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Hdp(l]le]lHOCm HA pAsjudYHUmMe Hu6d HA cucmemamad

<+ Ha HMBO E3MK 3a nporpamupaHe:
+» Kananu (Channel);
+» Cvnporpamu (Coroutines);
» Oroybpen n,,06ewarHuna” (Futures and Promises);

+» Ha HuBo OC:

% MHOro3aza4yHocT — KoonepaTnBHa MHOIr03aAa4HoOCT U
npeBaHTUBHA (preemptive) MHOro3aaayHoCT;

+» Bpeme aeneHune, KoeTo 3amMeHA NocaeaoBaTe/IHATA ,MaKETHA
o0bpaboTka“ Ha 3apaunTe C egHOBPEMEHHA ynoTpeba Ha cnctema

% Mpouecw (Process);
% Huwkm (Thread);

+» Ha HMBO xapayep 1 mperka: No Havyano ca napasnenHu (pa3nnyHm y-Ba);
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E3uuu 3a

[lapanenHo [lpoepamupaHe
(ET1I)
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E3uyu ¢ enemenmu na 1111
+%» Ada — Knto4yoBa ayma task n ap. BrpageHu B e3uKa;

% Cilk, Cilk++, Cilk Plus — C n C++ 6a3npaHu e3num, B KOUTO 4pes

AONBAHUTENHN KNOYOBU AyMU ce aeduHmnpa napanennsbvm (Fork-Join
KOHUEeNnuMATa);

%+ Cw —C Omega e nscnenoBaTte/iCKM e3uK, paswmpasall
Bb3MOXHOCTUTE Ha CH# C aCUHXPOHHN KOMYHUKaLUW;

% Clojure — gnanekt Ha Lisp, nanwvnHasaH Ha Java VM. CunHo
byHKUMOHaNneH, noaabpKa STM mn ap.;

«» Co-array Fortran;
«%» Concurrent Pascal;
% Eiffel;
% Elixir — dyHKUMOHaneH e3nk. KOHKYpeHTHOCT Ha 6a3aTa Ha neKkun
HULLIKW, KOUTO MOraT 4a KOMYHUKUPAT Yype3 cbobLeHuns;
+» Emerald — n3non3sa HULWKKU U MOHUTOPMU;
w E3numn n bubnunoteku (API) 3a MM
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E3uyu ¢ enemenmu na 1111

+» Erlang — n3anon3sa acMHXPOHHM NpesaBaHUA Ha cbobLEeHUA U
,hothing shared” noaxona,

+%» Gambit Scheme — pyHKUMOHaneH. MNMpunara moLeH 1 NPOCT MoAden Ha
npeaaBaHe Ha CbobLEHNA, KAKTO M BABXHOBEH OT Erlang moaen Ha
KOHKYPEHTHOCT;

+» Go — CSP mopen, goroutines (BapuaHT Ha CbNPoOrpamum), aCUHXPOHEH,
channels, n ap.;

% Java;
% Julia;
+» Occam — ba3snpaH Ha Communicating Sequential Processes (CSP);

+» Occam-Tt — MoAepeH BapuaHT Ha occam, KaTo ca AobaBeHn 1 naeu ot
n-calculus;
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E3uyu ¢ enemenmu na 1111

+» Orc — HegeTepMUHUPaAH, pa3npeaeneH U KOHKYPEHTEH e3UK;

% P;

% Pict — m-calculus 6a3uaH;

+» Rust — napanennsbvm 6a3mpaH Ha Send, Sync n Thread;

% Scala — peannsupa Erlang-ctnn actors sbpxy JVM;

+» Sequencel —yncTo PpyHKUNOHANEH, aBTOMATUYHO Napanenmsmpall;
% Unified Parallel C;

«» Modula-2 — HacneaHuK Ha Pascal. Uma noaapbXKa Ha coroutines;
% Modula-3 — nogabprKa threads, mutexes, condition variables;

% SuperPascal — 6a3upaH Ha Concurrent Pascal u Joyce;

+» VHSIC Hardware Description Language (VHDL)—IEEE STD-1076;

