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Thrust - 370:

\Y STL-nogo6Has 6mbamoTeka 06paboTkM aaHHbIX Ha GPU
\ Peanusauua kak ang GPU, Tak u gna CPU

N OTKpbITbIM NpoekT, noaaepxkmeaemblii NVIDIA
Paspabotumku: Nathan Bell v ap.
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OCHOBHbIe BO3MOXHOCTU

Y YHUOUUMPOBaAHHBIN MHTEPdEHC ANS BbINOAHEHUS TUMMUYHBIX 33434 06paboTKu
[aHHbIX

N\ Yaensietcs BHUMaHue npon3sBoanUTENBbHOCTHU

\Y Mo cpaBHeHuto ¢ CUDA C, BO3MOXXHOCTM TOHKOFO KOHTPOAS (Hanp., pasaensemas
namaTb) He Tak 6oraTbl

N [n3aitH, cxoxuit ¢ STL: KOHTeHHEpbI, UTEPATOPbI, aNTOPUTMBbI
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KoMmnoHeHTbI

W) KoHTeitHepbl

\) YnpaBnexue namatbto Ha host u device
\Y YnpouwléHHbIi 06MeH LaHHbIMMU

\Y UtepaTtopsl
\) Mopo6Hbl ykazatensam
\Y «Cnepsat» 3a obnactbio namsatu (host nnum device)

N\ AnroputMmbl

\) MpUMEHSIOTCS K KOHTEMHEPAM M UTEpaTOpaM
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PacnpoctpaHeHue

N\ Bxogut B coctas CUDA 4+

Y XoctuHr kopa: GitHub
git clone https:;//github.com/thrust/thrust.git
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MNpocToe cnoxeHne BekTopoB B Thrust:

for (int 1 = 0; 1 < N; ++i)

Z[1i] = X[1i] + Y[i];

APC (info@parallel-computing.pro)

Mpumep N21: cnoxeHne BEKTOpPOB

Z

Thrust - napannenbHbie anroputMbl ansa C++
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Mpumep N21: cnoxeHne BEKTOpPOB

#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/functional.h>
#include <iostream>

int main(void) {

thrust::device_vector<float> X(3);
thrust::device_vector<float> Y(3);
thrust::device_vector<float> Z(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10;

thrust: :transform(X.begin(), X.end(),
Y.begin(),
Z.begin(),
thrust: :plus<float>());

for (size_t i = 0; i < Z.size(); i++)
std::cout << "Z[” << 1 << "] =7 << Z[1i] << "\n”;

3

return 0;

Thrust - napannenbHole anroputMbl aisi C++ 7/36
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Mpumep N21: cnoxeHne BEKTOpPOB

include <thrust/device_vector.h> ‘
{incLude <thrust/transform.h> <

#include <thrust/functional.h> ‘
#include <iostream>

3aronoeouyHble darnbl Thrust

int main(void) {

thrust::device_vector<float> X(3);
thrust::device_vector<float> Y(3);
thrust::device_vector<float> Z(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10;

thrust: :transform(X.begin(), X.end(),
Y.begin(),
Z.begin(),
thrust: :plus<float>());

for (size_t i = 0; i < Z.size(); i++)
std::cout << "Z[” << 1 << "] =7 << Z[1i] << "\n”;

3

return 0;

Thrust - napannenbHole anroputMbl aisi C++ 7/36

APC (info@parallel-computing.pr



mailto:info@parallel-computing.pro

Mpumep N21: cnoxeHne BEKTOpPOB

#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/functional.h>
#include <iostream>

3 BekTopa
B namatn GPU

int main(void) {

hrust: :device_vector<float> Y(3);

%thrust::deviceivector<f10at> X(3);
hrust: :device_vector<float> Z(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10;

thrust: :transform(X.begin(), X.end(),
Y.begin(),
Z.begin(),
thrust: :plus<float>());

for (size_t i = 0; i < Z.size(); i++)
std::cout << "Z[” << 1 << "] =7 << Z[1i] << "\n”;

