


Cours1 Qpenmp ( onubi- threaded pwn.llelis,o:ﬁorq
# muttithreoding: method of parallelizing whereby o.master 4nreodt (. gedies of instructions executed mnseautively )

forks a gpecified number of slave Hheeads and the system divides atosK among +hem.

T. Documertation / bose
it omp - get- num_threods (void); returas-the number of threads in the curent +eam

(#hat isexecuting the parallel region to which +he rutine region binds)
IF called fom-the sequedtiol partof a- grogram, +his routine retums 4.

(region posalicled

ot omp ge\-_-khmod_num(\mid\ : returns the thread number , within the cucrent team, of the calling-thread.
[O v geraum_+hreads -]

omp sections : distributes +he worlt among threads bound 1o a defined pavallel region

Xample aode 4:

#indude < cstudiod

#indude ‘unistd.h™

# indode COMRAT, wraa,

it madin ( ) f colcuBQ) § sleep (3); ferom 33

# pregma Gonp paraliel num=threads(3) §
it +hid = omp_get-+hread _num();
it aumth = omp_get_ num _ +hreads O);
priot€ ((“Hhid < %d ,numth = %d \n", +hid, num+h);

# pragmo. omp sections §
# progma. omp section
? deux = calcul2(); §
# progma. omp section
t 4rois = caleu30); 3
# pragma. omp Sechon
§ quatre = catcullc); 3
i
i

neuf- deux +*oiS + quatre;
retom Q;
)
T omp for C mo.nuo.lly/usmg omp $or]
&omple code [2]:
# indude <cstdio)
##include < vector>
# include “ Omp.n"
# indude “onistd.h™

ot mainC) §
int N= 100;
std :vectoclint > A(V);

/] code +o pacallelize
/ forCinti=0; i<Nj i) T ACT= o 3



# pragma. omp parallel AGM=+reads(l) §
it thid =omp- get - +hread . num();
ot nuth = omp- get - num- threads ();

/ méthode: avec omp Sections, chaque Section parmurs /Y iterodions
# progma. omp sections §
# progma. omp Sechionf
priot€ ( hello+hid = %d\n", +hid);
for (it =0; ANy &) T ACeT =45 .
3
# progma. omp Sechion { # progma omp Section t
priot€ ( “hello+hid = %d\n”, -\-hid)) priatf ( "hellothid = %d\n", +hid},'
for Cinta=My ALY T ACT = a5 for Cinti=3¥N/U; idnian) s ACcT =477

# pragma omp Sechionf
printf ( "hellothid = %d\n", -\-hid),'

for Cinka =2EN/ L 3N i) T ACCT = 45§

( 3
/[ métho le2: avec une Sevule boucle dormt e debut ef la. AD dlideration difeeat selon le +hid
it niter = N/ nuarth ; /I it debut = thid * N/ oumih;
int debut = +hid ¥ niter /ot o= (Wid+)* N/ nonmity;

int fine @Hhid == nuomh=1) ? N:(nid +1) #niter// int fin = (+hid+1) #oder S N divisible pa numth
for Citt ¢ = debut; A <R, 4++) § ALcT= x5

/l méthode 3 : pragma. omnp RS

documentotion:
ompor : direciive instructs +he compiler 4o distribute loop Heroions within the team of threads +hat encounters

+his work- sharing oostcoct

output:
#pragma. omp for i=0, +hid=0
o0 Ciot iz0; 4N,y 4+)¢ i =1, +hid=0
print £ (14 = 94 d; +hid= Y%d\a ") <,4hid);
ACiT=4i iz24, thid=0
y i=2S,+id=I
3 7= uq,+hid=! RLol=0
'For(l'(ﬂ%:O s<N; A'-'er fpﬂ'fﬂ'f‘ (‘ Af°/od]=°/0d\t\“, < Afi]) j 'S iz 90, thid=2 AL =1
return 0; Y i3y ,+hid=2
iz G, thd=3 ACaq] =99

TL. Conflits d'ecriture
documentodion:
pragma. omp odomic: directive ollows access of o. specific memory locadion om-omajico.uy. T+ ensuces +had
roce conditions ore guoided through direct corrtrol of concurent +threods that
might read or weite to or from the. pacticlar memory locoion.
pragma omp Hor redoction (+:K ) . data sharing odtribute clauses #hat can be used o perform some forms of
( reduction (L reduchion - medifier , Jreduchion- identifier: list) recurrence Caleulodions in posodle!.