R/
"’ LI
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IIpumep Occam

-- occam
PROC write.string (CHAN output, VALUE string[])=

SEQ character.number = [l FOR string[BYTE O0]]
output ! string[BYTE character.number]

write.string(terminal.screen, "Hello World!")

var ch

PAR
terminal .keyboard ? ch
terminal.screen ! "."
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bubsauomekxu 3a

[lapanenHo [lpoepamupaHe
(API)
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bubnuomexu (API) 3a 1111

% OpenMP;

< MPI, MPI-2;

+» Java concurrency framework;

+«» Task Parallel Library for .NET;

% Threading Building Blocks (TBB);
< CUDA;

% OpenCL;

< OpenHMPP;

+%» Apache Hadoop;
% Apache Spark;
% Apache Flink;

«%» Apache Beam;

R/
”’ LN
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[lpumepu u
Yecmo N3non3eaHu
Ell u API
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C++11

(Futures, Promises, ...)
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Drouvpcu (Futures) C++11

s Atomic;
+» Thread;
» Mutex;
+» Condition variable;
% Future & Promises;

/
"‘ see
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Drouvpcu (Futures) C++11

#include <iostream> // std::cout
#include <future> // std::async, std::future
#include <chrono> // std::chrono::milliseconds

// a non-optimized way of checking for prime numbers:
bool is prime (int x) {
for (int i=2; i<x; ++i) if (x%i==0) return false;
return true;

W E3uum v Bubnnotekwm (API) 3a MM 13/67 @



Drouvpcu (Futures) C++11

int main() {
// call function asynchronously:
std: :future<bool> fut = std::async(is_prime, 444444443);

// do something while waiting for function to set future:

std: :cout << "checking, please wait";

std: :chrono: :milliseconds span(100) ;

while (fut.wait for(span)==std::future_ status::timeout)
std: :cout <K '.' << std::flush;

bool x = fut.get(); // retrieve return value
std: :cout << "\n444444443 " << (x?"is":"is not") << " prime.\n";

return 0;

}
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Obewanus (Promzses) C ++11

#include <iostream> : :cout

#include <functional> // std::ref

#include <thread> // std::thread

#include <future> // std::promise, std::future

void print int(std::future<int>& fut) ({
int x = fut.get()
std: :cout << "value: " << x << '\n'

}

int main() {
std: :promise<int> prom; // create promise
std: : future<int> fut = prom.get future(); // engag. with future
std: :thread thl (print int, std::ref(fut));// send future to thr.
prom.set value(10); // fulfill promise
thl.join() ; // (synchronizes with getting the future)
return O;
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C#

(Threads, Parallel.For, PLINO, Tasks, Futures, ...)

2 E3num n bubnunoteku (API) 3a MM 16/67 @




C#

% Threads (System.Threading);

+» Task Parallel Library (TPL) — Tasks.Parallel, Parallel.For,
Parallel.ForEach, Parallel.Invoke, ... (System.Threading.Tasks);

» PLINQ;

+» PaboTta c Task 06eKkTn, npeacTaBaALLM aCUHXPOHHMN ONepauuu;
s Futures;

% async + await, yield;
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Tasks

using System.Threading; using System.Threading.Tasks;
class Program ({
static void Main(string[] args) {
Task<int[]> parent = new Task<int[]>(() => {
var results = new int[3];
new Task(() => {Thread.Sleep(15000); results[0] = 0;},
TaskCreationOptions.AttachedToParent) .Start() ;
new Task(() => results[l] =1,
TaskCreationOptions.AttachedToParent) .Start() ;
new Task(() => results[2] = 2,
TaskCreationOptions.AttachedToParent) .Start() ;
return results;
}) s
//
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Tasks

//

parent.Start() ;
var finalTask = parent.ContinueWith (

parentTask => ({
foreach (int i in parentTask.Result)

Console.WriteLine (i) ;