3

return 0;

Thrust - napannenbHole anroputMbl aisi C++ 7/36
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Mpumep N21: cnoxeHne BEKTOpPOB

#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/functional.h>
#include <iostream>

int main(void) {
thrust::device_vector<float> X(3);

thrust::device_vector<float> Y(3);
thrust::device_vector<float> Z(3);

Mo3neMeHTHblE NMpUcBanBaHUs
HeahEeKTUBHSI, T.K. Kaxaas
onepauua BieYET KonMpoBaHue

X[@] = 10; X[1] = 20; X[2] = 30; |
[0] = 15; Y[1] = 35; Y[2] = 10; |

thrust: :transform(X.begin(), X.end(),
Y.begin(),
Z.begin(),
thrust: :plus<float>());
for (size_t i = 0; i < Z.size(); i++)
std::cout << "Z[” << i << "] =

3

return 0;

7 << Z[i] << "\n7;
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Mpumep N21: cnoxeHne BEKTOpPOB

#include <thrust/device_vector.h>
#include <thrust/transform.h> Onepaumﬂ transform: HavyanbHasa

#include <thrust/functional.h> No3ULMS M pa3Mep AaHHbIX 3343l0Tcs
#include <iostream>

uTepaTopamm.
int main(void) { Mcnonb3yeTcs cTaHAapTHas onepaums
«plus»

thrust::device_vector<float> X(3);
thrust::device_vector<float> Y(3);
thrust::device_vector<float> Z(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10;

hrust::transform(X.begin(), X.end(),
Y.begin(), -
Z.begin(),
thrust: :plus<float>());

for (size_t i = 0; i < Z.size(); i++)
std::cout << "Z[” << 1 << "] =7 << Z[1i] << "\n”;

3

return 0;

Thrust - napannenbHole anroputMbl aisi C++ 7/36
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Mpumep N21: cnoxeHne BEKTOpPOB

#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/functional.h>
#include <iostream>

[oaneMeHTHbIN BbIBOA, pe3ynbTaTta

int main(void) {

thrust::device_vector<float> X(3);
thrust::device_vector<float> Y(3);
thrust::device_vector<float> Z(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10;

thrust: :transform(X.begin(), X.end(),
Y.begin(),
Z.begin(),
thrust: :plus<float>());

for (size_t i = 0; i < Z.size(); i++)

std::cout << "Z[” << i << "] = 7 << Z[i] << "\n”;
i
return 0;
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Mpumep N21: cnoxeHne BEKTOpPOB

[dmikushin@tesla-cmc vector_addition]$ nvcc --version
nvee: NVIDIA (R) Cuda compiler driver

Copyright (c) 2005-2011 NVIDIA Corporation

Built on Thu_Nov_17_17:38:12_PST_2011

Cuda compilation tools, release 4.1, V0.2.1221
[dmikushin@tesla-cmc vector_addition]$ make

nvce vector_addition.cu -o vector_addition
[dmikushin@tesla-cmc vector_addition]$ ./vector_addition

z[0] = 25
Z[1] = 55
7[2] = 40

Thrust - napannenbHbie anroputMbl ansa C++
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Mpumep N22: SAXPY

SAXPY:z<—a*xx+vy

for (int 1 = 0; 1 < N; ++1i)
Z[i] = a * X[1i] + Y[i];

N
>
=<
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Mpumep N22: SAXPY - knacc-dyHKTOp

#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/functional.h>
#include <iostream>

struct saxpy {
float a;
saxpy(float a) : a(a) {3
__host__ __device__ float operator()(float x, float y) {

return a * x +y;

3

APC (info@parallel-computing.pr

Thrust - napannenbHole anroputMbl aisi C++ 10/36


mailto:info@parallel-computing.pro

Mpumep N22: SAXPY - knacc-dyHKTOp

#include <thrust/device_vector.h>

#include <thrust/transform.h> m
#include <thrust/functional.h> CTaH,ElaPTHOM onepauun «saxpy» B

