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YncneHHoe nHTerpmpoBaHne (MeToa npsiMoyrosibHNUKOB)

flz)
A CDopMyna cpegHnXx NpsaMoyrosibHMKOB const double a = -4.0; /* [a, bl */
const double b = 4.0;
const int nsteps = 40000000; /* n */
double func(double x)
{
return exp(-x * x);
}
double integrate(double a, double b, int n)
{
double h = (b - a) / n;
double sum = 0.0;
for (int 1 = 0; 1 < n; 1i++)
sum += func(a + h * (i + 0.5));
> X
b sum *= h;
return sum;
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#pragma omp atomic + foKanbHas NepeMeHHas

double integrate_omp(double (*func)(double), double a, double b, int n)

{

double h = (b - a) /7 n;
double sum = 0.0;

#pragma omp parallel

{ BpyuHyto onpegensaem gmnana3oH
int nthreads omp_get_num_threads();
int threadid omp_get_thread_num();
int items_per_thread = n / nthreads;
int 1b = threadid * items_per_thread;
int ub = (threadid == nthreads - 1) ? (n - 1) : (lb + items_per_thread - 1);
double sumloc = 0.0;

[Ib, ub] 3HaueHwn i Ana KaXxaoro NoToka

for (int 1 = 1lb; 1 <= ub; 1i++)

sumloc += func(a + h * (1 + 0.5)); -
( ( )) = KaxkAbl NOTOK HaKanJinBaeT cyMMy

#pragma omp atomic BCBOeMﬂOKaﬂbHOMﬂGpEMEHHOMSUﬁﬂOC

sum += sumloc: = 3aTeM aTOMapHOIi onepaumei BblUMCASETCS

¥ . WTOroBas cymMma
sum *= h;

return sum;



double integrate omp(double (*func)(double), double a, double b, int n)

{

PacnapannenmeaHune Unknos (#pragma omp for)

double h = (b - a) / n;
double sum = 0.0;

#pragma omp parallel
double sumloc = 0.0;
#pragma omp for
for (int 1 = 0; 1 < n; i++)

sumloc += func(a + h * (i + 90.5));

#pragma omp atomic
sum += sumloc;

sum *= h;
return sum;

i=0

Pa36ueHne npocTpaHCTBa ntepaLui
Ha CMe)XHble HemnpepbiBHbIE YacTU

Pa3buBaeT NpoCTpaHCTBO UTepauunin Ha nthreads
HenpepbIBHbIX CMEXHbIX NHTEPBaNoB
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PacnpeneneHue ntepaunin no NnoTokam

O0o3HayeHus:

= P — 4YXCJIO MOTOKOB B MapasiyiesisHoM perunoHe (nthreads)

= q = ceil(n/p)

"n=p*q-r

#pragma omp for Pa3zbueHue Ha p CMeXHbIX HenpepbiBHbIX AMana3oHa

for (int 1 = 0; 1 < n; i++ N
( ) ) ) = [lepBbIM p - r NOTOKaM AOCTAeTCA N0 q UTepaunn, oCTasibHbIM r

NOTOKaM —no g - 1

* Mpumep gnsip=3,n=10(n=3*4-2):
0000111222

#pragma omp for schedule(static, R) Lluknuyeckoe pacnpepenenue utepauui (round-robin)
for (int i = 0; 1 < n; i++) v
= [lepBble k nTepaunn goctatotca notoky 0, cnegyowme k

nTepaunn NoToky 1, ..., k nTepaumm NoToky p - 1, n 3aHOBO K

nTepaunn notoky 0 n 1.4.

= NMpumep anap=3,n=10,k=1(n=3*4-2):
0120120120



PacnpeneneHue ntepaunin no NnoTokam

O6o3Ha4YeHus:

= P — 4YUCJI0 MOTOKOB B NapasiienbHOM pervoHe (nthreads)

= q = ceilln/p)

"n=p*q-r

#pragma omp for schedule(dynamic, R) OuHaMmuyeckoe BbigeneHue 610KoB no k nrepauun

for (int 1 = 0; 1 < n; i++ .
( ) ) ) = [loToKM nonyyvatT No K ntepaumin, No OKOHYaHMIO X 06paboTku

3anpawmnBsatoT ewe k ntepaunn n T.4.

