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Amtodounon BBALoBkng OpenMP

e MetaBAnTec mePLBAAOVTOC
OMP_NUM_THREADS, OMP_THREAD_LIMIT, OMP_CANCELLATION, OMP_WAIT_POLICY

e Runtime functions

omp_set_num_threads, omp_get_max_threads, omp_set_dynamic, omp_init_nest_lock

e ObnyLlec KAL (PPATELC

#pragma omp parallel for schedule(static), #pragma omp single , #pragma omp sections
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Awavuopatikottoinon SIMD

Four summations (instructions) SIMD one summation (instruction)
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Etepoyevelc MNpoypappatiopoc - Offloading

Accelerator
initial thread

Accelerator
worker threads



YAOTtoMUEVA TTOUPAOELYLOTO

https://github.com/gkonto/openmp




SAXPY (1)

0id saxpy(size_t n, float a, const float #x, float #y) {
for (size_t i = 0; i < n; ++i) {
yli] = a x x[i] + yl[il;




SAXPY (2)

i Serial

-#-Fpragma omp parallel for
/' - Fpragma omp simd

== Zpragma omp parallel for simd

- Zpragma omp simd
#Fpragma omp declare simd uni-
10 form

~ Fpragma omp simd
#pragma omp declare simd uni-
form notinbranch

= #pragma omp target simd map
& #pagma omp target parallel for

——Fpragma omp target
#pragma omp parallel for simd
map

Executlon Time(sec)

- Fpragma omp target teams dis-
tribute map

—#pragma omp target teams dis-
tribute parallel for

== Zpragma omp target teams dis-
tribute simd map

= Zpragma target teams distribute
parallel for simd

~ -~ f#pragma target teams distribute
Number of clements parallel for simd is_device ptr




SAXPY (3) - Mapatnenoelg

H emAoyn petayAwttiong pe -02 O6sv edpopuolel
SLOVUOLOLTIKOTIOINON

e H ypnon #pragma omp simd epapuolet
SLOVUOLOTIKOTIOMNON

* H ekteAeon Tou TpoypapuaToc pe xpnon offloading
eppovilel YopnAeG eTitOOOELG

e Ato TOo Ypovo ekteAeonc ue offloading, to 98%
opeAETOUL OTNV AVTIOTOXLON TWV OEOOUEVWV

e H ekteAeon ue is_device_ptr gudovifel TTIOAU KOAEG
eTILOOOELG




YttoAoyiopoc 11 (1)

1 double pi(long num_steps) {
T :/ 5 dr = Z 2,& int upper_limit = 1;
o 1+ - I+ double step = upper_limit/(double)num_steps:;

double sum = .0, pi = 0.0;
1 for (int i = 0: i < num_steps; ++i){
A:ﬁ double x = (i + 0.5) * step:
sum += 4.0 / (1.0 + xxXx);

pli = step *x sum;
return pi:;




YTtoAoyiopocg I (2)

Execution Time(sec)

Dl—-==?===!===—_ﬁ

100000000 200000000 30000

0000 400000000 500000000 600000000

- serial
- #pragma omp parallel

~#pragma omp parallel
#pragma omp atomic

-4 H#pragma omp parallel for
reduction

-»—#pragma omp parallel for
simd reduction

—~#pragma omp target teams
distribute parallel for simd

map reduction




EcwTteptko ywvouevo(1)

== Serial

- #pragma omp parallel for shared
#pragma omp critical

$=§:m*h

~ #pragma omp simd

== #pragma omp parallel for reduction
»—#pragma omp simd reduction

~~#pragma omp simd reduction
#pragma omp declare simd notinbranch
double dprod(size_t mum, double *a, double *b) |

double res = 0.0;
for (size t i = 0; i < mm; ++i) {
res += ali] * bli]:

- #pragma omp parallel for reduction

~I=#pragma omp target map
#pragma omp parallel for reduction
}

- #pragma omp target map
return res:

#pragma omp simd reduction

Xpovog EKTEAEONC (sec)