+y—, 4, 8,1,% 54 and (I




Example code [3]:

# indude <cstdio)
#£include < vector)

# include “Omp.h"
# indude “ooistd.h™

it main () §
int V= 1000000 ;
iM'K:Oj

/| code +o parallelise:
/ for (int iz0; idN; ) K=Kel;

# progmo. amp parallel num—threads() §

Nlméthade 1 :lent cas choque operotion est atomic .

# proagma. omp for
for (it £ =05 <<t ja+) T
# pragma. omp atomic
K =K+l;

Il mé&thode3 « gordoton
# progma. omp o reduction(C+:K) ™
for(int c=0; sV ;i44) T
K=K+l;
;3
print £(“K=%d, N=% d\n", K,N);
retuen O; 3

+ codes do TP

/] méthode 2 : rapide aar iloy o
qu'une sevle opefadion atomic @ lo.Rn

iot Klocal =0;
# pragma. omp for
for(int i=0; «dN; i+)8§
Klocal = Klocol+1; 3
# progma. omp atomic
K=K+ Klocal ;



Cours 2 ( decoier axrs de prog Po.ro.llé\e.)

MPT.
[)oTJmemod-ion:
HOT _ Tt inthalise NPT ) in+(¥arge, char *rwargy)
int HP1 _1ni4-(3-a.rgc, &orgv\
Ly(si main (intasge, char *#00gV )
HPI _Gomm_ anl: donne le rang do pro@ssus oppelant daas up communicateur
it HPT _ Comm_ ranld (MPI _ Gmm omm, int+ i‘m.nk)
HP - Comm_size: donne la.faille (nombre de processus) du groupe assode’a un communicateur
in+ NHPI _ Comm_ size (HPI_Comm amm, (n+ #Size)
HPI _Send: enuoi dlun message point a point ( blocKing send)
int HPT _Send (const void #buf, intcount, HPI _Datadype datetype, int dest
inttag, HPI_Comm comm);
HPI - Recu: reeeption bloquante (blocking recieve) d'oh message point d point
int NPT Recv (void #bof int coomt, HPl Datotype datadype, int soucce, inttag,
HPI J mm comm, MPIZStatus #statos) ( bof: poindenr yers o zone mem of envoyer / nccevo(r)
HP1_Finalize: termine HPL
int MPI _finalize (void)
ooostantes HPI:

HMPI - STRTUS _IGORE: cte prmettant dlindiquer qoion ne souhaite pas recwperer le HPT _status
MPI _ COMH . WoRLD: commouniaxteur pred éhni contenant tous les processos HPL disponible s

Coucs:

Un messoge NPI est coradnse’ par (e triplet:
(commounicator ; cank - souree / dest , tag)

et par une signature de dopneles (count, datatype)

un HPI _Recv ‘match® un MPT Send =i :
- méme communiaxdtor
- Source adfendue par le edeve comespond au dest do send (ou wildm!d)
- lefog corespond( oo wild ard)
- lo.ception o-un Jompon  bof asse2 grand pouc contenir (e mesmge_( Sinon +ronaxdure )

Example de
# inclode £ cstudio)

# indode tonistd.h™
7/ indode “mpi. k"

int colawl2Q) T sleep (2, retun 2;§
int calcul3() { sleep@d), retum?d;
int calcolU (1 SleepC); return ;g

int main (int aege, char #«arqu)
HPT _ Toit( forge, bargy);



// recuperer lidentifiant ( rank) etle nombre de processus ( size )
it canls, size;

