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int mainQ) T
std :: shand (123)
it N= 1000 00,
std :: Vector<int > ACN) ;
std :: vedtor <int) 4empC);

(-"orénh:-_o,- LW A )l
AL:) = std:: rend);
3
avto start = std:: chrong.. high - resolution- docK:: now()j
# pragma omp porallel nom- H#veads (W)
# pragma omp sections §
# pragma omp section {
std s sort (A. begin(), A.begin()+ N/Y);
#aprnqma omp section {
std:: sort (A. begin() + N/, A.begin+ N/ﬂ’.
3
# pragma omp section 1
std :: sort (A. begin(d+ N/2, B.beginCM?*N/ﬂ;
3
# pragma omp section {
std:: sort (A. begin() + 3 /| A.beginC) + N );

5

-
# progmo. omp Sechions §
# pragma omp section f
merge ( gtempCol, §ALCO0I, NN,
L SACM], Nla-NI);
# pragma omp section T
mege ( ftemprvi] G ACY], 3eni- N2,
L] saC3#NAT, N-3* N/Y);

]

:'na*ge( A0 7, grtempla], M2,

frempl N/2] , N-N2);

otd :: chrono :: do cardion < dovble ™ +emps =

Shd: chron0.: high- resalution - docK *: new() -start;

Std:: eu+<< “Hemp de cleyl.®  asSertExo (R);
L] - 2L femp 8- @uat ()<< s\n?; et O,
L
Bob:
== -
ch g o 2k TxS) Ry xs)
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. code Sequentiel
« paralidisation osec Fpogma- omp for

« chaque Hhread « NP pooraalcoler pitocal « les gadiionner dans pi (\nmue portagee)

inline doutle F(doutleX) ¢ return (U /(s *:k:\) ;5
it main() 7

const int N = 100 OO0 000

double pi =00,

dovble 5= O/(double)N

I[ « Colculer e pi en sequentiel

auto start = stds Gono:: high. resolution -dlocK :1mow ();

for (inti=0 KN, <+
piz pi+ s,r( (4 #s) +-F((.;+s)#§)/2 ;3
std ucartd “pi = » << pi << std:end|;

#i(\clode £ hronc)
Ffindude <ioStream)>
Fincdlode " omp.h”

$td.: chrono:: docedion < double> +empsSeq= std :: Chrono:: high .. resolution - clock 1:a0w () - Start
Shd 3 cout << Temps Sequentiel: * << +emps Seq - UM()<< “\n”



# progma. omp paraliel

Pl = 0.0, start= std: chrono:: int thId = omp_get-+vaad- aom()y
high.. eeselotion - clock :: now() iot numTh = omp- get- num_+hreadsC);
/] Casculer lepi auec omp for e redoction int elemfarth = N/noniTh;

7 pragma omp parallel § int th0ebot = +hId # elemParTh;
#pragma. for reduction (+:pi) § it Thin;

foc(iot £ =G <Ny &) ]
pizpits#( F(cxd +f‘((.:+s)f§)/2 ;3

; 3 if (4hid == t\OMTh—D ?_'H\FTT\:N,'S
std ucast<< “pi = * << pi << std:endl; e\se F+hFin = +hDebut + elemParTh; §
std : cNeono:: doation < double> +OMPAr = dooble pilocl =0.05

Std :: Cheond:: high.. resolution. - dlocK :now () - start for{int > +hDebut; (LHhhin ; iwt) |

Shd = cout << Temps QMP for ¢ °

K+ OHPRN - U<\, pilocal = piLocel + ¢ #(#(;:s\d—‘((m); ) /2,3

F#eegma.omp  atomic

[| Clewler epi ot la.boode Riite a le.main P +=piLoali J

std: ol ...
TP2 He1 return O; )
Exol:
‘Affiche “ Hello Word ™ » le ;ang e le nombre Hotal de pro@ssos ( debU'}eXOZ)
F#inclode {cstdioy Finclodedestdio?
Ffindode mpi . h” FHindode. L io Streamy
F#indode “mpi - hY
int main (intarge,char#xargy) § using namespace std;
NPT _ InH-( b arge, Gomy);
int rank, size; int main Cint arge, char ##argy) {
MPI _ Comm_rank (HPT _COMM _WORWD , franK); MPI_ Tnit( §arge, Borgu)s
HPI _ Comm_Size (HPI_COHH_umLD, ﬁﬁi&)j int rank | size;
paatf ( *Hello world do process us %d/’/od \n'; onk , size), MPT _ Comm _faak
HPI . Finalize(); (MPT _CONM WORLD broak) ;
retuen0; MPL - Conm_Size
3 ( MPI _ (oML WORLD, &sice);
Bro2:

o Processus NG paic: envoyer un Mmessage-contenant le rang do Proessus ooy rastt ao EEOCSSUS impalr
comespondant. Recevoir le message do procesSus impair et Mafficher,
o PrOCZBUS fang impadr : receyoic le message  du processus Pair GSSOTE, PUIS enYOYerun message contenant la- valeur

int msg; fecue + (O x le processos oot
W(Crank %2==0) B8 (rank+\ ¥siz)) §
msg= ranK;

pantf ( * Processus Yod message. envoye aw pracessos %d: Yod \n”, ek, nk+l, msg);
HeI . Send ( &msg, Ly HBI- T0T, canked, O, HP1_OHM- WRLD);
MPT _ Razv ( &msg, 1, ML _INT, rank+l, O MPT - COMM _ WORLD, MPI_STATUS_ THNORE);
pant € (“Processus Yo d message regw du processes Yod: %d\n% rank, ranK +, msg) ;
J else iFCrank%2=21) §
HPT - Recy (fmsg, 1, MET _INT, rank -, 0, MPT_ MM _WORLD, MPL _STATOS - TGNORE)
Mg += 10 *rank;
MPT _ Send( &msq, 1, HPT ~INT, mak-1 , O, MPT_OMM_ WORLD);
jelsef
£
HeL SinalizeC);
retun 0; Y



(@il de pi, M formule )
P processustq chaque processus effectue lealol  coranant N/ valeurs axrsecutives de £
pois fusionne Son esuiktat auec. ceux. des awtres. Ay final ,+ous les preessus doivent auoic lo.valeorde T,

# indode. {io Streamy
Ff indode. “mpi - hY
inline dogble F(doubleX) ¢ retom (U /(1 *:\c\) ;3

if (raoK==0) ¢
pi = pilocod;
forCinte=(;cdsize ;C4e) T

ik main ( et angc, chor ke argu)t HOT _ Recu(§ piloel, 4, MPL.COUBE 14,0,
f‘pI_'I"*(%“"% borgu); HPT _CONM_ WORLD, HPL-STATUS _ TENORE);
ke 5 pi += pilocal; 3
const ot N = 10 000 0QY; PorCinte=t; Ldsze j i)t
double. pt =0.O; HeT_ Send ( B, 4,HPL-00URLE, ¢,0,
double s = 1.0 [double)N ; T ,
ok runth’, Size Ao h else? HeT _ Cottt-worLe) ;3

MPT_ end ( &pilecal , 4,HPI.DOVBLE, O,
6, HPT _ @HM_WoRLO);

HeT. Recy ( gpi, 1, HPL - DOURLE

HPI _OHH_WARLD, HPT_- STHTUS-IEVORE ),

pioke (" Rank: % d , pii%er\n", mok, pi) ; 3
i€ CM\K::O\ f_ pﬁﬂﬂ:("ﬂ". %0f \n", ‘\M),B
ik begin=( Nlsize) ¥ cank HPT FinalnC);
it end = Crank == size-U) ? (N/size) ¥(ronk+l); retom O;
dooble pilocal =0.0;
forCintc=begin; i end;an)f

piLocal += S+ ( £(x as)s f(ce Wes)) /25

HPL _ Gomm _ronk (MPT _COMM. WIORLD, &rank);
HMPT_ Comm_2ize (HPL _CoM! - WARLD, Ysize);

9
Exol:
o fusionne fobleaux 2por 2 ds les 12 ®/a processos, Py, — ., O contiendra. e +ableay Rnaltre’Ade +aille NP
(o de processus Hs puissance de 2)