}) s
finalTask.Wait () ;
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Parallel. For

using System.Linqg;
using System.Threading; using System.Threading.Tasks;

class Program ({
static void Main(string[] args) {
Parallel.For (0, 10, i => {

Thread.Sleep (1000) ;
}) s

var numbers = Enumerable.Range (0, 10);
Parallel.ForEach (numbers, i => {

Thread.Sleep (1000) ;
}) g

}
'm E3num n bubnanoteku (API) 3a MMM
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PLINQ

var source = Enumerable.Range (1, 10000) ;

// Opt in to PLINQ with AsParallel.

var evenNums = from num in source.AsParallel ()
where num % 2 ==
select num;

Console.Writeline("{0} even numbers out of {1} total",
evenNums .Count (), source.Count());

PesyaTarT:
5000 even numbers out of 10000 total
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Java

(Threads, Futures, Streams, ...)
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1Ilo00pvoicka Ha napaneirnu NPpUMUMUBU 8 e3UKd
u 8v6 framework-a

+%» CMHXPOHM3MpaHn metoan (Kato 4act oT ElN — KntoyoBa ayma);

+» Threads (java.lang.Thread u java.lang.Runnable);

» Futures, (java.util.concurrent);

+» Atomic u Locks (java.util.concurrent.atomic, java.util.concurrent.locks);
» Streams (java.util.stream);
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Cunxponuzupanu memoou (lock)

public synchronized wvoid critical() {
// some thread critical stuff here

}

public void add(String site) {
synchronized (this) ({
if ('crawledSites.contains(site)) {
linkedSites.add(site) ;

}
}
}
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Thread

class PrimeThread extends Thread {
long minPrime;

PrimeThread (long minPrime) {
this.minPrime = minPrime;

}

public void run() {
// compute primes larger than minPrime

}
}

// Create and start thread
PrimeThread p = new PrimeThread(143);
p.start()
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Runnable

class PrimeRun implements Runnable {
long minPrime;
PrimeRun (long minPrime) ({
this.minPrime = minPrime;

}

public void run() ({
// compute primes larger than minPrime

}
}

// Create a thread and start it running
PrimeRun p = new PrimeRun (143);
new Thread(p) .start();
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Locks

class X {
private final ReentrantLock lock = new ReentrantLock() ;

public void m() {
lock.lock(); // block until condition holds

try {
// ... method body
} finally {

lock.unlock ()
}
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bposu be3 Atomics

public class SafeCounterWithLock ({
private volatile int counter;

public synchronized void increment() {
counter++;

}

W E3uum v Bubnnotekwm (API) 3a MM 28/67 @



bposau ¢ Atomics

public class SafeCounterWithoutLock ({
private final AtomicInteger counter = new AtomicInteger|() ;

public void increment () {
while (true) {
int existingValue = counter.getValue() ;
int newValue = existingValue + 1;
if (counter.compareAndSet (existingValue, newValue)) ({
return;

}

}
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Streams

List<String> memberNames = new ArrayList<>();
memberNames .add ("Amitabh") ;
memberNames .add ("Shekhar") ;
memberNames .add ("Aman") ;
memberNames .add ("Rahul") ;
memberNames .add ("Shahrukh") ;
memberNames .add ("Salman") ;
memberNames .add (" Lokesh") ;

memberNames.stream() .filter((s) -> s.startsWith("A"))
.forEach (System.out: :println) ;

PesynTaT:

Amitabh

Aman
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Streams

memberNames.stream() .filter((s) -> s.startsWith("A"))
.map (String: : toUpperCase)
.forEach (System.out: :println) ;

PesynrarT:

AMITABH

AMAN
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Streams

memberNames.stream() .sorted ()

.map (String: : toUpperCase)

.forEach (System.out: :println) ;
PesyjrarT:

AMAN
AMITABH
LOKESH
RAHUL
SALMAN
SHAHRUKH
SHEKHAR
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Streams

List<String> memNamesInUppercase =
memberNames.stream() .sorted ()
.map (String: : toUpperCase)
.collect (Collectors.tolList()) ;

System.out.print (memNamesInUppercase) ;

PesvyiaraT:
[AMAN, AMITABH, LOKESH, RAHUL, SALMAN, SHAHRUKH, SHEKHAR]
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Streams

Optional<String> reduced = memberNames.stream/()
.reduce((sl,s2) -> sl + "#" + s2);

reduced.ifPresent (System.out: :println);