#include <iostream> Thrust HeT, N03TOMy Mbl peanusyem
eé B BuAe knacca-hyHKTopa

struct saxpy { A d’y P

(dyHKUMOHaNbHOro 06beKTa)

float a;

saxpy(float a) : a(a) {3

return a * x + y;

‘»_host__ __device__ float operator()(float x, float y) {

3

3
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Mpumep N22: SAXPY - main

int main(void) {
thrust: :device_vector<float> X(3), Y(3), Z(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10;

float a = 2.0f;
thrust::transform(X.begin(), X.end(),
Y.begin(),
Z.begin(),
saxpy(a));

for (size_t i = 0; i < Z.size(); i++)
std::cout << "Z[” << 1 << "] = 7 << Z[1i] << "\n”;

return 0;
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Mpumep N22: SAXPY - main

int main(void) {
thrust: :device_vector<float> X(3), Y(3), Z(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10;

float a = 2.0f;

hrust::transform(X.begin(), X.end(),
Y.begin(),
Z.begin(),
saxpy(a));

for (size_t i = 0; i < Z.size(); i++)
std::cout << "Z[” << 1 << "] = 7 << Z[1i] << "\n”;

return 0;

Thrust-TpaHcdopMaums ¢ hyHKTOPOM
saxpy, OnpeAenéHHbIM NoNb30BaTeNEM

APC (info@parallel-computing.pr Thrust - napannenbHble anroputMbl ansa C+

11/36


mailto:info@parallel-computing.pro

Mpumep N23: SAXPY, \-BbipaxeHus (Thrust 1.5+)

using namespace thrust::placeholders;
int main(void) {
thrust: :device_vector<float> X(3), Y(3), Z(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10;

float a = 2.0f;

thrust::transform(X.begin(), X.end(),
Y.begin(),
Z.begin(),
a* 1+ _2);

for (size_t i = 0; i < Z.size(); i++)
std::cout << "Z[” << 1 << "] = 7 << Z[1i] << "\n”;
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Mpumep N23: SAXPY, \-BbipaxeHus (Thrust 1.5+)

using namespace thrust::placeholders;
int main(void) {

thrust: :device_vector<float> X(3), Y(3), Z(3);

X[@] = 10; X[1] = 20; X[2] = 30;
Y[@] = 15; Y[1] = 35; Y[2] = 10; Peanusaums saxpy c UCnonb3oBaHUEM

MapKepoB NoAcTaHoBKM: _1 1 _2

float a = 2.0f;

hrust: :transform(X.begin(), X.end(),
Y.begin(),
Z.begin(),
g il o4 29

for (size_t i = 0; i < Z.size(); i++)
std::cout << "Z[” << 1 << "] = 7 << Z[1i] << "\n”;
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Tunbl TpaHchopmaumi

\ Yuapuasa: X[i] = f(A[]])

N Bunapuas: X[i] = f(A[i], B[i])

N Tepuapuas: X[i] = f(A[i], B[i], C[i])

W 06o6wennan: X[i| = f(A[i], B[i], C[i], ...)

APC (info@parallel-computing.pro) Thrust — napannensHble anroputMbl ans C+
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Zip-utepaTopbl

A C

Heckonbko [ocnenoBatenbHOCTb KOpTe)KelZ
nocnenoBaTeNnbHOCTEN
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Mpumep N24: TepHapHas TpaHchopmaums

#include <thrust/device_vector.h>

#include <thrust/transform.h>

#include <thrust/functional.h>

#include <thrust/iterator/zip_iterator.h>

#include <iostream>

struct linear_combo {
__host__ __device__ float operator()(thrust::tuple<float,float,float> t) {
float x, vy, z;

thrust::tie(x,y,z) = t;

return 2.0f ¥ x + 3.0f * y + 4.0f * z;
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Mpumep N24: TepHapHas TpaHchopmaums