—+—#pragma omp target map
#pragma omp parallel for simd reduction

—>-#pragma omp target
#pragma omp teams reduction
#pragma omp distribute parallel for reduction

== Zpragma omp target teams
T T . #pragma omp distribute parallel for simd reduction
200000000 300000000 400000000 500000000

Mey=Bog TpoPAnpoTog
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YTtoAoOylonog mtpwTwyv aptBuwv(1)

Prime Numbers

10
o
nt prime number(int n) { /
int prime = 0; 8
int total = O; / s
T === #pragma omp paralle] for reduction
for [i!lt i = 2:;: 1 <=n; i++) | / o amp e
prime = 1; o 6 #pragma omp
for (int j = 2; j < i; j++) | E / e #pragma omp simd reduction
if ((i % j) E= 0) | c s ~— foragma amp arered s
prime = 0U; = Fpragma
break . E N / A :#rmgmamppaalel for simd omdered reduction
} J - / mﬁﬂ"ﬁmnm
total += prime; s /—/ -I-WE?‘;T;E,'"&T
} . 2 == Spragma omp target map
return total; #pragma omp teams reduction
J m%mfﬂ'
' ’ - _/ i #pragma omp target teams distribute paraliel for map
0 T

I I I I I
10000 20000 20000 20000 50000 GO000 100000 130000 160000 200000 250000

MzyeBoc lMNpofAfparog




Linked-List traversal(1)

using namespace std:
void dowork(Lnode<int> &node, void xargs) {
int snum_nodes = static_cast<int =x>(args):
this_thread :: sleep_for (
chrono ::nanoseconds(rand () % 5 + 1));
snum_nodes += node.data();

int calculate (Llist<int> &1) {

int number_of nodes = 0;
1. forEveryNode (dowork, & umber_of nodes);

return number_of_nodes;

using namespace std:
int calculate (Llist<int> &1) {
Lnode<int> xnode = 1.head();

size _t nodes_num 1.size();
std ::vector<int> nodes (nodes_num);

for (size_t i = 0; i < nodes_num; ++i) {
nodes|[i] = node >data():
node = node >next():

int num_nodes = 0;
#pragma omp parallel for shared(num_nodes)
for (size_t i = 0: i < nodes_num: ++i) {
this_thread::sleep_for(
chrono:: milliseconds (randI())):

#pragma omp atomic
num_nodes += nodes[i];
}

return num_nodes;

int calculate(Llist<int> &1) {
Lnode<int> #node = 1.head():
size_t nodes num = 1.size ():
std :: vector<int> nodes(nodes_ num);

for (size_t i = 0; i < nodes_num; ++i) {
nodes[i] = node >data();
node = node->next():

}

int num nodes = O;

#pragma omp parallel for schedule(static, 10) shared(num_nodes)
for (size_t i = 0: i < nodes num; ++i) {
this_thread:: sleep_for (chrono::nanoseconds(randI())):

#pragma omp atomic

num_nodes += nodes|[i]:
}

return num_nodes:
}

using namespace std:

int calculate(Llist <int> &l) {
Lnode<int> #*node = 1| .head();

int num_nodes = 0;
#pragma omp parallel shared (num_nodes)
{

#pragma omp single nowait
{

while (node) {
#pragma omp task shared(node) mergeable
{

this_thread:: sleep_for (
chrono:: nanoseconds (randI ())):

#pragma omp atomic
}

node = node >next|():

num_nodes += node >data ();

}
}

return num_nodes;



Linked-List traversal(2)

5
4 il 52113l
=== Hpragma omp parallel for
~ Hpragma omp parallel for
3 schedule(static, 10)
#pragma omp atomic
= Hpragma omp single nowait
2 #pragma omp task shared

Hpragma omp atomic




Producer-Consumer(1)

Buffer *gl buffer = 0;

int consume/()

]

int mm =

std :: this thread:

:chrono:
return rum:

:sleep_ fnr[std

void produce(int key)
{

}

El_bUffﬂl'—}buf_[gl buffer->len_++].x_ =
std:: this_thread:: sleep_for (std: EhIDI]D

int producer consumer(int iterations]