PesyaTarT:
Amitabh#Shekhar#Aman#Rahul#Shahrukh#Salman#lLokesh
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Streams

public class StreamBuilders ({
public static void main(String[] args) {
List<Integer> list = new ArrayList<Integer> () ;
for(int 1 = 1; i< 10; i++) {
list.add (i) ;
}

// Here creating a parallel stream
Stream<Integer> stream = list.parallelStream() ;

Integer[] evenNumbersArr = stream
.filter(i -> i%2 == 0) .toArray(Integer|[]: :new) ;

System.out.print (evenNumbersArr) ;

}
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OpenMP

(Fork-Join, #pragma, ...)
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basupan ocnosuo Fork-Join

+» MN3nons3Ba #pragma AMPEKTMBU HAa KOMNKUAATOPA, 33 Aa “noackarke”
Ha KOMNWaTopa Kak MCKame Npu Bb3MOXKHOCT Aa Cce pa3napajienm
nporpamara;

+» AKo Komnunatopa He noaabpka OpenMP nnu He ca 3agaaeHun
NPaBUIHUTE NapamMeTPU Ha KOMNKWIaTopPa, TO AUPEKTUBATA Ce
UrTHOPUPA N NporpamaTta ce KOMNUanpa KakTo HOPMaJIHO;

+» Shared memory mHorosagaueH moaen;
+» basunpaH Ha Fork-Join mopgena;

+» MoraT ga ce 3aaaBaT bapuepu 1 MHOTO APYrv C NapamMeTpUTe Ha
ANpeKTuBaTa #pragma omp ...
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OpenMP npumep

void simple(int n, float *a, float *b) {
int 1i;

#pragma omp parallel for
for (i=1l; i<n; i++) /* i is private by default */
b[i] = (a[i] + a[i-1]) / 2.0;
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MPI

(KomyHukayus, CuHxpoHusayus, ...)
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MPI

% KomyHukauua (MPI_Send, MPI_Recv, MPI_Sendrecv n ap.);
% PasnpepgenaHe Ha paboTaTa;

» Fnobanuu peaykumm (MPl_Reduce, MPI_Op_create, MPI_Allreduce,
MPI_Reduce_scatter, MPI_Scan u ap.);

% CuHxpoHmnsaumsa (MPI_Barrier, CUHXPOHHW KOMYHMKaUUK U Ap.);
o NednHnpaHe Ha NnoTpebuTenckm TUNOBE,

% [lednHUpaHe Ha BUPTYA/IHU TOMOJIOTUN;

% NapaneneH B/U (MPI-2);

% CrapTtmpaHe Ha npouecu (MPI-2)

< Wap.;
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MPI — npumep (Hello World)

#include <mpi.h>
#include <stdio.h>
int main(int argc, char** argv) {
MPI Init(NULL, NULL); // Initialize the MPI environment
int world size; // Get the number of processes
MPI Comm size (MPI COMM WORLD, &world size);
int world rank; // Get the rank of the process
MPI Comm rank (MPI COMM WORLD, &world rank);
char processor name[MPI MAX PROCESSOR NAME]; // Name
int name len;

MPI Get processor name (processor name, &name len);

printf ("Hello world from proc %s, rank %d out of %d procs\n",
processor name, world rank, world size);

MPI Finalize(); // Finalize the MPI environment.
}
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MPI — npumep (Hello World)

host file:
hostlname
hostZ2name
host3name
hosté4name

> export MPIRUN=/.../mpirun
> export MPI HOSTS=host file

> mpirun -n 4 -f host file ./mpi hello world

Hello world from proc host2name,
Hello world from proc hostlname,
Hello world from proc hosté4name,
Hello world from proc host3name,

rank 1
rank O
rank 3
rank 2

out
out
out
out

of 4 procs
of 4 procs
of 4 procs
of 4 procs
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MPI — npumep (Peoyxkuyuu, SUM u AVG)

float *rand nums = NULL;
rand nums = create rand nums (num elements per proc);