#include
#include
#include
#include
#include

<thrust/device_vector.h>
<thrust/transform.h>
<thrust/functional.h>

<thrust/iterator/zip_iterator.h>

<iostream>

struct linear_combo {

@yHKTOp, ONepupYIOLLMiA KOpTexaMu

[__host__ __device__ float operator()(thrust::tuple<float,float,float> t) { ]

float x, vy, z;

thrust::tie(x,y,z) = t;

return 2.0f ¥ x + 3.0f * y + 4.0f * z;
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Mpumep N24: TepHapHas TpaHchopmaums

#include <thrust/device_vector.h>
#include <thrust/transform.h>

#include <thrust/functional.h>

#include <thrust/iterator/zip_iterator.h>
#include <iostream>

PasbueHne koptexxa Ha KOMMOHEHTbI

struct linear_combo {
__host__ __device__ float operator()(thrust::tuple<float,float,float> t) {

float x, vy, z;

(thrust::tie(x,y,2) = t; )<

return 2.0f ¥ x + 3.0f * y + 4.0f * z;

APC (info@parallel-computing.pr
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Mpumep N24: TepHapHas TpaHchopmaums

#include <thrust/device_vector.h>
#include <thrust/transform.h>

#include <thrust/functional.h>

#include <thrust/iterator/zip_iterator.h>
#include <iostream>

BbluncneHue pesynbrata

struct linear_combo {
__host__ __device__ float operator()(thrust::tuple<float,float,float> t) {
float x, vy, z;

thrust::tie(x,y,z) = t;

(return 2.0f * x + 3.0f * y + 4.0f * z; )«

APC (info@parallel-computing.pr
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Mpumep N24: TepHapHas TpaHchopmaums

int main(void) {

thrust: :device_vector<float> X(3), Y(3), Z(3);
thrust: :device_vector<float> U(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10;
z[e] = 20; z[1] = 30; Z[2] = 25;

thrust: :transform(
thrust::make_zip_iterator(thrust::make_tuple(X.begin(), Y.begin(), Z.begin())),
thrust::make_zip_iterator(thrust::make_tuple(X.end(),
Y.end(),
Z.end())),
U.begin(),
linear_combo());

for (size_t i = @; i < Z.size(); i++)
std::cout << "U[” << i << "] = 7 << U[i] << "\n";

return 0;
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Mpumep N24: TepHapHas TpaHchopmaums

int main(void) {

thrust: :device_vector<float> X(3), Y(3), Z(3)
thrust: :device_vector<float> U(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[0] = 15; Y[1] = 35; Y[2] = 10; BxoaHble AaHHblIE 3apatoTcs
z[e] = 20; z[1] = 30; Z[2] = 25;

zip_iterator'amu

thrust::transform(
fhrust: :make_zip_iterator(thrust::make_tuple(X.begin(), Y.begin(), Z.begin())),

thrust::make_zip_iterator(thrust::make_tuple(X.end(),
Y.end(),
Z.end())),
U.begin(),
linear_combo());

for (size_t i = @; i < Z.size(); i++)
std::cout << "U[” << i << "] = 7 << U[i] << "\n";

return 0;
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Mpumep N25: cymma

#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/functional.h>
#include <iostream>
int main(void) {
thrust::device_vector<float> X(3);
X[0] = 10; X[1] = 30; X[2] = 20;
float result = thrust::reduce(X.begin(), X.end());

std::cout << "sum is << result << "\n”;

return @;

APC (info@parallel-computing.pr

Thrust - napannenbHbie anroputMbl ansa C++
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Mpumep N25: cymma

#include <thrust/device_vector.h>
#include <thrust/transform.h> CyMMa - onepaTtop no yMon4aHuio
#include <thrust/functional.h>
#include <iostream>

NS pegyKuum

int main(void) {
thrust::device_vector<float> X(3);

X[0] = 10; X[1] = 30; X[2] = 20;

[fLoat result = thrust::reduce(X.begin(), X.end()); ]w

std::cout << "sum is << result << "\n”;

return @;
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Mpnumep N26: nomMck MakcMMyMma

