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multiply and add(const float* a, const float* b, const float* c, float* d)

{
for(int

{

¥

}

d[i]
d[i]

i=0; 1<8; i++)

a[i] * b[i];
d[i] + c[i];
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multiply and add(const float* a, const float* b, const float* c, float* d)

{
#pragma unroll 4

for(int i=0; i<8; i++)

{
dfi] = a[i] * b[i];
d[i] = d[i] + c[i];
}
}
__m256 multiply and add(__m256 a, _ m256 b, _ m256 c)
{
return _mm256 fmadd ps(a, b, c);
}
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multiply and add(const float* a, const float* b, const float* c, float* d)

{
for(int i=0; i<8; i++)
{
d[i] = a[i] * b[i];
d[i] = d[i] + c[i];
}
}

__m256 multiply and add(__m256 a, _ m256 b, _ m256 c)

{
return _mm256_ fmadd ps(a, b, c);

¥

APC | 11


http://www.parallel-computing.pro/
http://www.parallel-computing.pro/
http://www.parallel-computing.pro/

— N
-
\‘\\ N
\\ /'
-
-

-
. - -

Y B obuwem Buae MHCTpyKumnsa AVX/AVX2 HasbiBaeTcs Data Type Description
cnegyrowmm obpasom: 128-bit vector
« _mm<bit_width>_<name> <data_type> ~ _m128

containing 4 floats
128-bit vector

N <data _type>:

ps - vectors contain floats (ps stands for packed single-

precision) ~_ml128d containing
*  pd - vectors contain doubles (pd stands for packed double- 2 doubles
precision) .
*  epi8/epil6/epi32/epi64 - vectors contain 8-bit/16-bit/32- m128i 128-bit vector
bit/64-bit signed integers I containing integers
* epu8/epulb/epu32/epubs - vectors contain 8-bit/16-bit/32- )
bli?c/GZ/l-k?it un/signed /in'?egers / / m256 256-bit vector
e si128/si256 - unspecified 128-bit vector or 256-bit vector — containing 8 floats
*  ml128/m128i/m128d/m256/m256i/m256d - identifies input 256-bit vector

vector types when they're different than the type of the

returned vector __m256d containing

4 doubles

256-bit vector
containing integers

__m256i
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O MpenmyLLecTsa

* [nobanbHoe agpecHoe NPOCTPaHCTBO — ynpoLiaeT
nporpammmpoBaHme

* [lo3BonaeT pacnapannenmBaTb KOA Mo YacTaAm
* YHudunumpyet n yckopsaet oobmeH aaHHbimu mexay CPU

Y HepoctaTKu
* [lamaTb He macwTabupyerTca BMecTe ¢ KOMYECTBOM NPOLLECCOPOB
* HaKnagHble pacxoabl Ha OpraHM3auunto obLLero 4ocTyna K namsaTu

* [lporpamMmuCT cam OTBEYAET 33 CUHXPOHMU3ALUIO AOCTYNOB K NAaMATH
* Soaring expense of internal network.
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[MlapannenbHbie pernoHsbl: teams un threads.
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v [laHHbIe: private un shared nepemeHHbie.
[lepemeHHble cpeabl.
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'O MHOECTBO apXUTEKTYP
 AMD, Intel, IBM, Nvidia n ap.

Y MHoXecTBO cneundpuKaumm

* Bepcum 1.0 (Fortran ’97, C’98), 1.1 n 2.0 (Fortran ‘00, C/C++
’02), 2.5 (unified Fortran and C, 2005), 3.0 (2008), 3.1 (2011),
4.0 (2013), 4.5 (2015)

Y CocTonT U3 ANPEKTMB, GYHKLUN N NepeMeEHHbIX cpeabl

Y TpebyeT noaaepXKn KOMNUAATOPA
* -fopenmp (gcc) —openmp (icc)

APC | 17


http://www.parallel-computing.pro/
http://www.parallel-computing.pro/
http://www.parallel-computing.pro/

