Pa3spa6oTKa Ha CUDA c ucnonb3sosaHuem Thrust
Munxann CMMpPHOB




#include <thrust/host vector.h>
#include <thrust/device vector.h>
#include <thrust/generate.h>
#include <thrust/sort.h>

#include <thrust/copy.h>

#include <cstdlib>

int main(void)
{

// crenepuporBaTes 32M ClyYaMHHX UYMCeJI Ha XOCTe
thrust::host vector<int> h vec (32 << 20);
thrust: :generate (h_vec.begin(), h_vec.end(), rand);

// CKOIIMPOEBATE ILOAHHEIE Ha YCTPOIZ[C'I'BO
thrust: :device vector<int> d vec = h_vec;

// oTcoprupoBaTer (846M kiKuer B CeKyHOy Ha GeForce GTX 480)
thrust::sort(d _vec.begin(), d vec.end())

// ckxonmpoBaTe OBPAaTHO Ha XOCT
thrust: :copy(d vec.begin(), d vec.end(), h vec.begin())

return 0;
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Thrust

* bubamoteKa wabnoHoB ansa CUDA
— noxora Ha STL

« KoHTEenHepbl

— OCHOBHas NaMATb M MNAaMATb YCTPOMUCTBA
* AITOPUTMBbI

— transform, sort, reduce, scan, ...
* ITepaTopbl
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KoHTenHepbl

* ABTOMaTHU4ecKoe yrnpaBJ1€eHNE NMaMATbIO

thrust: :device vector<int> d vecl (10);

// mocTyn K naMsiTM yCTPOMCTEBA C XOcCTa

d vecl[0] = 11;

d vecl[l] = 12;

// BeKTOp B OCHOBHOM I1aMSITH

thrust: :host vector<int> h vec (10);

// KonmMpoBaHMe QHAHHHX B INaMATE YyCTPOMCTEA

thrust: :device vector<int> d vec2 = h vec;

// YTeHme IDaHHEX M3 IaMSITM YCTPOMCTBA

std::cout << d vecl[5] << " " << d vec2[5] << std::endl;
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KoHTenHepbl

e CoBMEecTMMOCTb ¢ STL

// STL cnmMcox B OCHOBHOM I[IaMsiTH
std: :1list<int> h list;
h list.push back (10);
h list.push back (11);

// BexTop B naMsiTM yCTpPOMCTEA

thrust: :device vector<int> d vec;

// MHULIMaAIMBaLUMsS BHAYEHMUSIMM M3 CIOMCKA

thrust::copy(h list.begin(), h list.end(), d vec.begin())

// ansTepHaTHMBHHI MNOOXON: MCIOJILB3O0BaHME KOHCTPYKTOPAa
thrust: :device vector<int> d vec(h list.begin(), h list.end());
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OTpenbHoe NpoCTPaHCTBO UMEH

e [lo3Bos1geT nsbexatb KOHOAMKTOB C STL

// BeKTOp B OCHOBHOM I1aMSITH
thrust: :host vector<int> h vec (10);

// copTupoBka cpencTeamm Thrust
thrust::sort (h_vec.begin(), h vec.end());
// copTuporka cpencrBamm STL

std::sort (h_vec.begin(), h vec.end());

// nonyumThs JOCTYyI K MMeHaM u3 npocrpaHcTBa thrust
using namespace thrust;

// BHBOB 6e3 mMcCHnons30BaHMSI KBanmubmxarTopa
int sum = reduce (d vec.begin(), d vec.end());
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UTepaTopbl

e [lapa nTepatopoB 3a4aeT AMana3oH

// BHOeNUTE NaMsaTL yCTPOMCTBA

device vector<int> d vec(1l0);

// ob6BsIBIIeHMe uTepaTOpPOB

device vector<int>::iterator begin d vec.begin() ;
device vector<int>::iterator end d vec.end();
device vector<int>::iterator middle = begin + 5;

// NpoCyMMMPOBATE IOJIOBMHKM BEKTOpPa OTHEeJIBLHO
int sum halfl = reduce(begin , middle) ;
int sum half2 = reduce (middle, end);

// nycTom agmanasoH
int empty = reduce (begin, begin) ;
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UTepaTopbl

» PAabOTalOT KaK yKasaTenu

// nepeMenHmle Tuna iterator
thrust: :device vector<int>::iterator begin d vec.begin ()
thrust: :device vector<int>::iterator end = d vec.end ()’

// apubdMeTMuecKMe HOEeNCTBUSI KaK C yKaBaTelnsMu
begin++;

// paBsHMeHOBaHMe Ha XOCTe MTEpPaTOPOB mJs MNaMATH YCTPOMCTEA
int a = *begin;
int b = begin[3];

// mnuHa oTpeska [begin, end)
int size = end - begin;
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UTepaTopbl

« Copep:KaT MH(OpPMALMIO O PACMOIOKEHMM
NamMATU (XOCT/yCTPOMCTBO)

— ABTOMaTU4YECKMU BbIOOP a/irOpUTMa
// TeHepauusi CydYaMHEIX UMCEeJI Ha XOCTe

host vector<int> h vec (10);

generate (h vec.begin (), h vec.end (), rand);
// ckonuMpoBaTE HOaHHEE Ha YCTPOMCTBO

device vector<int> d vec = h_vec;

// mocumMTaTe CYMMYy Ha XOCTe
int h sum = reduce (h vec.begin (), h vec.end ());
// nmocumTaTE CyMMy Ha YyCTPOMCTEE

int d sum = reduce (d vec.begin (), d vec.end ());
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ANropuUTmbl

 [loanemMeHTHble onepaummn
— for_each, transform, gather, scatter, ...