#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/functional.h>
#include <iostream>
int main(void) {
thrust::device_vector<float> X(3);
X[0] = 10; X[1] = 30; X[2] = 20;
float init = 0.0f;
float result = thrust::reduce(X.begin(), X.end(),
init,
thrust: :maximum<float>())

std::cout << "maximum is << result << "\n”;

return 0;

APC (info@parallel-computing.pr
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Mpumep

N26: nonck MakcMmyMma

#include
#include
#include
#include

<thrust/device_vector.h>
<thrust/transform.h>
<thrust/functional.h>
<iostream>

int main(void) {
thrust: :device_vector<float> X(3);
X[0] = 10; X[1] = 30; X[2] = 20;
float init =

0.0f;

float result = thrust::reduce(X.begin(), X.end(),

init,

Penykuuns ¢ onepatopomM maximum
M HavyanbHbIM 3HaveHuem 0.0 (Tonbko

ANA HeoTpuuaTesibHbIX ‘-IMCEH)

hrust: :maximum<float>()); J‘

std::cout << "maximum is ” << result << "\n”;

return 0;

APC (info@parallel-computing.pr

Thrust - napannenbHbie anroputMbl ansa C++

18/36


mailto:info@parallel-computing.pro

Mpumep N27: nHaekc MakcMMyma

#include <thrust/device_vector.h>
#include <thrust/transform.h>

#include <thrust/functional.h>

#include <thrust/iterator/zip_iterator.h>
#include <iostream>

typedef thrust::tuple<int,int> Tuple;
struct max_index {
__host__ __device__ Tuple operator()(Tuple a, Tuple b) {
if (thrust::get<@>(a) > thrust::get<0>(b))
return a;

else
return b;

Thrust - napannenbHole anroputMbl aisi C++ 19/36
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Mpumep N27: nHaekc MakcMMyma

#include <thrust/device_vector.h>

#include <thrust/transform.h> @yHKTOp Hafl KOpTeXaMmu (KmO‘-I
#include <thrust/functional.h>

#include <thrust/iterator/zip_iterator.h>

3HAYEHME): CPABHMUTL KIKOUM U
#include <iostream> BEPHYTb KOPTEX

typedef thrust::tuple<int,int> Tuple;

struct max_index {

_host__ __device__ Tuple operator()(Tuple a, Tuple b) {

if (thrust::get<@>(a) > thrust::get<@>(b))
return a;

else
return b;

Thrust - napannenbHole anroputMbl aisi C++ 19/36
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Mpumep N27: nHaekc MakcMMyma

int main(void) {
thrust: :device_vector<int> X(3), Y(3)

X[0] = 10; X[1] = 30; X[2] = 20; // values
Y[0] = 6; Y[1] = 1; Y[2] = 2; // indices

Tuple init(X[0],Y[01);

Tuple result = thrust::reduce(
thrust::make_zip_iterator(thrust::make_tuple(X.begin(), Y.begin())),
thrust::make_zip_iterator(thrust::make_tuple(X.end(), Y.end())),

init,
max_index());

int value, index;

thrust::tie(value,index) = result;

std::cout << "maximum value is 7 << value << ” at index ” << index << "\n”;

return 0;
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Mpumep N27: nHaekc MakcMMyma

int main(void) {
thrust: :device_vector<int> X(3), Y(3)

X[0] = 10; X[1] = 30; X[2] = 20; // values
(Yre1 = e; v[1] = 1; v[2] = 2;

// indices}w

LononHuUTeNbHbIA MacCUB MHAEKCOB

Tuple init(X[@],Y[0]);

Tuple result = thrust::reduce(
thrust::make_zip_iterator(thrust::make_tuple(X.begin(), Y.begin())),
thrust::make_zip_iterator(thrust::make_tuple(X.end(), Y.end())),

init,
max_index());

int value, index;

thrust::tie(value,index) = result;

std::cout << "maximum value is 7 << value << ” at index ” << index << "\n”;

return 0;
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Mpumep N27: nHaekc MakcMMyma

int main(void) { Pepnykuus ¢ nepBbiM 31eMEHTOM B

thrust::device_vector<int> X(3), Y(3); FERECE REREWEREIE ShEkElE] [

dyHKTOpOM max_index

X[0] = 10; X[1] = 30; X[2] = 20; // values
Y[0] = 6; Y[1] = 1; Y[2] = 2; // indices

