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const double goldenratio = 1.618; /*
double vec[1000]; /*
int counter = 100; /*
double fun(int a)
{
double b = 1.0; /*
static double gsum = 0; /*
_Thread_local static double sumloc = 5; /*
_Thread_local static double bufloc; /*
double *v = malloc(sizeof(*v) * 100); /*
#pragma omp parallel num_threads(2)
double ¢ = 2.0; /*
/* Shared: goldenratio, vec[], counter,
/* Private: sumloc, bufloc, c */
}
free(v);
}

BuonmocTb gaHHbIX (C11 storage

Static (.rodata) */
Static (.bss) */
Static (.data) */

Automatic (stack, register) */
Static (.data) */

Thread (.tdata) */
Thread (.tbbs) */

Allocated (Heap) */

Automatic (stack, register) */

b, gsum, v[] */

[ ] Shared data
[ ] Private data

duration)

Stack (thread 0)

int b = 1.0
double c = 2.0

Stack (thread 1)
double c = 2.0

Heap
double v[100]

.bss (uninitialized data)
double vec[1000]

.data (initialized data)

int counter = 100
double gsum = 0

.rodata (initialized read-only data)

const double goldenratio = 1.618

tbss tbss
int bufloc int bufloc
tdata tdata

int sumloc = 5

int sumloc = 5

Thread ©

Thread 1




BuonmocTb gaHHbIX (C11 storage

Static (.rodata) */
Static (.bss) */
Static (.data) */

Automatic (stack, register) */
Static (.data) */

Thread (.tdata) */
Thread (.tbbs) */

Allocated (Heap) */

$ objdump --syms ./datasharing

./datasharing:
| SYMBOL TABLE:

duration)

Stack (thread 0)

int b = 1.0
double c = 2.0

Stack (thread 1)
double c = 2.0

Heap
double v[100]

.bss (uninitialized data)
double vec[1000]

.data (initialized data)

int counter = 100
double gsum = 0

file format elf64-x86-64

0000000000601088 .bss 0000000000000008
0000000000000000 .tdata 0000000000000008

const double = 1.618; /*
double [1000]; /*
int = 100; /*
double fun(int a)
{
double b = 1.0; /*
static double = 0; /*
_Thread_local static double sumloc = 5; /*
_Thread_local static double bufloc; /*
double *v = malloc(sizeof(*v) * 100); /*
#pragma omp parallel num_threads(2)
double c = 2.0;
/* Shared: goldenratio, vec[],
/* Private: sumloc, bufloc, c *
}
free(v);
}

0000000000000008 . tbss 0000000000000008
00000000006010c0 .bss 0000000000001f40
000000000060104c .data 0000000000000004
00000000004008e0 .rodata 0000000000000008

gsum. 2231
sumloc.2232
bufloc.2233
vec

counter
goldenratio




ATpnOYTbl BUOUMOCTU OAHHbIX

#pragma omp parallel shared(a, b, c) private(x, y, z) firsprivate(i, j, k)

{

#pragma omp for lastprivate(v)
for (int 1 = 0; 1 < 100; 1++)

}

shared (list) - yka3aHHble nepeMeHHble COXPaHAIT UCXOLHbLIA Knacc namaTtu (auto, static, thread local),
BCe rnepemMeHHble KpoMe thread local bynyT paspnenseMbiMu

private (list) - ona Ka)xaoro NoToka Co30al0TCA JIOKaIbHble KOMUWN YKa3aHHbIX NepeMeHHbIX
(automatic storage duration)

firstprivate (list) - nna KaXxaoro NOToKa CO34al0TCA JIOKAJIbHbIE KOMUK nNepeMeHHbIX (automatic storage
duration), OHV MHNLWANN3NPYIOTCA 3HAYEHNAMU, KOTOPbIE NMMesIn COOTBETCTBYOLWME NepemMeHHble 40 BX04a B
napasnfieNibHbIN pernoH

lastprivate (list) - 019 Ka)XKaoro NoToka Co34al0TCA JIOKaJIbHblIE KOMUK NepeMeHHbIX (automatic storage
duration), B nepeMeHHble KOMUPYIOTCS 3HAYEHNS NOCNEeAHEN UTepaLumn LUnkKna, NMbo 3Ha4YeHns NnocneaHen
napassienlbHOM CceKkunm B Koge (#pragma omp section)