{

gl_buffer = new Buffer(iterations);
int total = 0O;

for (int i = 0; i < iterations:
produce(1i]);
total += consume/():

++i) |

}

return total:

| buffer-—>buf [—gl buffer-—>len_|].x ;

- milliseconds (20)):

ke*_s,r :

:milliseconds (10));

Buffer #gl_buffer = 0;

int consume/()

int mm = 0O:

#pra%ma omp critical

= gl _buffer->buf [—gl _buffer-—>len_].x_;:
}

std :: this_thread:

:chrono:
return mm;

:sleep_for(std: :milliseconds (20));

}
void produce(int key)

#pra%ma omp critical

gl _buffer->buf [gl buffer-—>len_++].x_ = key:
}

std:: this thread:

:sleep_for(std::chrono:

:milliseconds(10));
}

int producer_consumer(int iterations)

I buffer = new Buffer&iteratmns]
ong long int total

#pra%na omp parallel for reduction(+: total)
or (int i = 0; i < iterations: ++i) {
produce(i):
total += consume/():

}

return total;




Producer-Consumer(2)

Buffer #gl_buffer = 0;
int consume/()

int mm = 0:

#PI‘HG{mﬂmHP critical int producer_consumer(int iterations)
if (gl_buffer->len_ > 0) { . .
mm = gl_buffer- >buf [ — gl_buffer >len_].x_; l_fhlélf{EE = IDEW Buffer(iterations);
} 1 otal = .
) = 0-
st%i ::this_thread:: sleep_for(std::chrono:: milliseconds (20]): int x 0 *
return mim:
] #prﬂg{nm omp parallel
Tﬂid produce (int key) #Pm omp Einglﬁ
#pragma omp critical {
{ for (int i = 0; i < iterations; ++i) |
} gl _buffer->buf [gl buffer-—>len_++].x_ = key: #ngmn omp task dﬂpﬁﬂd[ﬂut - 1]
std :: this_thread :: sleep_for(std ::chrono:: milliseconds (20)): { ]
] produce(i);
int producer_consumer(int iterations) } x = !
{
I buffer = new Buffer(iterations); }
nt total = 0:
int finished_production = 0; for {int i =01 < iterations: ++1:| {
int abort = 0: #pragma omp task depend(in : x) '
#pragma omp parallel shared(finished_production) firstprivate (abort) {
{ int temp = consume();
if (omp_get_thread num() == 0) { . '
for (int i = 0; i < iterations: ++i) | #Pl'ﬂg[ﬂ.ﬂ Olp critical
produce (i); 1
total += temp;
finished_production = 1; } P
| else |
while (!abort) | }
int temp = consume (): }
#pragma omp critical }
: total += temy
otal += p:
?I’ (finished_production && gl_buffer-—>len_ == 0) return tﬂtal;
abort = 1: }

}

J
}

return total:




Producer-Consumer(3)

int producer consumer(int iterations)

{

| buffer = new Buffer(iterations);
nt total = 0:
int x = 0:
#pragma omp parallel
#prﬂg{tna omp single
{
#pragma omp taskloop simd
for (int i = 0: i < iterations: ++i) |
produce(1i);
|
#pragma omp taskloop
for (int i = 0: i < iterations: ++i) |
int temp = consume/();
#pragma omp atomic

total += temp;
!

return total:

= Serial

== Fpragma omp parallel for
reduction

~ Hpragma omp parallel shared
#pragma omp critical

== Fpragma omp task depend
Hpragma omp critical

=P Hpragma omp taskloop simd
#pragma omp atomic




Mergesort(1)

void mergeSort(int arr[], int 1, int r)
% |27 43|3|0|82|10 {
if (1 < r) {
9|82|10 // Same as (l+r)/2. but avoids overflow for

// large 1 and h
intm=1+ (r 1) / 2;