MPT -Comm_ rank (HPT _COMN_ WORLD , $caak );
MPT _ Comm_ size (HPT _ CoMM- WORLD , B size ) ;

int deux, trois , quatre, neuf;
/] e groessus O (ance alcul2C) ensvite reoit les valeurs do Calcut3() et calwlU() des @ocessus et 2
/l enfin, italcolla yoleur nNeuf, puis \'eoudie aux processus |et 2

i‘F(fUI\H ::O) E
deux = Caleol2(); buf coont Olialype. SOOe +os
MPT _ Recy ( ftrois, 4, MPL_INT, 1, O, MPI_CONMM_WORLW, HPT _ STATLS . IGNORE ) ;
MPT _ Recu ( bquois 4, MPL_INT,2, O, HPT_ COMM_ WORLD, HPT _ STRTUS - IGIORE )
neof = deuy +troiS + quatre;
HPT _Sead (boesr, |, HPI_TWT, |, O, HPT .CONM- WORW),
MPL_Sead (breof, [, HPI_TINT, 2,0, HPT _COMM- WoRwW);
%
/ processug 1 effectue qal@l3(), envoie la.valeur au processus O, rqit la.val neuf fnale
ese i€ Crank == 1§
+rois = call30)
HPI _Send (Y+rois , 1, HPT_INT , 0, O, HPI_ COMM.WORLD),
NPT .Recv ( Bneuf , ), HPT.INT , O,0, HPI. COMM_WORLD, NPT _STATUS. I6nN0Re);

E;

# processus 2 effectue calall(), envote la.valeur oo processus O, rait o val teof fnale
else 1€ (rank ::'2)]?

quat = calool L‘()y

MPT -Send ( §quade, 1, HPT_INT , O, O, HPI. COMM.WORLD);

HPI .Recv ( Boeof , ), HPT.INT , 0,0, HPI. CONM.WORLD , MPI_ STATUS. TeNoRe);

L

Enrd ("proa:ssos : %d/ Yod ) n@F: Yo d\a" ,rank, Size, newf) ;
HPI. Rnatrze(),
retoen O,

AVY: (SMNOD)
vectoriser des aalculs Sor tablequx de float

1) SIMD et mgistres AU
SIMD: Single instroction, Muttiple data
(une sevle instruction CPU opere Sur plusieurs valeors en poro.lle‘le\
P/ AUXL: registres vectonels de 256 bits
—>y pourdes float (32 bit)): 266 /32 = § = un registre — w256 contient 2 floats
Ly +ype c/C++ represertant un Uecteur de 8 floais




« chamgement / stocdage:
-mm256 . loadu .. ps(floatconste P : charge @ float s depois p (non oJ(gne:)
— mm256 _ storey- ps( Floats p, __m25% o): stocke R flocts vers p Coon O..lignc,’)

° a.rl-l-hmé‘hqoe C:H'PQJ' et
- mm 2S6_add - ps(a,b):
- mM2S6 -sob - ps (e, b)

—mm2S6 - mol- ps (a,b)
- mn2% _ div- ps(a,b)

Exem ple cocle:

objectif: Caleuler Vo € §0,

)78, 200 = xLeds yoi]
en une seule opefation vectorclle sur 2 demeats

/| comgpilation: g+ -02 qux-exemple.cpp— O oux-exemple - mayx2

Il execuch on ./avx - exemple

# include <estdie>
# include < immintrin.hY

irtain() §

foat XE?] = Eo) 1,2,3,4,5,6 33;
float YL %] =§2,2,2,2,2,2,2,2%,
float 2[ 87,

/| de6inir 1es vanables RUX conteaont § flo+ants dhacwne
— m286 vecx, vecy, vecz;

VecX = _mm 2% loado_ ps( 4xL07); /M copie xL0T

xC7] dans on eegistre AUX
vecy = —mm2%_leado — ps ( ByL07); // @wpie yrod

yC?] dans vacegistre AUX

vecz = - mm2S6_ add - ps(vecx, vecy); !/ eddition elt por et
— om2S6_ storea_ps (2007, vecz); // stocker les Relts devecz daasle -abley 2

cCint = O; (< 8; £++) S pn‘{H(" Yot ™, Zfd'])
stdi: pant€ (*\n*);

5

retom Q,

@s qenefal: tableaw detaille V
%: traiter 2 par @, Pois finic les  dernie's Eléments  si N nest fas Multhple de ®
— ™M2S6 vecx, vecy,vecz; [(N1&:z 0y (st Nmed 8 ;éo) P

R (,‘ i+ < N jR=is8)? — foc (; £&N; L+4)3
VecX = _mm 2%- leado. ps( 4xL[x T); 20T =xc 1a yC< 2y
vecy = - mm25%._ loado — ps ( ByLiT); ¥

3

yecz = - mm2S6_ add - ps(vecx, vecy);
— mm2S6_ storeo-ps ( & 2[.:7],vecz);