#pragma omp threadprivate(list) — nenaet ykasaHHble cTaTn4yeckme nepemMmeHHble noKasbHbIMK (TLS)



ATpnbYTbl BAANMOCTWN OAHHbIX

void fun()
int a = 100;
int b = 200;
int ¢ = 300;
int d = 400;

static int sum = ©;
printf("Before parallel: a = %d, b = %d, ¢ = %d, d = %d\n", a, b, c, d);

#pragma omp parallel private(a) firstprivate(b) num_threads(2)
int tid = omp_get thread num();

printf("Thread %d: a = %d, b = %d, ¢ = %d, d = %d\n", tid, a, b, c, d);
a =1;

b 2;

Before parallel: a = 100, b = 200, ¢ = 300, d = 400
#pragma omp threadprivate(sum) Thread 0: a = 0, b = 200, c = 300, d = 400
SUM+TS Thread 1: a = 0, b = 200, c = 300, d = 400
#pragma omp for lastprivate(c) After parallel: a = 100, b = 200, ¢ = 99, d = 400
for (int 1 = @; i < 100; i++)

c = 1;
/*¥ ¢=99 - has the value from last iteration */

}

// a =100, b = 200, c = 99, d = 400, sum
printf("After parallel: a = %d, b = %d, c

1
%d, d = %d\n", a, b, c, d);



YncneHHoe nHTerpmpoBaHmne (MeToa npsMoyrosibHUKOB)

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;
0 x L, Ly n—1 }
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[lapannenbHasa Bepcus

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++;
} /* 'nowait' disables barrier after for */

#pragma omp atomic
nprimes += nloc;

} : CyMmMupyem pesynbTaTbl BCEX NOTOKOB
return nprimes; y PYEM pesy.



Penykuus (reduction, reduce)

int count_prime numbers omp(int a, int b)

{

, ) B Ka)X[10M NOTOKEe Co3haeT private-nepeMeHHas nprimes
int nprimes = 0;

[locne 3aBepLueHnA rnapasiesibHoro permoHa K JIoKkaJibHbIM

{; %guiﬁ_: 5'{85 a prime number */ KOMUAM MPUMEHSETCSA onepaumns «+»

nprimes = 1;
a = 2;

Pe3ynbTaT peayKuun 3anncbiBaeTCs B MEPEMEHHYIO nprimes

}

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

JonycTumble onepaunn: +, -, *, &, |, ~, &&, ||

#pragma omp parallel

#pragma omp for schedule(dynamic,100) reduction(+:nprimes)
for (int i = a; 1 <=b; 1 += 2) {
if (is_prime_number(i))
nprimes++;
}
}

return nprimes;



HayanbHble 3HAa4YEeHUS NEPEMEHHbBIX PeayKL K

Identifier Initializer Combiner

+ omp priv = 0 omp out += omp in

* omp priv = 1 omp out *= omp in

- omp priv = 0 omp out += omp in

& omp priv = ~0 omp out &= omp in

| omp priv = 0 omp out |= omp in

~ omp priv = 0 omp out "= omp in

&b omp priv = 1 omp out = omp in && omp out

| | omp priv = 0 omp out = omp in || omp out

max omp priv = Least omp out = omp in > omp out ?
representable number in the omp in : omp out
reduction list item type

min omp priv = Largest omp out = omp in < omp out ?

representable number in the
reduction list item type

omp in

: omp out




ObbeanHeHne NPOCTPAHCTB UTEPALIUA LINKIIOB

enum {
4,
1000000

s

float m[M * N];
= Yncno noTokoB MOXET ObITh 60bLUE YMCNa UTEPALIMA LKA

void fun() = YacTb NoTokoB byneT npocTamBaTh (He XBAaTUT UTepaumin)

#pragma omp parallel

#pragma omp for
for (int i =0; i < M; i++) {
for (int j = 0; j < N; j++) {
mi * N+ §]7= i % 3;
}



Py4HOe 06beanHeHne NpoCcTpaHCTB NTepaummn LNKII0B

void fun()

{
#pragma omp parallel
{
#pragma omp for
for (int ij = 0;
int 1 = 1ij /
int j = 1] %
mfi * N + j]
}
}
}