// Sort first and second halves
mergeSort(arr, 1, m);
9 82 10 mergeSort(arr, m + 1, r);

rj merge(arr, 1, m, r);
i:? 38| |33 9le2 10 ) gel )
<« |
3|27|38|43 910|862 void mergeSort_wrapper (int *arr, int lhs, int rhs)

{

3/9|10|27|38|43 |82 }

9|82 10

mergeSort (arr, lhs, rhs);




Mergesort(2)

#define WORKLOAD 16000

/* | is for left index and r is right index of the
sub-array of arr to be sorted x/

void mergeSort(int arr[], int 1, int r)
{ 2.5
if (1 < r) {

// Same as (l+r)/2, but avoids overflow for

// large 1 and h 2

intm=1+ (r — 1) / 2;
#pragma omp taskgroup

{ 1.5
#pragma omp task shared(arr) untied if (r — 1 >= WORKLOAD)

mergeSort(arr, 1, m); —— Serial

#pragma omp task shared(arr) untied if (r — 1 >= WORKLOAD) =4 Taskgroup

mergeSort(arr, mtl, r);
#pragma omp taskyield
}

merge (arr, 1, m, r); “'5.—/’___._____/‘
}
}

D I I I I
void mergeSort_wrapper (int xarr, int lhs, int rhs) 2000000 3000000 4000000 5000000 6000000 7000000

{

#pragma omp parallel

#pragma omp single
mergeSort(arr, lhs, rhs);

|




Quicksort(1)

int partition (int arr[], int low, int high)

{

}

int pivot = arr[high]: // pivot
int i = (low — 1): // Index of smaller element

for (int j = low: j <= high 1: j++)
{
// If current element is smaller than or
// equal to pivot
if (arr[j] <= pivot)
{
i++; // increment index of smaller element
std::swap(arr[i], arr[j]):
J
}
std::swap(arr[i + 1], arr[high]);
return (i + 1);

void gsort(int array(]., int low, int high)

{

}

if (low < high) {
size_t pi = partition(array, low, high);
gsort (array, low, pi — 1);
gsort (array, pi + 1, high);

void gsort_wrapper(int array[]., int low, int high)

{

}

qsort(array, low, high);

}nt partition (int array[], int low, int high)
//select picot element
int pivot = array[high]:
int i = (low  1);

// Put the elements smaller than pivot on the lef
// and greater than pivot on the right of pivot.

for (int j = low; j <= high; j++) {
if (giyay[j] < pivot)
1

} std ::swap(array[i], array[j]);
}
std ::swap(array[i + 1], arraylhigh]);
return (i + 1):

}

Yoid gsort(int array[], int low, int high)
if (low < high) {

int pi = partition (array, low, high):
#pragma ?mp task

gsort(array, low, pi — 1);

#pragma cEmp task
qsort(array, pi + 1, high);

}

void gsort_wrapper(int array[]. int low, int high)

{
#pragma omp parallel
#prag{ma omp single

\ gsort (array, low, high);




Quicksort(2)

i[nt partition (int array[], int low, int high)

//select picot element
int pwot = array[hlghl
int i = (low 1

// Put the elements smaller than pivot on the left
// and greater than pivot on the right of pivot.

#pragma omp parallel for
%mr (int j = low; j < high; j++) {

if [ﬂ_'ray[j] <= pivot) {
1;
std::swap(array[i], arrayl[j]);

}
}
std::swap(array[i + 1], array[highl]);
return (i + 1);

}

void gsort(int array[]. int low, int high)
{

if (low < high) {
int pi = partition (array, low, high):

#pragma cfmp task

gsort(array, low, pi — 1);

#pragma omp task

gsort(array, pi + 1, high);

}

void qgsort_wrapper(int array[]. int low., int high)

{

#pragma omp para]lel
#pragima omp single

gsort (array, O, high):

}

%nt partition (int array[], int low, int high)

//select picot element
int pivot = array/[high];
int i = (low — 1);