(Tuple init(X[01,Y[01); )

Tuple result = thrust::reduce(
thrust: :make_zip_iterator(thrust::make_tuple(X.begin(), Y.begin())),
make_zip_iterator(thrust::make_tuple(X.end(), Y.end())),

int value, index;
thrust::tie(value,index) = result;
std::cout << "maximum value is 7 << value << ” at index ” << index << "\n”;

return 0;
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Bonpocbl npon3BoauTENBHOCTH

O6MeH AaHHbIMMU Bbluncnexus

Caueess | ae——)

FLOP/Byte

SAXPY FFT SGEMM
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QO

BbluncnutenbHasg MHTEHCUBHOCTb

\) B BbiwenpueenéxHbix npumepax (FLOPS : byte)
vector addition 1:12
SAXPY 2:12
ternary transform 5:20
sum 1:4
index of maximum 1:12

\) OnTMManbHas MHTEHcMBHOCTL s GPU (FLOPS : byte)
GeForce GTX 280 7.0:1

GeForce GTX 480 7.6:1
Tesla C870 6.7:1
Tesla C1060 9.1:1
Tesla C2050 71:1
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wparallel-computing pro

Q

BbluncnutenbHasg MHTEHCUBHOCTb

\) B BbiwenpueenéxHbix npumepax (FLOPS : byte)

vector addition 1:12

SAXPY 2:12

ternary transform 5:20 NPOTMBOMONOXKHbI!
sum 1:4

index of maximum 1:12

\) OnTMManbHas MHTEHcMBHOCTL s GPU (FLOPS : byte)
GeForce GTX 280 7.0:1

GeForce GTX 480 7.6:1
Tesla C870 6.7:1
Tesla C1060 9.1:1
Tesla C2050 71:1
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Mpumep N28: nHaekc Makcumyma (ONTMMM3aLmus)

int main(void) {

thrust: :device_vector<int> X(3);
thrust: :counting_iterator<int> Y(0);

X[0] = 10; X[1] = 30; X[2] = 20;
Tuple init(X[0],Y[0]);

Tuple result = thrust::reduce(
thrust::make_zip_iterator(thrust::make_tuple(X.begin(), Y)),
thrust::make_zip_iterator(thrust::make_tuple(X.end(), Y + X.size())),
init,
max_index());

int value, index;

thrust::tie(value,index) = result;

std::cout << "maximum value is 7 << value << ” at index ” << index << "\n”;

return 0;
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Mpumep N28: nHaekc Makcumyma (ONTMMM3aLmus)

int main(void) {

thrust: :device_vector<int> X(3);
[thrust: :counting_iterator<int> Y(0); }‘

X[0] = 10; X[1] = 30; X[2] = 20;

B uensx ontummsaumm ncnonb3lyetca

Tuple init(X[0],Y[01); 9 o
cneuuanbHbiM counting_iterator
Tuple result = thrust::reduce( BMECTO MacCMBa MHAEKCOB
thrust::make_zip_iterator(thrust::make_tuple(X.begin(), Y)),
thrust::make_zip_iterator(thrust::make_tuple(X.end(), Y + X.size())),
init,
max_index());

int value, index;

thrust::tie(value,index) = result;

std::cout << "maximum value is 7 << value << ” at index ” << index << "\n”;

return 0;
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NcxopHasa peanusaums
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ONTMMMU3NPOBAHHBIN BapuaHT
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QO

Cnunanue (fusion) umknos

[lBa MCXOAHBIX LMKNA:

for (int 1 = ©; i < N; ++i)
Uil = FCX[i1,Y[11,Z[11);
for (int 1 = 0; 1 < N; ++1i)