— S
—
R N
\\ /'
-
-
-

-~ -
- -

attel Computing

-
. - -

MOp,enb Mcnom-lel-mn

N paalll omputing.pro

Y OpenMP noToKu
* Fork /join

v Mporpamma HaumMHaeTca ¢ 1-ro noToka (initial)
v Pa3geTBasAeTca B 3aBUCMMOCTM OT YKa3aHUM NporpaMmmMmmncTa
* MoXXeT UCNONHATBLCA HA HECKONbKUX YCTPOMUCTBAX

v KoHTponupyetca host
v MOXHO nepeaaTb 4acTb Nporpammbl yckopuTento (device)
v TIOTOKM HE MUTPUPYIOT MEXKAY YCTPOMCTBaMM
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#include <omp.h>
#include <stdio.h>
#include <stdlib.h>

int main (int argc, char *argv[])

{

#pragma omp parallel num_threads(2)

{

int nthreads, tid;
tid = omp_get thread num();
nthreads = omp_get num threads();
printf("Hello World from thread
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HeIIo WorldI

= %d\n of %d\n", tid, nthreads);
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v Fortran

ISomp directive [clause [, clause] ...]

structured block

ISomp end directive

» C

#pragma omp directive [clause [, clause] ...]

structured block
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v Parallel

v Sections

v For

v Single

> Simd

v Declare simd

v Task

v Taskloop

v Taskyield
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» Target data

» Target enter data
» Target exit data
v Target

» Target update

» Declare target

» Teams

» Distribute
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Master

Critical

Barrier

Taskwait
Taskgroup

Atomic

Flush

Ordered

Cancel
Cancellation point
Threadprivate
Declare reduction
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#pragma omp parallel
{

// Code inside this region runs in parallel.
printf("Hello!\n");
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attel Computing

v if([ parallel : ] scalar-expression

Y num_threads(integer-expression)

> default(shared | none)

» private(list)

» firstprivate(list)

o shared(list)

Y copyin(list)

Y reduction(reduction-identifier: 1list)
Y proc_bind(master | close | spread)
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#pragma omp for [clause[ [, ]Jclause] ...]

clause:

for-loops

private(list)

firstprivate(list)

lastprivate(list)

linear(list [ : linear-step])
reduction(reduction-identifier : list)

schedule( [modifier [, modifier] : ] kind[, chunk size])
collapse(n)

ordered[ (n) ]

nowait

e —

-
-
——
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Schedule kmd

» kind:
 static: Iterations are divided into chunks of size chunk_size and

assigned to threads in the team in round-robin fashion in order of
thread number.

* dynamic: Each thread executes a chunk of iterations then requests
another chunk until none remain.

* guided: Each thread executes a chunk of iterations then requests
another chunk until no chunks remain to be assigned.

e auto: The decision regarding scheduling is delegated to the compiler
and/or runtime system.

 runtime: The schedule and chunk size are taken from the run-sched-
var ICV.
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Schedule modlfler

O modifier:
* monotonic: Each thread executes the chunks that it is assigned
in increasing logical iteration order.

* nonmonotonic: Chunks are assigned to threads in any order
and the behavior of an application that depends on execution
order of the chunks is unspecified.

* simd: Ignored when the loop is not associated with a SIMD
construct, otherwise the new_chunk_size for all except the first
and last chunks is chunk_size/ simd_width * simd_width where
simd_width is an implementation-defined value.
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OpenMP P| ‘calculation

#include <limits.h>
#tinclude <stdio.h>
#include <stdlib.h>

int main(int argc, char* argv[])
{
// Get the N argument value.
size t n = (size t)strtoul(argv[1l], NULL, 0);
double w = 1.0 / n;
double sum=0.0;
#pragma omp parallel for schedule (static) reduction (+:sum)
for (size t i =0; i < n; ++i)
{
double x = w * ((double)i + 0.5);
sum += 4.0 / (1.0 + x * X);
}
double pi=w* sum;
printf("sum = %24.16g\n", pi);
return 0;
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Teams VS threads

» While the parallel construct createsa  #include <stdio.h>
team of threads, the teams construct

creates a league of teams. int main(void)
» This directive can be only used directly 1
inside a target construct. #pragma omp target teams
* The optional attribute num_teams can {
be used to specify the maximum number printf(“Hello World!\n");
of teams created. }
* The actual number of teams may be return 0;
smaller than this number. The master }

thread of each team will execute the
code inside that team.
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Shared VS Prlvate

#pragma omp parallel for private(temp) shared(n,a,b,c)

{

for(i=1; i<=n; i++){
temp = 2.0*%a[i];
a[i] = temp;
b[1] = c[1]/temp;
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Shared VS Prlvate

O The default context of a variable is determined by the following rules:
e Variables with static storage duration are shared.
* Dynamically allocated objects are shared.