// Put the elements smaller than pivot on the left

// and greater than pivot on the right of pivot.
for (int j = low:; j <= high; j++) {
if (array[]] < pivot) {

std :swap(arrayl[i], arrayl[j]);
}

std::swap(array[i + 1], array[high]):
return (i + 1);

}
void gsort(int array|[]., int low, int high)
{

if (low < high) {
int pi = partition (array, low, high);

#pragma ?mp task

qsort (array. low, pi — 1);

}
#pragma cfmp task
gsort(array, pi + 1, high);

#prag}ma omp taskwait

}roid qsort_wrapper (int array([], int low, int high)
#pragma omp parallel

#prag{ma omp single

! gsort (array, low, high);




Quicksort(3)

E
6
5
—fi= Serial
4 w—tp= Tasks(1)
~ Tasks(2)
3 e Tasks(3)
2
1 e A B
— - ,...’
D T I I I I I I I I

10000 20000 30000 40000 50000 60000 70000 80000 90000 100000




[NNoAAaTAQoLlao O TivakKwv(1)

0oid matmul(int =a, int r1. int c1,

int +b, int r2., int c2, void matmul(int *a, int rl, int cl,

int =c, int r3, int c3) ::: :E: ::: 11:3: ::: Eg.]

if (cl != r2)

if (cl != r2) { std:: cout << "Wrong matrix dimensions!" << std::endl;
std :: cout << "Wrong matrix dimensions!" << std::endl; } return:
return;
} #pragma omp parallel for
for (int i = 0; i < rl; ++i) |
for (int i = 0: i < rl; ++i) | for {int i =0:j <e2; ++j) |
for (int j = 0: j < c2; ++] at temp = O
i= 00 <c2; ++j) | for (int k = 0; k < cl; ++k) |
int temp = 0; temp += alk + i*cl] * b[j + kxc2];
for (int k = 0; k < cl; ++k) | |
temp += alk + i*cl] * b[j + k#c2]; c[j + i = c3] = temp:

clj + 1 * c3] = temp:




[TOAAQTIAQOLOOLOC TILVAKWV(2)

void matmul(int *a, int r1, int cl, void matmul(int =a, int rl, int cl,
int #b, int r2, int c2, int =b, int r2, int c2,
int #c, int r3, int c3) int =c. int r3., int c3)
{ {
if (cl != r2) {
§ _ _ . if (c1 !'= r2) |
std::cout << "Wrong maitrix dimensions!"” << std::endl; std ::cout << "Wrong matrix dimensions!" << std::endl;
return: t“ _ ' - ’
} rewurmn:
}
int a size = rl * cl;
int b_size = r2 * c2; Int a_size = rl * cl,;
int c_size = r3 #* ¢3; int b_size = r2 = c2;

int ¢ _size = r3 * c3;
#pragma omp target map(to: al[0O:a_size], b[0: b_size]) \

map(from: c[0:c_size]) #pragma omp target teams distribute parallel for simd\
#pragma omp parallel for collapse(2) map(to:al:a_size]., b[:b_size])\
for (int i = 0; i < rl; ++i) | map(from:c[: c_size])
for (int j = 0: j < c2: ++j) | for (int i = 0; i < rl: ++i) |
int temp = 0; for (int j = 0; j < ¢2; ++j) |
#pragma omp simd reduction(+ : temp) int temp = O:

for (int kK = 0: k < ¢l:; ++k) |

temp += alk + i*cl] * b[j + k%c2]; for (int k = 0; k < cl: ++k) |

temp += alk + i*cl] # b[j + k#c2];

!
}

clj + 1 *= 3] = temp:
} clj + i * c3] = temp:




[ToAAOTIAQCLOOLOC TTVOAKWV(3)

35
3
25
2 == Serial
1E === Hpragma omp parallel for

~ Target #1
== | arget &




Metaoxnuatiouocg Fourier(1)




Metaoxnuatiouocg Fourier(2)

Discrete Fourier Transform

== Serial
K == Hpragma omp parallel for

Xpovoc EKTEREDNE (5EC)

1

0 | !
1000 2000 3000 4000 5000 6000 7000
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