[Ba rubpuaHbix (reteporeHHbIX)
y3na cucrembl Cray XK7

YpoBeHb y3na:

GPU: NVIDIA CUDA,
OpenCL,
OpenACC,
OpenMP 4.x <

CPU: OpenMP, Cilk/Cilk++,
Intel TBB, POSIX Threads \

Core: SSE/AVX

Mpoueccop AMD Opteron
—~ Interlagos (16 sgep)

YpoBeHb CUCTEMDbI:

MPI, SHMEM,
Cray Chapel, Coarray Fortran, Unified Parallel C
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A3bik nporpammuposaHua Cilk

Cilk — pacwmperue a3bika ANSI C ans co3aaHnUs MHOToONOTOYHbIX MPOrpamm

The Cilk Project: pa3spaboTtka HauyaTa 8 1994 r. B J/TabopaTtopum
KOMMbIOTEPHbIX HAYK MaccayyceTcKoro MHCTUTyTa TexHonornm (MIT, USA)

OaunH 13 pa3paboTtumKkos u pykosoautenen npoekta — Charles E. Leiserson

B 2006 r. C.E. Leiserson ocHoBan komnaHuto Cilk Arts ansa npoasukeHus
Ha pbIHOK A3blKa Cilk

B 2007 r. BbixoauT Cilk++ (Cilk c noaaeprkkoin C++)

B 2009 r. KomnaHua Intel npnobpena Cilk Arts 1 Boinyctuna Intel Cilk Plus
Intel nogaepxkmeaet Cilk Plus 8 Development-setsn GCC 4.8 u GCC 4.9

http://supertech.csail.mit.edu/cilk/

b

https://www.cilkplus.org



http://supertech.csail.mit.edu/cilk/
https://www.cilkplus.org/

Intel Cilk Plus

= Data parallelism
O Pacnapannenunsanue umknos: _Cilk_for

J KoHcTpyKuum ans peanmsaumu peaykumm: Reducers

J BekTtopHasa ob6paboTka maccmsos (Array notation)
#pragma simd, elemental functions

= Task parallelism
U MopokaeHue 3aaau (tasks): _Cilk_spawn

J CunHxpoHusauma 3agay: _Cilk_sync

Cpeactsamu Cilk Plus apdpekTnBHO pacnapannenmsarorca:

= anroputmbl TUNa “pasaenan n snacteyn” (divide & conquer):
COPTUPOBKA CAMSIHMEM, DbICTpan COPTUPOBKA U T.A.

onepaunmn Haa PEKYPCUBHbIMU CTPYKTYPaMM AaHHbIX
(nepeBbA, cnnUcKK)



Intel Cilk Plus

##include <iostream>
#tinclude <cilk/cilk.h>

void handler(int id, char *name)

{ .
std::cout << "Hello World form " << id << ": " Main
<< name << std::endl;
} spawn
spawn
int main() spawn
{
cilk_spawn handler (100, "Task X");
cilk_spawn handler(120, "Task Y");
cilk_spawn handler(130, "Task Z"); sync
cilk sync;
return O;



Intel Cilk Plus

int fib(int n)
{
int x, y;
if (n < 2)

return n;

X cilk _spawn fib(n - 1);
y = fib(n - 2);

cilk_sync;

return x + y;

#pragma cilk grainsize = 4
cilk for(int i = begin; i < end; i += 2) {
f(1);




Intel Cilk Plus

#include <cilk/cilk.h>
#include <cilk/reducer_opadd.h>

unsigned int compute(unsigned int i)

{
}

return i;

int main(int argc, char* argv([])
{
unsigned long long int n = 1000000;
// reducer c onepauuen +
cilk: :reducer_opadd<unsigned long long int> total(9);

cilk_for (unsigned int i = 1; i <= n; ++i) {
*total += compute(i);

}

std::cout << "Total " << total.get value() << std::endl;
return O;



Intel Cilk Plus

Array Notation — 510 a3bikoBble KOHCTPYKUMM Intel Cilk Plus nndopmupyrowme
KOMMUIATOP O BO3MOXKHOCTU UCMNOJ/Ib30BATb BEKTOPHbIE MHCTPYKUMM AnA 0b6paboTku
maccusoB (SIMD processing)