* Variables with automatic storage duration that are declared in a parallel region are
private.

e Variables in heap allocated memory are shared. There can be only one shared heap.

* All variables defined outside a parallel construct become shared when the parallel
region is encountered.

* Loop iteration variables are private within their loops. The value of the iteration
variable after the loop is the same as if the loop were run sequentially.

 Memory allocated within a parallel loop by the alloca function persists only for the
duration of one iteration of that loop, and is private for each thread.
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Shared VS Prlvate

int E1; /* shared static */
void main (argvc,...) { /* argvc is shared */
int i; /* shared automatic */

void *p = malloc(...); /* memory allocated by malloc  */
/* 1s accessible by all threads */
/* and cannot be privatized */

int E2; /*shared static */

void foo (int x) { /* x 1is private for the parallel */
/* region it was called from */

int c; /* the same */
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#pragma omp parallel firstprivate (p)
{

int b;

static int s;

#pragma omp for

for (i =0;..

}

b =1;
foo (i);

) A

#pragma omp parallel

{

b =1;

/*
/*

/*
/*
/*

/*
/*

private automatic */
shared static */

b is still private here !
i is private here because it
is an iteration variable

b is shared here because it
is another parallel region

*/
*/
*/

*/
*/

\\ /
\\ y

-
- - -

Shared VS Prlvate
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#pragma omp sections

{

}

{ Work1(); }
H#pragma omp section
{ Work?2();

Work3(); }
H#pragma omp section
{ Work4(); }

.l
-
-
-
-
-
“—— _—_—’

Sectlons
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float a[8], b[8];

#pragma omp simd
for(int n=0; n<8; ++n) a[n] += b[n];

#pragma omp declare simd aligned(a,b:16)
void add_arrays(float *__ restrict__ a, float *__restrict__b)

{
#pragma omp simd aligned(a,b:16)
for(int n=0; n<8; ++n) a[n] += b[n];

}
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Enwronment varlables

Y The environment variables are as follows:

e OMP_SCHEDULE sets the run-sched-var ICV that specifies the runtime schedule type
and chunk size. It can be set to any of the valid OpenMP schedule types.

* OMP_NUM_THREADS sets the nthreads-var ICV that specifies the number of threads
to use for parallel regions.

* OMP_DYNAMIC sets the dyn-var ICV that specifies the dynamic adjustment of threads
to use for parallel regions.

e OMP_PROC_BIND sets the bind-var ICV that controls the OpenMP thread affinity
policy.

* OMP_PLACES sets the place-partition-var ICV that defines the OpenMP places that are
available to the execution environment.

e OMP_NESTED sets the nest-var ICV that enables or disables nested parallelism.

*  OMP_STACKSIZE sets the stacksize-var ICV that specifies the size of the stack for
threads created by the OpenMP implementation.
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Enwronment varlables

« OMP_WAIT_POLICY sets the wait-policy-var ICV that controls the desired behavior of
waiting threads.

e OMP_MAX_ACTIVE_LEVELS sets the max-active-levels-var ICV that controls the
maximum number of nested active parallel regions.

e OMP_THREAD_LIMIT sets the thread-limit-var ICV that controls the maximum number
of threads participating in a contention group.

e OMP_CANCELLATION sets the cancel-var ICV that enables or disables cancellation.

e OMP_DISPLAY_ENV instructs the runtime to display the OpenMP version number and
the initial values of the ICVs, once, during initialization of the runtime.

* OMP_DEFAULT_DEVICE sets the default-device-var ICV that controls the default device
number.

* OMP_MAX_TASK PRIORITY sets the max-task-priority-var ICV that specifies the
maximum value that can be specified in the priority clause of the task construct.

