function definiion or dedi

st s alignment])
)

notinbranch

distribute loop constructs scan directive
distribute (29.4.1)12.105) scan (295

Specifies loops which are executed by the thread teams Specifies that scan computations update the fst items on
wrage omp desibute chse | ose] ] ach iteratio
for loop-associated-dvective
!bmdnmhmm Jousel ], Jclouse] .] —
0ps
(15omp end distribte] tnturedbock
clause: Apragma omp scan clouse
private (ist) structured-block
it op-ossocated-dvective
astprivate {is?) oposdated deecy
collapse [7)
dist_schedule (find, chuni_s
allocate [afocotor  is

distribute simd (2
SIMD o o thre i Inclusive (§st), exclusive (is1)
T loop-directive diectives
Ipgrére et e for,forsimd, simd directive
1Somp distribute simd [clouse] [ Jcause] nd-Jioop-associated-directive direc
m'p‘)a.:- do (end do)
do simd |m do simd)
Gause: Any of the dauses accepted by distribute or simd simd (end simd|

doopossociated-directve |

Tasking constructs
task (2101 (291)
nes an explct task. The dat
s reated according to data-shar o
task construct and any defauls that spply,

Distribute Parallel Worksharing-Loop
28.43)(2:10.10]

These constru (o0p that can be executed in
b embers of mutipl

songma omp debsepasbel oo, e oeragre orvp wsk fcousel | J0ouse]
structured block
Somp dsvibuteparalledo s

taskclouse | Jous] .|

(150mp end disribuge paralel do]
distribute or parall

0p directives with identical meanings

ute Parallel Worksharing-Loop SIMD fier, | dependen
netplbisgnoe] prorit(p
allocatel/alt
affinity ( "

where aff <itenatoriteror
detach (evert-handie)

Wpragma omp distribute paralll for simd \ ! ok 5 tion oo avech handi
rematlael bl defaut (shared | none) -
#(/ task : scolor-expression)
final (scolor-expression)
efeut st | fispate | shard | none)
Hy

logicaexpression)

col-expression)

ations of ane or more associated

d OpenhP task
loop construct - .
\enpm 5) W?iﬂt::nus loop [clause] | Jdouse]

: VSomp taskioop [couse | cause] |
do-oops
(15omp end taskloop |
™ shared (i), private i)

[Sompend oop 0
- ainine (rai-se, num_ acks rum-tnsks)
bind (binding) colspte o), prioky rorky v
collapse (7} atiedmarpent, nopry
order (concurrent) allocate ((al
private (ist) it [/ taskloop ‘\Lmu' o)
lastprivate (is2) default (shared | none)
edumon(‘ fault, reduction-identifier final (scalar expr)
binding if(/ taskloop : ] scufar-logical-expression)
o, el wresd default (private | firstprvate | shared | none)

final (scalar-logicol-expr) Comued )
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Recent Books About OpenMP OpenMIP

USING OPENMP- -
THE NEXT STEP

Affinity, Accelerators, Tasking, and SIMD

OpenMP

Application Programming Interface
Specification Version 5.0

THE OPENMP
COMMON CORE

Making OpenMP Simple Again
Edited by Michael Klemm and Bronis R. de Supinski

d31S 1X3N 3IHL — dWNAAOONISA | |

F¥02 NOWWOD dWN3IdO IHL

Ruud van der Pas, Eric Stotzer,
and Christian Terboven

Timothy G. Mattson, Yun (Helen) He,
and Alice E. Koniges

OpenMP Architecture Review Board | openmp.org

A printed copy of the 5.0 A book that covers all of the A new book about the OpenMP
specifications, 2019 OpenMP 4.5 features, 2017 Common Core, 2019
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