V[i] = G(X[1],Y[1],2[11);

[Ba umkna, 06beaUHEHHbIE B OOUH:

for (int 1 = 0; 1 < N; ++i) {
Uil = FCX[i1,Y[11,Z[11);
V[i] = G(X[1]1,Y[1],.Z[11);

b
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Mpumep N29: cnuaHue TpaHchopmaunn

#include <thrust/device_vector.h>
#include <thrust/transform.h>

#include <thrust/functional.h>

#include <thrust/iterator/zip_iterator.h>
#include <iostream>

typedef thrust::tuple<float,float> Tuple2;
typedef thrust::tuple<float,float,float> Tuple3;

struct linear_combo {
__host__ __device__ Tuple2 operator()(Tuple3 t) {
float x, vy, z; thrust::tie(x,y,z) = t;

float u = 2.0f * x + 3.0f * y + 4.0f * z;
float v = 1.0f * x + 2.0f * y + 3.0f * z;

return Tuple2(u,v);

3
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Mpumep N29:

CNUsHUe TpaHchopMaumim

<thrust/device_vector.h>
<thrust/transform.h>
<thrust/functional.h>
<thrust/iterator/zip_iterator.h>
<iostream>

#include
#include
#include
#include
#include

typedef thrust::tuple<float,float> Tuple2;
typedef thrust::tuple<float,float,float> Tuple3;

struct linear_combo {

__host__ __device__ Tuple2 operator()(Tuple3 t) {

float x, vy, z; thrust::tie(x,y,z) = t;

loat u

=2.0f * x + 3.0f * y + 4.0f * z;
loat v =

AGIE = 52 40 260 @ W & BUEE 2 23

BxopHble M BbIXO4HblE AAHHbIE

06beSMHSAIOTCS B KOPTEXM

return Tuple2(u,v);
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Mpumep N29: cnuaHue TpaHchopmaunn

int main(void) {

thrust: :device_vector<float> X(3), Y(3), Z(3);
thrust: :device_vector<float> U(3), V(3);

X[0] = 10; X[1] = 20; X[2] = 30;
Y[@] = 15; Y[1] = 35; Y[2] = 10;
Z[0] = 20; Z[1] = 30; Z[2] = 25;

thrust: :transform(
thrust::make_zip_iterator(thrust::make_tuple(X.begin(), Y.begin(), Z.begin())),
thrust::make_zip_iterator(thrust ake_tuple(X.end(), Y.end(), Z.end())),
thrust::make_zip_iterator(thrust::make_tuple(U.begin(), V.begin())),
linear_combo());

for (size_t i = @; i < Z.size(); i++)
std:icout << "U[” << i << "] = 7 << U[i] << 7 V[” << i << "] = 7 << V[i] << "\n";

return 0;
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Mpumep N29: cnuaHue TpaHchopmaunn

int main(void) {

thrust: :device_vector<float> X(3), Y(3), Z(3);
[thrust::deviceivector<float> uc3), V(3); }‘

X[0] = 10; X[1] = 20; X[2] = 30;
Y[@] = 15; Y[1] = 35; Y[2] = 10;
Z[0] = 20; Z[1] = 30; Z[2] = 25;

Tenepb U Ha BbIxoAe —
nocnefoBaTebHOCTb KOPTeXeW

thrust: :transform(
thrust::make_zip_iterator(thrust::make_tuple(X.begin(), Y.begin(), Z.begin())),
thrust::make_zip_iterator(thrust ake_tuple(X.end(), Y.end(), Z.end())),
[thrust ::make_zip_iterator(thrust::make_tuple(U.begin(), V.begin())),
linear_combo());

for (size_t i = @; i < Z.size(); i++)
std:icout << "U[” << i << "] = 7 << U[i] << 7 V[” << i << "] = 7 << V[i] << "\n";

return 0;
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Mpumep N29: cnuaHue TpaHchopmaunn