APC | 38


http://www.parallel-computing.pro/
http://www.parallel-computing.pro/
http://www.parallel-computing.pro/

\
N
R
-
4
-
-
-
___________

MHp,eKCbl

attel Computing

sww.parallel-computing.pro

> int omp_get num _threads( );
* Konn4yecTtBO MNMOTOKOB

S int omp _get thread num( );
* Homep noTokKa
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OpenMP tasks u sections.
Nesting n Binding.
Peaoykumna.

N3mepeHne BpemeHMu.

[lonmepbsil.
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#pragma omp atomic
counter += value;

Y Clauses

* Read
#pragma omp atomic read
var = X;
* Write
#pragma omp atomic write
X = expr;
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X X X X X X

/= expr; X

x/expr; X
expr/x; X

>>= expr;

X>>expr;
expr>>x;

&= expr;

x&expr;
expr&x;

»  Clauses

* Update
#pragma omp atomic update // The word "update" is optional
// One of these:
+4+X; --X; X++; X--;
X += expr; X -= expr; X *= expr;
X = X+expr; X = X-expr; X = x*expr;
X = expr+x; X = expr-x; X = expr*x;
X |= expr; x "= expr; x <<= expr;
X = X|expr; x = x"expr; x = Xx<<expr;
X = expr|x; x = exprx; X = expr<<x;

* Capture

#pragma omp atomic capture
// One of these:

-
- . -—
— e e - -— -

Atomlcs

var = X++; /* Or any other of the update expressions listed above */
{ var = x; x++; /* Or any other of of the update expressions listed above */ }
{ x++; /* Or any other of of the update expressions listed above */; var = x; }

{ var = x; x = expr; }
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#pragma omp critical(dataupdate)

{

¥

datastructure.reorganize();

#pragma omp critical(dataupdate)

{

¥

datastructure.reorganize again();

-
. - -

Crltlcal

The critical construct restricts the
execution of the associated
statement / block to a single
thread at time.

The critical construct may
optionally contain a global name
that identifies the type of the
critical construct. No two threads
can execute a critical construct of
the same name at the same time.

If the name is omitted, a default
name is assumed.
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int factorial(int number)
{
int fac = 1;
#pragma omp parallel for reduction(*:fac)
for(int n=2; n<=number; ++n)
fac *= n;

return fac;

-~
-~
P, —
T e e —— — -

Reductlon
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Reductlon

V reduction(operator:list)

+1 =) |/

* &&
&
min

Max

N

0

1

~0

largest representable number
smallest representable number
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Custom reductlon

'J#pragma omp declare reduction(name:type:expression)

#pragma omp declare reduction(name:type:expression) initializer(expression)

»  The name is the name you want to give to the reduction method.
»  The type is the type of your reduction result.

v Within the reduction expression, the special variables omp _in and omp_out

are implicitly declared, and they stand for the input and output expressions
respectively.

»  Within the initializer expression, the special variable omp_priv is implicitly
declared and stands for the initial value of the reduction result.
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» The omp_get_wtime routine returns elapsed wall clock time in
seconds.

double omp get wtime(void);

v The omp_get wtime routine returns a value equal to the elapsed
wall clock time in seconds since some “time in the past”. The actual
“time in the past” is arbitrary, but it is guaranteed not to change
during the execution of the application program. The time returned

is a “per-thread time”, so it is not required to be globally consistent
across all threads participating in an application.
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double start;
double end;
start = omp _get wtime();
. work to be timed ...
end = omp_get wtime();
printf("Work took %f seconds\n", end - start);

-
-
- e - - e S D
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nttps://bisqwit.iki.fi/story/howto/openmp/
Wttps://software.intel.com/en-us/node/692395

nttp://www.openmp.org/wp-content/uploads/OpenMP-
4.5-1115-CPP-web.pdf

http://www.openmp.org/wp-content/uploads/openmp-
4.5.pdf

https://www.ibm.com/support/knowledgecenter/en/SSL
TBW 2.1.0/com.ibm.zos.v2rl.cbcpx01/cuppvars.htm
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