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cache = gmall, Kesl- memory ® reduces @cess I'.mes by reusing cead velues, creole ovechead a( ne reuse
L> segnenho( in_blocks . Sm\mh: onik o( memory blecks
L, ceache line: stores one memory bleck + mele iﬂQormchon
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copncily mss+ [ull coche, some coche line heae lo be evicled
cm(la& miss: (ull sel, (cea\uen‘ in e(u-edl., maﬁm\ caches . ether o( k lines con be eucled = evichion Polic\{
ie block o( the odress wrillen Lo in the cache? yes=ovecurile i /no=glocole o upel‘\'e oddress in memory
weite “u-ou%‘ upJo‘e block thol is i cache line b\l m-ihnm volue to mMemory
t line W\I-il it s em‘eol
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OPENMP-SYNTAX

main chacockerishice: 4 impliest ‘mm\e\asm H\rouag work slmms. SPMP
2 | Fock doin ‘mfe“elism
3, vnioue int [thread id per Pamlel ared conscuhuel\’ numbeced
L. pambes o( beesnls can| exceed] CIPU pumbec
5.Conskrucks for s‘\oru\% work ecross fhresdls
6. Taceads can share varisbles and have Prwak variables
1. Unpwl-eclee! . P&m“e\ upJ“es may lesd to doka roces ond errors
8. Synchsonisation Consheucts (oe p(even‘m%‘ﬂ\m races
Q (onsishent memory stele aller Spcl\rommhon
rea‘u'\remn‘s in C : OPenMp—coane Cmupi‘et. (unc"‘on ro‘o‘\“.\e heula (omo.h).uomp-".wegm on a“ Kunc&ions
ond pfeJede obi\ec\s‘ ‘one.” ‘)te(t gm' s‘)ecio.\ variables
Pam\\e\ resion construct: shiuctured | C s‘c&emen“ oncel stacted, numbes o{ Ihceads in ecm“e\ m§m umchan&aﬂe

#pragma omp parallel [clauses] {@ifin “\'G&Js 'Hlfw '\ Laﬂ'ief SYﬂChwﬂ'\S&‘KOI\. 00‘1 MGQ"C(' remaing| aclive & l‘&m
<structured statement> % &
Conteo o& theead numbec B\' cunhime_enviconment of b\| oum_theeods()

L"'& cunt. eml.=o‘egou“ value (CPU number) or env.vaneble OMP UM THREADS
oversubscﬁp"im + get OMP_NUM - THREADS (mxr than COU emount *use(ul &w Jebu&nﬁ. not per(om\ance

openmp ‘ibmr\' co‘s= access o stable hmep int omp_get_thread_nun(void); Hcead sole - cen be caled
int omp_get_num_threads(void); .

double omp_get_wtime(void); int omp_get_max_threads(void); COIICG"B{\“\’. n P“fde‘

double omp_get_wtick(void); void omp_set_num_threads(int num_threads); Wi“\bul’ risl( 0& in‘-et%m\ce

Jec(oﬁno\um\ab\e5= bes‘ pfoc"ic.e. l‘o se‘ even{u\‘mo\‘o Jeqouu(none) omc‘ mmuollq share evet‘{“\in

private(<§|ﬁma separated list of variables>) e X necessec shereo‘ var\ab\es con he TGGA

firstprivate(<comma separated list of variables>) Y'

shared(<comma separated list of variables>) c.oncmren“ N bu‘ 'I'he some vaﬂaUe 'm%l'

defoultishaledlnone) oot be rend & weiken lo al the same Lime
work shsﬁne:\‘

A
#pragma omp parallel #pragma omp master

{ R . . <structured statement>
int i; // private i for each thread

#prag:: omT majter ﬂ&\\ws Oﬁ\’ak/fin‘ﬁﬂm‘e Coan Ccause JQ‘Q roces
t NS v A

readdatata.n #?:ragma omp single [clsuses] S
#pragma omp barrier <structured statement>

// compute

fo;[;.]i=g;.%f?;//i:()ar{thread computation from a into b no ‘mPl‘Ci" Lﬁﬂ‘ie\‘ o( s\"ie wﬂs‘fuc‘ mded »e‘im’mﬂ‘d b1 M%"‘
}

, - becouse there 0‘«@0‘\( s & barrier, no correctness qusrenteed
pragma omp barrier

sorogme omp single novadt without # > daba reces in both & and b possible

writedata(b,n);