NcxopHaa peannsaums ONTMMW3NPOBAHHbBIV BapUaHT
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QO

[lBa MCXOAHBIX LMKNa:

CnusiHue TpaHchopMaLmK U peayKLumm

for (int i = ©; i < N;
Y[i] = FCX[iD);

for (int i = 0; i < N;
sum += Y[i];

++1)

++1)

[Ba umkna, 06beaUHEHHbIE B OOUH:

for (int i = 0; i < N;
sum += F(X[1]);

++1)
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Mpumep N210: TpaHchopmaumsa + peaykums

#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/functional.h>
#include <iostream>
using namespace thrust::placeholders;
int main(void) {
thrust::device_vector<float> X(3);
X[0] = 10; X[1] = 30; X[2] = 20;
float result = thrust::transform_reduce(
X.begin(), X.end(),
_1* 1,
0.0f,
thrust: :plus<float>());

std::cout << "sum of squares is ” << result << "\n”;

return 0;
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APC (info@parallel-computing.pr


mailto:info@parallel-computing.pro

Mpumep N210: TpaHchopmaumsa + peaykums

#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/functional.h>
#include <iostream>

using namespace thrust::placeholders
int main(void) {

thrust::device_vector<float> X(3);

X[0] = 10; X[1] = 30; X[2] = 20;

Bbluncnexune KBagpaTtoB U C/I0OXKeHWe B

O[HOM onepauuu

loat result = thrust::transform_reduce(

X.begin(), X.end(),
J1x1,

0.of,

thrust: :plus<float>());

std::cout << "sum of squares is

return 0;

<< result << "\n”;
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NcxopHaa peanusauma
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ONTUMU3UPOBAHHbI BapuaHT
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B3sanmopencteue Thrust u CUDA

MNpeobpazoBaTb KOHTEMHEP K 0ObIYHOMY yKa3aTento:

7,

thrust::device_vector<int> d_vec(4);
int* ptr = thrust::raw_pointer_cast(&d_vec[0]);
my_kernel<<< N / 256, 256 >>>(N, ptr);

cudaMemcpyAsync(ptr, ... );
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B3sanmopencteue Thrust u CUDA

A} «O6epHyTb» 0ObI4YHbIN MAacCUB B creLl. KoHTelHep Thrust:

int *raw_ptr;

cudaMalloc((void**) &raw_ptr, N * sizeof(int));
thrust::device_ptr<int> dev_ptr(raw_ptr);
thrust::fill(dev_ptr, dev_ptr + N, (int) 0);

dev_ptr[0] = 1;

cudaFree(raw_ptr);
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[ononHutenoHble npumepsbl Ha GitHub:

\) Monte Carlo Integration \) Graphics Interop

N Run-Length Encoding \) Stream Compaction
N\ Summed Area Table \) Lexicographical Sort
\) Moving Average N\ Summary Statistics
N\ Word Count \) Histogram

N\ VoronoiDiagram NI
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M

punoxeHus Thrust

CEEF CUSP - onepaumu ¢ pa3spexeHHbIMU MAaTpULEAMM U BbIMUCIEHNUS Ha rpadax

c nopaepxkonn CUDA
http://code.google.com/p/cusp

Wt 1
anddeperHumanbHbiMm YPUT
http://www.mcs.anl.gov/petsc/

HaYYHbIX M UHXEHEPHbIX 33434
http://trilinos.sandia.gov/

APC (info@parallel-computing.pro)

-library/

Thrust - napannenbHbie anroputMbl ansa C++

PETSc - napannenbHoe pelleHne Hay4YHbIX 33434, MOAENNpPYeMbIX

ey Trilinos — 06beKTHO-OpMEHTUPOBAHHAsA BMBAMOTEKA NS peLleHUs CTOXKHbIX
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Pecypcbl

\) TpeseHTtaums Nathan Bell:
Rapid Problem Solving Using Thrust

N\ lMpesentaumsa Ty McKercher:
Using Thrust to Sort CUDA FORTRAN Arrays
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