O6pawieHune K yactn maccusa: base(first:length:stride]
o Al:] — secb maccus

o A[3:99] —3snemeHTbl € 3 N0 99 s[@:n] = sin(y[@:n])
o B[:][5] — ctonbeuy 5 maTpuupbl
‘A, A1 if (a[@:n] < b[O:n])
o (C[0:3][0:4] — noamaTpMLa c[o:n] += 1;
else
d[@:n] -= 1;

/* Reductions */
sum = __sec_reduce_add(a[@:n] * b[@:n]);



Intel Cilk Plus

void saxpy(float a, float *x, float *y, int n)

{

#pragma simd
for (int 1 = 0; i < n; i++) {
yl[i] += a * x[i];

}

float sum(float *x, int n)

{

float sum = ©;

#pragma simd reduction(+:sum)

for (int i = 0; 1 < n; i++) {
sum += *X++;

¥

return sum;
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(Intel TBB)



Intel Threading Building Blocks

= |ntel Treading Building Blocks (TBB) —
3TO KpoccnaatdopmeHHaa bubnmorteka wabnoHos C++ ona co3naHua
MHOTOMOTOYHbIX MPOrPaMm

= Wctopuna pa3suUtmAa:

2006 — Intel TBB v1.0 (Intel compiler only)

2007 — Intel TBB v2.0 (Open Source, GPLv2)

2008 — Intel TBB v2.1 (thread affinity, cancellation)
2009 — Intel TBB v2.2 (C++0x lambda functions)

2011 - Intel TBB v4.0
2012 — Intel TBB v4.1
2016 — Intel TBB v4.4

O O O O O O O O

http://threadingbuildingblocks.org



http://threadingbuildingblocks.org/

Intel Threading Building Blocks

Anroputmbl: parallel for, parallel reduce,
parallel scan, parallel while, parallel do,
parallel pipeline, parallel sort

KoHTenHepbl: concurrent queue,
concurrent vector, concurrent hash map

Annokatopbl namatTn: scalable malloc, scalable free,
scalable realloc, scalable calloc,
scalable allocator, cache aligned allocator

MbloTeKebl: mutex, spin mutex, queulng mutex,
spin rw mutex, queulng rw mutex, recursive mutex

AtomapHble onepaumn: fetch and add,
fetch and increment, fetch and decrement,
compare and swap, fetch and store

Task-based parallelism (fork-join) + work stealing
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Intel Threading Building Blocks

#include <iostream>

#include <tbb/task scheduler_init.h>
#include <tbb/tick count.h>

#include <tbb/parallel for.h>
#include <tbb/blocked range.h>

class saxpy_par {
public:
saxpy_par(float a, float *x, float *y):

a_(a), x_(x), y_(y) {}

void operator()(const blocked range<size t> &r) const
{
for (size t i = r.begin(); i != r.end(); ++1i)
y_[i] +=a_ * x_[1i];

}

private:
float const a_;
float *const x_;
float *const y_;

}s




Intel Threading Building Blocks

int main()
{
float a = 2.0;
float *x, *y;
size t n = 100000000;

X
]

new float[n];

y = new float[n];

for (size t i = 0; i < n; ++i)
x[i] = 5.0;

tick _count t@ = tick count::now();

task _scheduler_init init(4);

parallel for(blocked range<size t>(@, n), saxpy par(a, X, y),
auto_partitioner());

tick count t1 = tick count::now();

cout << "Time: " << (t1 - t@).seconds() << " sec." << endl;

delete[] x;
delete[] vy;

return 0;




Intel Threading Building Blocks

= Knacc blocked_range(begin, end, grainsize) onucbiBaeT ogHOMepPHOE NPOCTPAHCTBO UTepPaLMit

= BlIntel TBB gocTtynHo onmMcaHne MHOromepHbIX NpocTpaHcTB ntepauun (blocked range2d, ...)

X = new float[n];

y = new float[n];

for (size t i = 0; i < n; ++1i)
x[1i] = 5.0;

tick _count t@ = tick count::now();

task _scheduler _init init(4);

parallel for(blocked_range<size t>(©, n), saxpy_par(a, X, y),
auto_partitioner());

tick count t1 = tick count::now();

cout << "Time: " << (t1 - tO@).seconds() << " sec.

<< endl;

delete[] x;
delete[] vy;

return 0O;