@de delo-fusion uniquement:
ok coont = N
forCint r=Size, N, r=02)]
# (k< rr) §
i partner= ranK + "/2,'
std :: vector< double tempReacu(aont);
Std1: vecto < daubdle. 7 temps Nerge(aunt+@ont) ;
HeT _Recy ((YempsReuo], aunt, HPT - BoUBLE, pordner, 0, HPT | COMM_wORLD, HPT - STATS —IGNORE) ;
count ¥=2;
SHd - swap( Ay temp Herge) 5
jelse it Crank D=2 B ank<ry
it partne = rank - /o
HPI _Send ($R00], count, HPT_DOUBLE) partner, O, HPT . COMH - WIORLY) ;
break )
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TP3 Aux
Exo:
. Allover A er B FloatLN7] pois inthaliserAGT =

o £ copie le cotenve de R dans B (version non vectonse’ + ettonise )

foc Cint £ =0; c{dim, i ++)§ +ab4Cc J= +ab0leT; 3
Lloot #4060 = (foat )
malloc(dim £ sizeaf (Roat); o
flootr +abl=z (-F(oo_-{-y A . )
malloc ( dien + sizeof (2(00:(—\),- for(c=z0; < dim ~7; (+=9) |
forCiot ¢ =0, ildim; L+t P — m256 0= —mm236 - W-PSCthn);
—mm 256 — storeu - ps (el +4, 0);

moti]-_' £
+ab 4Ci1=0;3 Y
for (; £&dim; ) PrabAle]= tobOCi]; 3
ot
- mm 2S5 — Storew - tabi+s, 0);

for (=0, dim =81 ; 4= 317 -tm 256 — storev - ::((‘hb‘lu:-? 3’rl )

——m2S6 O = _mm?.GG_lDQd—PSC"'ObOf&); - mm 2S5 — Storen - PS("l‘O.b"H-L + & , cl);

— eS¢ 1 = - mm256 - load_ps(tabO e +€); _onm 256 _ storeu - ps (haes v24 03 );

—— M1 (2 = _ mm256 - load_ps (tabOre +16); 3
— M6 r3 = _mm').SG_lon_psC-l-aboﬁ +9_q],-

for ( ; KL dim; ca) PrabAlc]= tabOCe]; Y

sersion sequentielle free (+ob0); free (+ab1); oM O;
inline. Aoar produttSaalaire( float + A, Float £8, int 4aille) § . , ’ ¢ .
float es = 0.0 version AVX+ FMA + detoo\emn‘r(uncoumg)
for(size -t 420 ; < taille; c44) § inline float produit Scalaire BUX FNRDERCODLEHENT
4 s += AL 8L (fleat #—_ restrict _ f,Ploat #_ _ restrick - -B, int taui i€} §
A float zero[ 2] = §0,0,0,0,0,0,0,0]
3 —-mZ56 fest = _ mmB6_ loadu. ps(zer);
\krslor{\‘ AUX: . 0 Cent 6, Font 5 s —-m256 res2 = _ mmS6_ loadu. ps(zem);
intine float produit Saalaire * ooat ¥#B, int taille 3 _ .
float Z&OE?J’ 10, o, OJ 0,0/O, 03/’ —- 256 fes = — M6 lOO.dlL._ pS(ZQm),
—m256 rs = - mm296_ loadu. ps(2er); —-m256 sy = _ mmBS6_ loadu._ ps(zer);
for(size. b €z Q; (<{+aille; £+=8)]
—— m256 1o = —- m256_ (oad - ps (A+<); . NP e
i ebn . mi%_ oo ps (84d); foc( size. L« =0; K{toille; iv=32) }
—m2%6  Rabs __m256- mul. s (€a, OH); ~—m2% fql = _mmz6_loado-ps(A +L )i
fes = _mm256 _ add - ps (res, 10.B); -——m2% P2 = _mmz6 _loado-pS(A +& 4-?)1
3 .

- = - - ( \
float e TabLe]; m2% a3 = _mmz6_loado-pS(A +& +16 ),
- = 236 storeu- (s Tab, rey); ——m2% Y = _mmzs5_l00.d0—95<ﬁ L #2482
rtorn @sTab [0T+ vesTabl(] + rsTabl2]+ resTabl3) + &) ) {