}

#pragma omp sections [clauses] a

<section block> e’ds Wi“\ bﬁﬂ‘lef QC@ﬂCGICJ b‘ M‘

#pragma omp section [clauses]

<structured statement> one “\feﬂ‘ P\'G‘QSS‘ Pe" Seﬁhaﬂ

#pragma omp for [clauses] for (<canonical form loop range>)

<Loop body> = @l threads must compule the came, (w\e loop roneg
#pragma omp‘parallel for [clauses] Md l°°P “‘"3 m" ﬂo" C.h

for (<canonical form loop range>)

<loop body> = c.onomce\ (ﬂm’ W bOUﬂA MUS: be OQ “\e (Ol‘m
i¢n,itn,i>n,i2n or %0, increment musk be o( (om it itzinc oc i=itinc (e'ki-' e"' decrements)

loop does onray updetes lonly; updstes ol mosk one uachanged elemeat pec lerakion




how Yo shere loop work throunh thrensls? % loop ranog is divided into | chunks
L static schedule— some-sizedd chunks, assianed in static, round-cobin [mshion
'—>J1nam'.c schedlule — some-sized chunks, each Hheead s nexl unqssixd once ﬁ«\skeo(
L>ﬂn4ed schedule — no (hceo( size, chunks 9\& o.ssigqed \'namica‘\Y fo (cee theeads

schedule(static[,chunksize]) Sd\“!u\e(auto)
schedule(dynamic[,chunksize]) s,_[,edulg(mnhme)
schedule(guided[,chunksize])

#pragma omp parallel for collapse(2)
for (i=0; i<n; i++) { // OpenMP will make one loop out of two
_PT(ONVIMCC BOOS" for (j=0; j<m; j++) {
- emsiec pqmﬂehsahon x[11131 = f(i,3);
}
}

reduction(<reduction operator>:<reduction variables>)

#pragma omp scan exclusive(<reduction variables>)

#pragma omp scan inclusive(<reduction variables>)

work sharmx parjc | esks): seks compleled ot latest as foss'.b\e.
#pragma omp task [clauses i \ i b u'i bﬂ" (
[clauses] :ar\ ec_complelion passtle by se nQ e

<structured statement> -

#pragma omp taskwait [clauses]

> enfocces wonitina for complelion o(mw losks
mU\'G"emlus‘ton construels: E &(

#pragma omp critical [(name)] - B Otder uno!e(meo(. mu‘al exc[usion 3&&&'&'\"&84

<structured statement>

#pragma omp atomic [read|write|update|capture]

<atomic statement> Q‘ppoc‘-s FAAireskicJeJ Kom
Locks :

void omp_init_lock(omp_lock t *lock); —JO .

void omp_init_nest_lock(omp_nest_lock_t *lock); Ml’ "‘n coﬂJ\hOﬂ Venables

vo:i.d omp_destroy_lock(omp_lock_t #*lock); "P\'OV'!JQS ncs‘.ed (OCkS wi“lou& h. -luk
void omp_destroy_nest_lock(omp_nest_lock_t *lock);

void omp_set_lock(omp_lock_t *lock); —Joes ng" Prov',Je TCGJBT’M -wﬂk‘- locb

void omp_set_nest_lock(omp_nest_lock_t *lock);
void omp_unset_lock(omp_lock_t xlock); ‘OPOIIMO is IIO“ 'm"eneleo! (OI' ‘ocl( P(O&&M’I‘%

void omp_unset_nest_lock(omp_nest_lock t *lock);

#pragma omp simd [clauses] #pragma omp parallel for simd [clauses]
for (<canonical form loop range>) for (<canonical form loop range>)
<loop body> <loop body>
#pragma omp for simd [clauses] #pragma omp taskloop [clauses]
for (<canonical form loop range>) for (<canonical form loop range>)
<loop body> <loop body>
b\( execu\mo\ non-pqm“isob\e ‘m\- sae\cm\-m\\‘i
Q
#pragma omp ordered —one oro!eteo‘ Hoch Pe(‘ ‘00‘)

<structured statement>

- bﬁms ovechead gllous ‘m-\in\ Parol\zlia\m
ca[kggves cise o fo“q sheict conpuhhons

\
cilk spawn <function call>-peﬂ¢m"e l'ask
oop

cilk_sync same @s "'aslz. o =>a\\ows mﬂ%’d\% PMB‘CM "D Le 60‘\2& wofk-ophm“\'
cilk for (<canonical form iteration space>) <loop body> w‘“\ .[:C'\)'OC'\) Q’\J T“('\)’OC(Q&'\)