* Pegykumm

—reduce, inner_product, reduce_by_key, ...

* [I[pedpHKCHbIE CYMMBI

— inclusive_scan, inclusive_scan_by_key, ...

« COpTHUpOBKa
— sort, stable_sort, sort_by_key, ...
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ANropuUTmbl

e PabOTalOT C AManNa3oOHaMM
— OANH NI HECKOJIbKO

// BHOEIUTE NaMsaATEL Ha YyCTPOMNCTEE
device vector<int> A(10);

device vector<int> B(1l0);

device vector<int> C(10);

// copTumpoBka A (in-place)

sort (A.begin(), A.end())

// A -> B

copy (A.begin(), A.end(), B.begin());
// A+ B ->C

transform(A.begin(), A.end(), B.begin(), C.begin (), plus<int>()):;
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ANropuUTmbl

« CTaHAapTHble onepaTtopbl

// BHOENUTEL NaMsITh

device vector<int> A(10);
device vector<int> B(1l0);
device vector<int> C(10);

// A+ B ->C
transform(A.begin(), A.end(), B.begin(), C.begin(), plus<int>())
// A - B ->C
transform(A.begin(), A.end(), B.begin(), C.begin (), minus<int>());

// npousBeneHMe BCeX SJIEMEHTOB (pPemyKLMsi C YMHOXEHMEeM)
int product = reduce(A.begin(), A.end(), 1, multiplies<int>());
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ANropuUTmbl

° CTaH,D,apTHbIe TUIMbl AaHHbIX

// BHOEIUTE [IaMsITh
device_vector<int> i_vec=
device_vector<float> f_vec=

// cyMMa LIeNsxX umnces:
int 1 sum= reduce(i_vec.begin(), i _vec.end());

// cyMMa BelleCTBEHHHX YMCeJI OOVMHAPHOM TOYHOCTMU
float £ sum= reduce(f vec.begin(), £ vec.end()):
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ANropuUTmbl

* [lonb3oBaTenbCcKkue TUMbl AaHHbIX
* [loib30BaTEIbCKME Onepaunm
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ANropuUTmbl

// BHUMCINTE KO3QOMIMEHT HAKIIOHA MPSIMOM
struct GetSlope {
__host ~ device
float operator() (float2 wvec) {
return vec.x / vec.y;

}
};

// BHOENUTEL NaMsITh

device vector<float2> d vec;

Init (d vec) ;

device vector<float2> d slopes (d vec.size ());

// cospmaTe byHKTOP

GetSlope func;

// mpeo6bpaszoBaTk KaXIM SJIEMEHT

transform (d vec.begin (), d vec.end (), d slopes.begin (), func);
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ANropuUTmbl

// CpPaBHMUTE KOMIIOHEHTY X OBYX CTPykTyp float2
struct CompareFloat2 {
__host =~ device
bool operator() (float2 a, float2 b) {
return a.x < b.x;

}
};

// BHOEIUTHL NaMsaAThb

device vector<float2> vec =

// cospaTk QYyHKTOP

CompareFloat2 comp;

// cCOpPTMPOBATE SJIEMEHTH 10 KOMIIOHEHTE X
sort (vec.begin (), vec.end(), comp);
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B3amoagenucteme c 06bIYHbIM KOAOM

° I'Ipeo6pa3OBaHl4e UTEPATOPOB B YKA3aTe/in

// BHOeJleHMe I1aMsITH
thrust: :device vector<int> d vec(4);

// nonyuyeHme ykasaTeJlysi Ha [aMsITh BeKTOpa
int* ptr = thrust::raw pointer cast(&d vec[0]);

// ucnonbpsoBaHme ptr B o6riuHoM CUDA C
my kernel<<< N / 256, 256 >>>(N, ptr);

// Ykasarens ptr He MOxXeT OHTEL pas3HMEHOBaAH Ha xocTe!
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B3amoagenucteme c 06bIYHbIM KOAOM

 device_ptr - ob6epTKa 415 yKasaTeneu

// OOBuUHEM yKasBaTelNkb Ha [aMsTh YyCTPOMCTBA

int* raw ptr;

cudaMalloc((void**) &raw ptr, N * sizeof(int));
// obepTka

device ptr<int> dev_ptr(raw ptr);

// wmcnonesoeaume device ptr B anropmrMax Thrust
fill (dev_ptr, dev _ptr + N, (int) 0);

// mocTyn x namsaTm uepes device ptr

dev_ptr[0] = 1;

// ocBobomMTE I1aMsTh
cudaFree (raw_ptr) ;
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Thrust

« KoHTEMHepbI

— aBTOMaTUYeCKOoe YyrpaBJ/iIeHUE NaMSATbIO
* ITepaTopbl

— 3HalOT, B KAKOM NAMSATM PaCnosioxKeHbl JaHHbIE
* AITOPUTMBbI

— paboTaloT C AMana3oHamM
— NOJIb30BaTeIbCKMUE TUMbI JaHHbIX
— N0/Ib30BaTe/IbCKME onepaumm
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Thrust

* TwartesibHO TeCcTupyeTcA
* OTKpbITbIM KOA

— peno3nTtopmn Ha Google Code
— Apache v2

* AKTUBHOE COOOLEeCcTBO
— 300+ yyacTHHMKOB B cusp-users (Google Groups)
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CcbinKku

* Thrust Ha Google Code
* thrust-users Ha Google Groups

* OCHOBaAHO Ha Npe3eHTaunm
“High-Productivity CUDA Development with the
Thrust Template Library”, Nathan Bell (NVIDIA
Research), GTC 2010
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