// Sum the numbers locally

float local sum = 0;

int i;

for (1 = 0; i < num elements per proc; i++) {
local sum += rand nums[i];

}

// Print the random numbers on each process
printf ("Local sum for process %d - %f, avg = %$£f\n",
world rank, local sum, local sum / num elements per proc);
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MPI — npumep (Peoyxkuyuu, SUM u AVG)

// Reduce all of the local sums into the global sum
float global sum;

MPI Reduce (&local sum, &global sum, 1, MPI FLOAT, MPI SUM, O,
MPI_COMM WORLD) ;

// Print the result
if (world rank == 0) {
printf ("Total sum = %f, avg = $f\n", global sum,
global sum / (world size * num elements per proc));
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MPI — npumep (Peoyxkuyuu, SUM u AVG)

> mpirun -n 4 ./reduce avg 100

Local
Local
Local
Local
Total

sum
sum
sum
sum
sum

for process 0
for process 1
for process 2
for process 3

200.439941,

- 51.385098, avg
- 51.842468, avg
- 49.684948, avg
- 47.527420, avg
avg = 0.501100

0.513851
0.518425
0.496849
0.475274
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POSIX Threads, Boost.Thread, TBB, ...

(Huwku, CuHxpoHsayus, ...)
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Ilo0o0wvporcam

+» MNoaabprKkat cb3aaBaHe U ynpassieHne Ha Huwku (Threads);
% Fork-Join;

» Mutexes;

%+ Condition variables;

% CuHxpoHusaums, read/write locks u 6apuepu;

% PasnnyHum rotosun 3a n3nonssaHe ,napanenHn” 6asosm CTPyKTypu ot
AAHHW;

» U ap.;
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pthreads — npumep

#include <pthread.h>
#include <stdio.h>

/* this function is run by the second thread */
void *inc x(void *x void ptr) ({

/* increment x to 100 */

int *x ptr = (int *)x void ptr;

while (++(*x ptr) < 100);

printf ("x increment finished\n");

/* the function must return something - NULL will do */
return NULL;

}
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pthreads — npumep

int main() {
int x =0, y =0;

/* show the initial values of x and y */
printf("x: %d, y: %d\n", x, y);

/* this variable is our reference to the second thread */
pthread t inc x thread;

/* create a second thread which executes inc x(&x) */
if (pthread create(&inc x thread, NULL, inc x, &x)) {
fprintf (stderr, "Error creating thread\n"); return 1;

}
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pthreads — npumep

/* increment y to 100 in the first thread */
while (++y < 100);

printf ("y increment finished\n");

/* wait for the second thread to finish */
if (pthread join(inc _x thread, NULL)) {
fprintf (stderr, "Error joining thread\n"); return 2;

}

/* results - x is now 100 thanks to the second thread */
printf("x: %d, y: %d\n", x, y);

return 0;

}
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Boost — npumep

#include <boost/thread.hpp>
#include <boost/chrono.hpp>

#include <iostream>
void wait(int seconds) { boost::this thread::sleep for(
boost: :chrono: :seconds{seconds}); }

void thread() {
for (int i = 0; 1 < 5; ++1i) {
wait (1) ;
std: :cout << i << '\n';
}
}

int main() {
boost: :thread t{thread};
t.join() ;
: } :
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I'BB — npumep
#include "tbb/task group.h"
using namespace tbb;
int Fib(int n) {
if (n<2) {
return n;
} else {
int x, y;
task group g;
g.run([&] {x=Fib(n-1);}); // spawn a task.
g.run([&] {y=Fib(n-2);}); // spawn another task.
g.wait () ; // wait for both tasks to
// complete.
return x+y;

}
}
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CUDA

(Compute Unified Device Architecture)
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CUDA

+» ToBa e nnatdopma 3a napanenHu
n3umcneHma un APl cb3pganeHa ot Nvidia 3a

paboTta n nporpamupaHe Ha TexHute GPGPU;
< MNopabprKa esanyute C, C++ n Fortran; c U DA:,
% MNnatdopmarta BKAOUYBA M MHOXECTBO CUIHO
ONTUMM3UPAHU BUBINOTEKM C

MaTeMaTUYECKN N APYTN PYHKLMU KaTo
cuBLAS, cuFTT, cuRAND u gp;

+» BKntoyeHu ca n cpeacTsa 3a Cb3aaBaHe,
nebvrupaHe, aHain3 n oNTUMK3aLMA Ha
npunoxkeHua 6as3npanHn Ha CUDA;

% MopobHo Ha OpenCL paboTaTta ce 6a3mpa Ha
cb3aaBaHe Ha kernel-n n paborta ¢ Tax;

<A NVIDIA.
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IIpumep — Hello, CUDA!