. STOLLYT + .. & esTRLLT; ——m2% Pb) = _mmZ6 loado. ps(B Y
Jersion AVY+ FMA. (de@m (b2 13, 164
fotine float produitSataice AWFMA(Float ¥R, floct #8, int taille)? res ]| =-mm256 _ £mnadd - ps (€l ,een , (e3);
float zrol8] 10, 0,9, 6,0,0,05; s 2 =-mm256 _ fnodd - ps (€2 €02, 0s);
—m256 s = _ mm2S6_ locndu-pS(‘LQm); '
for(size- b £zQ; (<+aille; £+=8)} msg =-mmM236 _ feadd - ps ( 3 ’eb}i M\;
—— 256 o = — mB6_ toad - ps (A+<); s =-mm256 _ fnadd - ps (el ,ebY, res);
—-m1S6 Poz - m2%_ load _ps (B+4); '5
- 256 _ € _pS e&eb,m\;
3(:: mm nagdq - P (%, s = —MMS‘-Qdd—PS(ml)RSL-)JI

es3= — mmzZé.add-ps (res3, sy
resl= — mmzé-add-ps (rest, ves3)

) Y



Ex02:

N
but: calawler xTy = 43&'3,‘
L=

« allover x, y +abs de floot de +aille N ( divisi ble par 8) + initialisotion Cuoir temps diexec
o produit ecalaire: — fct non uacten'see / performances )
- €&+ vectonses

- vectodcee qui Utilise fused— muthiply-add (F HH)

- déroulement de (o boudle pos on factenrde 2 ety

(c.e.efedve 2004 iteations de \a. vesion precedente dans vae sevle itecation )
- (+ Etree _yedtanse)

alersion sequentielle::
inline. Aot produitSaalaite( float @, Float 8, int taille) §
float res = 0.0f
for(size -t =0 ; i< faille; &4+) f
s ¢= AC«J ¥« BL(T;
3
etora res;
3
\Jersion AUX:
inline floct prodoitSaxlaireAUX (float A, Float ¥B, int +aille) T
float zero[ 2] = {0, 0,0, 0,0, 0, 03;
—m256 es = _ mm2%6_ loadu- ps(zer);
for(size-k ¢=Q; (<{+aille; 4+=8)]
—— m256 1o = —_ m256_ load - ps (A+c);
—-m25% fbz -- mMm2¥_ load _ PS (8+4);
—m286  fabz - _m256_ mul_ ps (le, Qb);
res = -mm256 _ add - ps ( res, 0.B);
3
float re3sTabL®];
- — Mm2%6_Storen- Gs(tcs'l'ab, rts),'
retorn @sTab [0+ vesTabl(] + rsTabl[2]+ resTabl3) + &)
€sTab (YT + ... + esTabL3;
3
version RVY+ FMA.
totine float produitSalaice AWFMA( float #A, float #8, int talle)?
floct zero[¥] = {0, 0,0, 0,0, 0, 03;
—m256 's = - mm256_ loadu- ps(zero);
for(size- kb (=Q; i<+aille; 4+=8)]
— m256 la = - m%B6_ load - ps (A+<);
—-m25% oz —- m2%_ lood - ps (8+4);
res = _mm 256 _ Fenadd - ps ( €a.,Cb, res);
LY




version AUX+ FMA + déroulerment(uncolling)
inline float produit Scalaire BUX FNRDERCLLEHENT
(float *—_ restrict _ 4, Float #_ _ restrict - -B, int +ai [l€) {
float zero[2] = §0,0,0,0,0,0,0,0]
—-m256 fest = _ mmS6_ loadu. ps(zer);
—-m256 res2 = _ mmS6_ loadu._ ps(zew);
—-m256 res3 = _ mmS6_ loadu. ps(zem);
—-m2S6 res Y = _ mmS6_ loadu. ps(zem);

-PO('( Size. EL’:O,‘ K toille; {+= 31) {

~—m2% fq) = _mmz6 _loado-ps(A +[_)i

M2 Po2 = _mmzS _loado-pS(A +i+T);

——m2% g2 = _mmz6_loado-ps(A +& +16),

-——m25% fq Y _mm2§6_l00d0—95(ﬁ o #2497
)

~—m2% Pbl = _mmZ6 loado. ps(B )i

(de (b2 i3, 114

s ] =-mm256 _ foadd.- ps (ol ,061,ces);

s 2 =-mm256 _ fadd. ps (o ,002,res);

es3  =-mm256 _ fnadd - ps (a3 ,€65, res);

sl =-mm256 _ fmadd - pS (Cok ,ebY, res);

3
rsl= ~ mmzc_add-ps (resl, s
es3= -~ mm&Eé-add-ps CM';, esu)y

s |z — mmzé-add-ps (rest, res3)
o) Y