" 3apaHee HEN3BECTHO KaKnNe ntTepaunn 0OCTaHyTCAd NMOTOKaM
(3aBUCUT OT nopsaaka n AJIMTENbHOCTU UX BbIMOJIHEHUS)

#pragma omp for schedule(guided, R) IOMHaMuyeckoe BbiaesieHne yMeHbLUualoLWwmxca 610KoB

for (int 1 = 0; 1 < n; i++) v ,

= KaXAbI NOTOK nosiydaeT n/ p ntepauum

= [1o OKOHYaHMIO NX 06paboTKK, N3 OCTABLUMXCA N' UTepaLuni NoToK
3anpawmneaeTn'/p



const int a
const int b

int

{

int

[loacyeT Konm4yecTBa NPOCThIX Ynucen

1;
10000000,

is_prime_number(int n)

int limit = sqrt(n) + 1;
for (int i = 2; i <= limit; i++) {
if (n % 1 == 0)
return 0;

return (n > 1) ? 1 : ©;

count_prime_numbers(int a, int b)

int nprimes = 0;

if (a <= 2) {
nprimes = 1; /* Count '2' as a prime number */
a = 2;

) .

if (a % 2 == 0) /* Shift 'a' to odd number */
a++;

/* Loop over odd numbers: a, a + 2, a+4, ... , b */

for (int i = a; 1 <=b; i += 2) {
if (is_prime_number(i))
nprimes++;
}

return nprimes;

Onpep,enﬂT, ABNAETCA N
UNCNO N NPOCTbIM

[ToacumnTLIBaET KONNYECTBO
NPOCTbIX YnC/e B MHTepBane [a, b]



[ToocyeT Konm4yecTBa NPoCcThixX Ynucen (OpenMP)

int count _prime_numbers omp(int a, int b)

{

int nprimes = 0;

if (a <= 2) {
nprimes = 1; /* Count '2' as a prime number */
a = 2;

) .

if (@ % 2 ==20) /* Shift 'a' to odd number */
a++;

#pragma omp parallel
int nloc = 0;

/* Loop over odd numbers: a, a + 2, a+4, ... , b */
#pragma omp for
for (int i = a; i <=Db; i +=2) {
if (is_prime_number(i))
) nloc++; Pas36bunu nHTepBan [a, b] npoBepsieMblx uncen
Ha CMEXHbl€ HENMPEPbIBHbIE OTPE3KN
#pragma omp atomic
nprimes += nloc;

}

return nprimes;



HepaBHOMepHa4d 3arpy3ka notokos (load imbalance)

int count_prime numbers omp(int a, int b)

¢ int nprimes = 0; $ OMP_NUM_THREADS=4 ./primes

if (a <= 2) {
nprimes = 1;

Count prime numbers on [1, 10000000]

a = 2; Result (serial): 664579
%F (a % 2 == 0) Thread 0 execution time: 1.789976

a++; Thread 1 execution time: 2.961944 Load
woragna omp parallel Thread 2 execution time: 3.004635 imbalance

Thread 3 execution time: 3.588935

double t = omp_get_wtime(); Result (parallel): 664579

int nloc = @; Execution time (serial): 7.190282

#pragma omp for nowait Execution time (parallel): 3.590609

T isprime numben(iyy Speedup: 2.00

nloc++;

} /* 'nowait' disables barrier after for */
#pragma omp atomic MoToKM 3arpy>xeHbl He paBHOMepHO (load imbalance) —
nprimes += nloc; NOTOKM C BONbLINMM HOMEPAMIN BbIMOHAKOTCA A0MbLUE

t = omp get wtime() - t; 5
printf("Thread %d execution time: %.6f sec.\n", [pnymnHa’
omp_get _thread_num(), t);