#include <stdio.h>

const int N = 16;
const int blocksize = 16;

__global

void hello(char *a, int *b) {
a[threadIdx.x] += b[threadIdx.x];

}

int main() {
char a[N] = "Hello \0\0\0\O0O\O\O";
int b[N] = {15, 10, 6, O, -11, 1, o0, O, O, O, O, O, O, O,
char *ad; int *bd;
const int csize = N*sizeof (char);
const int isize = N*sizeof(int);
printf ("%s", a);
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IIpumep — Hello, CUDA!

cudaMalloc( (void**) &ad, csize );
cudaMalloc( (void**)&bd, isize ) ;
cudaMemcpy ( ad, a, csize, cudaMemcpyHostToDevice ) ;
cudaMemcpy ( bd, b, isize, cudaMemcpyHostToDevice ) ;

dim3 dimBlock( blocksize, 1 );

dim3 dimGrid( 1, 1 );

hello<k<k<dimGrid, dimBlock>>>(ad, bd);

cudaMemcpy ( a, ad, csize, cudaMemcpyDeviceToHost ) ;
cudaFree( ad ) ;

cudaFree( bd ) ;

printf ("$s\n", a);

return EXIT_SUCCESS;
}

W E3uum v Bubnnotekwm (API) 3a MM 56/67 W




IIpumep 2
import pycuda.compiler as comp
import pycuda.driver as drv
import numpy
import pycuda.autoinit
mod = comp.SourceModule ("""
__global  void multiply them(float *dest, float *a, float *b)
{
const int i1 = threadIdx.x;
dest[i] = a[i] * b[i];
}

wu ")

multiply them = mod.get function("multiply them")

a = numpy.random.randn (400) .astype (numpy.float32)

b = numpy.random.randn (400) .astype (numpy.float32)

dest = numpy.zeros_ like(a)

multiply them(drv.Out(dest), drv.In(a), drv.In(b), block=(400,1,1))
print dest-a*b
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OpenCL

(Open Computing Language)
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OpenCL

+» ToBa e cTaHAapTHa copTyepHa pamKa (framework)
33 MUCaHe Ha XeTEePOTreHHM U CUHO NapasienHu
NPUNOXKEHMUS;

&
“Z / 3
& y
% MN3nonssat ce e3num 6asmnpanu Ha C99 n C++11, - ‘

Pa3LWKUPEHN C KNHOHOBU AYMU N MPUMUTUBU 33
nporpamMmmpaHe Ha LWMPOK Knac YCTPOWNCTBA;

% MNopabpxa CPU, GPU, Digital signal processors
(DSPs), Field-programmable gate arrays (FPGAs) 1
APYrY NPOLLECOPU N XapAYEPHU YCKOPUTENN;

+» Bcaka nporpama ce pa3aensa Ha aBe 4actu — 6a3oBa
(HanncaHa Ha host e3nka Ha ocHoBHaTa Nporpama) u
kernel-u Hanncanu Ha OpenCL C namn OpenCL C++,
KOUTO ce Komnuaumpart oT BrpageHuna s OpenCL
bnbnnortekata KomnmnaTop;

w E3numn n bubnunoteku (API) 3a MM 59/67 wll



OpenCL npumep — yMHOJICEHUE HA BEKMOD U
mampuya (OpenCL C kernel)

// matvec.cl
__kernel void matvec( global const float *A,
__global const float *x,

uint ncols, @ global float *y)
{
size t i = get global id(0); // Global id row index
__global float const *a = &A[i*ncols]; // I'th row ptr
float sum = 0.£f; // For dot product

for (size t j = 0; j < ncols; j++) {
sum += a[j] * x[]j];