1 <M * N; 1ij++) {
N;

N;

i* g

NMpumep
CTpoK M = 2
CtonbuoB N =5
[loTokoB p = 4
for iy =0, 1, 2, 3, 4, 5,6, 7, 8 9

CTaHgapTHOe pacrnpejeneHne ntepauuii:
n=p*q-r, q-=ceil(n/ p) =3

0: 0, 1, 2 -- (0, 0), (0, 1), (0, 2)
1: 3, 4, 5 -- (0, 3), (0, 4), (1, 0)
2: 6, 7 -- (1, D, (1, 2)
3: 8, 9 -- (1, 3), (1, 4)



ObbeanHeHne NPOCTPAHCTB UTEPALIUA LINKIOB

void fun()

{
# llel
{pragma omp paralle Mpumep
#pragma omp for collapse(2) CTpoK M = 2
for (int i = 0; 1 < M; i++) { Ctonbuos N =5
for (int j =0; J < N; J++) { MoTokoB p = 4
mii * N + j] =i * 3;
) ; for ij =0, 1, 2,3, 4, 5,6, 7, 8, 9
y ’ CTaHpapTHOE pacnpejenieHne UTepauuii:

n=p*q-r, q-=ceil(n/ p) =3

, 2 -- (0, 0), (0, 1), (0, 2)
y D -- (0, 3), (0, 4), (1, 0)
-- (1, D, (1, 2)

-- (1, 3), (1, 4)
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OunpekTnebl master u single

void fun()

#pragma omp parallel
BbINosHseTcs noTokom ¢ Homepowm 0

#pragma omp master

printf("Thread in master %d\n", omp_get thread num());

BbInonHseTcs ogmH pas, 1H06bIM NOTOKOM
#pragma omp single

printf("Thread in single %d\n", omp_get thread num());



bapbepHada CUMHXPOHU3aL NS

void fun()

{
#pragma omp parallel
{

// Parallel code

#pragma omp for nowait

for (int 1 = 0; 1 < n; 1++)
x[1] = f(1);

// Serial code H
#pragma omp single #pragma omp barrier

do_stuff();
- O [ToTOKM XAOYT NOKa BCe€ HE OOCTUTHYT

#pragma omp barrier 3TOro MecCTa B nporpamMmme
// Xpem rotoBHOCTU X[0:n-1]

// Parallel code

#pragma omp for nowait

for (int 1 = 0; 1 < n; i++)
y[i] = x[i] + 2.0 * f(1i);

// Serial code
#pragma omp master
do_stuff_last();



Hopmanusaumsa apKoCcTn n3obpa>keHuns

const uint64_t width = 32 * 1024; const uint64_t height

void hist_serial(uint8_t *pixels, int height, int width)

{

int

uinté64_t npixels = height * width;

= 32 * 1024;

h[i] — Konn4yecTBO TOYeK LBeTa i B n30bparkeHmn (ructorpamma)

int *h = xmalloc(sizeof(*h) * 256);

for (int i = @; i < 256; i++)
h[i] = o;

for (1nt i-= 9; i« npixels; i++) —
h[pixels[i]]++;

int mini, maxi;

for (mini = @; mini < 256 && h[mini] == @; mini++);

for (maxi = 255; maxi >= 0@ && h[maxi] == 0; maxi--);

int g = 255 / (maxi - mini);

for (int i = @; i < npixels; i++)
pixels[i] = (pixels[i] - mini) * q; —

free(h);

main(int argc, char *argv[])

uint64 t npixels = width * height;

pixelsl = xmalloc(sizeof(*pixelsl) * npixels);

hist serial(pixelsl, height, width);
/] ...

LUT]i] = 255- v fmin

Ima:lc - -'-rﬂ:liﬂ




3afaHune

= Pa3paboTaTb Ha OpenMP napannenbHyo BEPCUIO NPOrpPpaMMbl — HaANUCaTb KO
PyHKLMK hist_ omp

= LLlabnoH nporpaMmbl HaxoouTCS B KaTanore _task

10.00

|
Linear speedup

7.00
6.00

Speedup

5.00
4.00
3.00

2.00

1.00

Processors

BapuaHT pelueHns HaxoanTbcs B kaTasore 7_hist
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