}

return nprimes;

}



HepaBHOMepHa4d 3arpy3ka notokos (load imbalance)

int count _prime_numbers omp(int a, int b)

{

int nprimes = 0;

if (a <= 2) {
nprimes = 1; /* Count '2' as a prime number */
a = 2;

) .

if (a % 2 == 0) /* Shift 'a' to odd number */
a++;

#pragma omp parallel
int nloc = 0;
/* Loop over odd numbers: a, a + 2, a+4, ... , b */

#pragma omp for
for (int i = a; 1 <=b; i += 2) {

if ﬁag:}rj‘e_”umbe"(i)) HeaddhekTnBHOE pacnpenesieHne ntepaumnin no NoTokam
}
#pragma omp atomic = Bpewms BbINosHEHUA GYHKUMW is_prime_number(i) 3aBUCKT OT 3HaYeHNS |
) nprimes += nloc; = [loTokaM C 60AbLLIMMU HOMEPaAMU AOCTANNCh 6ONbLUME 3HAYEHUS |
return nprimes; 00000000000001111111111111222222222222333333333333



[nHaMn4eckoe pacrnpeneneHne ntepaunn

int count_prime_numbers_omp(int a, int b)

{

int nprimes = 0;

if (a <= 2) {
nprimes = 1; /* Count '2' as a prime number */
a = 2;

) .

if (a % 2 == 0) /* Shift 'a' to odd number */
a++;

#pragma omp parallel
int nloc = ©;

/* Loop over odd numbers: a, a + 2, a+4, ... , b */
#pragma omp for schedule(dynamic,100) nowait
for (int i = a; i <=b; 1 += 2) {
if (is_prime_number(i))
nloc++; AvHamMuuecKkoe pacnpegeneHue
} /* 'nowait' disables barrier after for */ utepauymnin 6nokamm no 100 aneMeHTOB

#pragma omp atomic
nprimes += nloc;

}

return nprimes;



Speedup
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a=1, b=10000000
gcc 4.4.7

Linear speeldup |

— Default
static,1

dynamic,1

static,100

dynamic,100

guided 100

2 4 6 8

Processors

BolumcnutenbHblia y3en knactepa Oak (NUMA)
= 8 sapep (aBa Intel Quad Xeon E5620)

= 24 GiB RAM (6 x 4GB DDR3 1067 MHz)
= (Cent0S 6.5 x86_64 (kernel 2.6.32), GCC 4.4.7
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a=1, b=10000000

| |
Linear speedup ;

~ dynamic,100

gcc 4.8.3

2 4 6

Processors

BoluncanTtenbHbl y3en knacrepa jJet (SMP)
= 8sapep (aBa Intel Quad Xeon E5420)

= 8 GiB RAM
= Fedora 20 x86_64 (kernel 3.11.10), GCC 4.8.3



[1pnBA3Ka NOTOKOB K MNpoL.eccopam

10.00 |
Linear speedup

9.00 - Jet SMP-node —
Oak NUMA-node —e— . export OMP NUM THREADS=8

export GOMP_CPU AFFINITY="0-7"

8.00 [

2 00 ./primes
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3adaHne

Peanin3o0BaTh NapassiesibHy0 BEPCU0 MPOorpaMMbl NOACYETA YNCAa NPOCThIX YNCET
B 3aJlaHHOM MHTepBaJse

= HanucaTb Ko4 pyHKUKUK count _prime_numbers omp C UCMONb30BaHNEM
#pragma omp for n nokasnbHOW nepemeHHon (cnang 11)

= 00O6NTLCSA PAaBHOMEPHON 3arpy3Kun NOTOKOB, OLLEHUTb YCKOPEHWE NPorpamMmb
Ha 2, 4, 6 n 8 NOTOKaXx

LLla6noH nporpamMmmbl HaxoAUTcs B KaTanore _task
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