}

y[1i] = sum;

}
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OpenCL npumep — enasna npozpama

#include <CL/cl.hpp>

#include <iostream>

#include <fstream>

int main() {
std: :vector<cl: :Platform> platforms;
cl::Platform: :get(&platforms) ;
auto platform = platforms.front();

std: :vector<cl: :Device> devices;
platform.getDevices (CL_DEVICE TYPE CPU, &devices)
auto device = devices.front() ;

std: :ifstream demoFile ("matvec.cl") ;
std: :string src(std::istreambuf iterator<char>(demoFile),
(std: :istreambuf iterator<char>())):;
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cl: :Program: : Sources sources (1,
std: :make pair(src.c_str(), src.length() + 1));

cl::Context context (device) ;
cl: :Program program(context, sources);
auto err = program.build("-cl-std=CL1.2");

float A[16][3]; float x[3]; float y;

cl: :Buffer memBufA (context, CL MEM HOST READ ONLY, sizeof(a));
cl: :Kernel kernel (program, '"matvec", &err);

kernel.setArg (0, memBufA); // Other params and result

cl: :CommandQueue queue (context, device);
queue.enqueueWriteBuffer (memBufA, GL TRUE, 0, sizeof(A), A);
queue.enqueueWriteBuffer (memBufX, GL TRUE, 0, sizeof(x), x);
queue . enqueueTask (kernel) ;

queue .enqueueReadBuffer (memBufY, GL TRUE, 0, sizeof(y), y)~

cout < y;
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OpenHMPP, OpenACC, C++ AMP

(Kooenemu, kepHenu, #pragma, GPU, ...)
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HMPP (Hybrid Multicore Parallel Programming)

+» Pabota c XeTeporeHeH Xxapayep,

+%» ba3upaH e Ha noaxoa noaobeH Ha OpenMP ¢ n3non3BaHe Ha
#pragma aHoTaUuW;
%+ XeTeporeHHUTe N34ncaeHnA ce Nnporpamumpar B T.HAP. Kogenetu —

NpPocTU PYHKLUMM HanncaHu Ha 6a3oBusa e3uk (C nam Fortran), kouto ce
KOMNUANPAT A0 e3unKa Ha ,target” nnatdopmum kato CUDA, OpenCL n

Ap.;
+» Moxxe aa ce nsnonssa cbBmecTHo ¢ OpenMP, MPI v ap.;
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OpenACC, C++ AMP, ...

% AHanornyHo OpenACC (open accelerators), npeaoctaa nogobeH
noaxon, Ho ce noaabpXat C, C++ n Fortran. Kogeneturte TyK ce
Hapu4aT kernels;

+» NopobHo e npeaHa3sHayeHmeTo n noaxoaa B C++ AMP. NbpBOHAYaNHO
TOW e pa3paboTka Ha Microsoft n ce 6a3mpa Ha npeBexXaaHe Ha
npocTy PyHKUMK, N"ambaa n3pasum n Apyrn mapkupanu c restrict(famp)
N0 n3BuKBaHMA Ha APl dyHKuuKM 6a3mpanm Ha DirectX 11. MNo-KbCHO ce
noABABaT U peanmsaumnm peanmsmpaHun Ha b6asarta Ha Clang/LLVM un
OpenCL;
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OpenHMPP — npumep

#pragma hmpp simplel codelet, args[outv].io=inout, target=CUDA
static void matvec(int sn, int sm, float inv([sm],
float inm[sn] [sm], float *outv) {
int i, j;
for (i =0 ; 1 < sm ; i++) {
float temp = outv[i];
for (J =0 ; jJ < sn ; j++) {
temp += inv[j] * inm[i] []]:;
}
outv[i] = temp;
}
int main(int argc, char **argv) {
int n;
/* codelet use */
#pragma hmpp simplel callsite, args[outv].size={n}
matvec(n, m, myinc, inm, myoutv);
. } .
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Bvnpocu?

apenev@uni-plovdiv.bg
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