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BnbamoTtexku
_’

CUBLAS — Ba3oBble pyHKUUM IMHEMHOW anrebpbl

CUSPARSE - BLAS gna pa3peXeHHbIX BeKTOPOB U MaTpuL,
CUFFT — npeobpasoBaHue dypbe

CURAND — reHepauma nceB40\KBa3n-C/ly4amHbIX YnCen
NPP — NVidia Performance primitives

CUDA Video Decode — paboTa ¢ NOTOKOBbIM BUAEO0
Thrust — Lab/10HbI napasnie/ibHbIX a/AF0PUTMOB

math.h - C99 floating-point Library



June, 2011

<A NVIDIA

http://developer.nvidia.com/content/cuda-40-math-libraries-performance-boost



FFTs up to 10x Faster than MKL

1D used in audio processing and as a foundation for 2D and 3D FFTs

cuFFT - Single Precision cuFFT - Double Precision

Radix2 Radix2
- Radix3 = Radix3

w— Radix7 — Radix7

— . = Hadix5

B 10 12 14 16 18 20 22 24 26 28 8 10 12 14 16 18 20 22 24 26 28
log2(size) log2(size)

MKL 10.1r1 on Intel Quad Core i7-940 1333, 2.93Ghz
cuFFT 4.0 on Tesla C2070, ECC on

Performance measured for ~16 M total elements, split into batches of transforms of the
size on the x-axis



2D/3D primes now use Bluestein Algorithm

Significant performance improvement for 2D and 3D transform sizes

cuFFT Single Precision 2D

mmm CUFFT 4.0
cuFFT 3.2
MKL

200 1000 1200 1400 1600 1800
Transform size (NxN, for prime N)

MKL 10.1r1 on Intel Quad Core i7-940 1333, 2.93Ghz
CuFFT4.0 on C2070, ECCon
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Up to ~800GFLOPS and ~ 17X speedup over MKL

Speedup over MKL

GFLOPS

Double Double Complex

Complex

Single

Double |Double Complex

Complex

Single

4Kx4K matrix size

CUBLAS 4.0, Tesla C2050 (Fermi), ECC on
MKL 10.2.3, 4-core Corei7 @ 2.66Ghz



ZGEMM Performance vs. Matrix Size
Up to 8X speedup over MKL

97% of peak perf. (1024x1024)

85% of peak perf. (512x512) cuBLAS 4.0

MKL

of peak perf. (512x512)
J of peak perf. (1024x1024)

CUBLAS 4.0, Tesla C2050 (Fermi), ECC on
MKL 10.2.3, 4-core Corei7 @ 2.66Ghz
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* BLAS - Basic Linear Algebra Subprograms

* CTaHgapT APl ana 6ubanoTtek, peansyomx
OCHOBHble onepauuu IMHEMHOW aaredpbl

* http://[www.netlib.org/blas/



BLAS. ®PyHKLUMOHA/IbHOCTb

‘\

* YpoBeHb 1: BeKTOpHble onepauuu

*y=ax+y
* a=xy
* YpoBeHb 2: BeKTOpHO-MaTpu4Hble onepayum
* y=aAXx + by
* A=axy +A
* YpoBeHb 3: MaTpu4Hble onepauuu
* C=aAB+C



BLAS. Peannsauunm
‘\

* refblas — C/[Fortran77, netlib
* ATLAS - C/Fortran77, netlib
* UBLAS — C++, Boost

+ CUBLAS — C, NVIDIA

+ ACML - C/Fortran77, AMD

* MKL - C/Fortran77, Intel

+* MAGMA



MmeHoBaHMe GyHKUMI (1)

\

# <character> <name> <mod> ()

* character

* s -real, single precision (BeLyecTBeHHble gaHHbIE OAUHAPHOM
TOYHOCTM)

# ¢ - complex, single precision (Komn/ieKcHble gaHHble
O/AMHAPHOM TOYHOCTH)

# d -real, double precision (Bew,ecTBeHHble gaHHble ABOMHOM
TOYHOCTM)

# z - complex, double precision (Komn/eKkcHble gaHHble
ABOMHOM TOYHOCTN)




MMeHOoBaHUe QyHKLMIMA (2)
\

* BLAS Level 1

* 2dot - cKaznAapHOe npousBesgeHne BEKTOPOB

* 2rot — noBepHyTb BEKTOP

* 2swap — 0OMEeHATb CoAepKUMOEe BEKTOPOB
* <mod>

# ¢ - conjugated vector (conpsEHHbI BEKTOP)

# U - unconjugated vector (McxogHbIM (HeCONPAXKEHHDIN)
BEKTOP)

« g - Givens rotation (BpaweHue MBeHca)



MMmeHoBaHMe cnocob0B XpaHEeHUA

maTpuu (3)
\

* BLAS level 2,3 <name>

« ge - general matrix (06blMHaA MaTpuLa)

« gb - general band matrix (n1eHTOYHaA maTpuLa)
# sy - symmetric matrix (cMuMmMeTpuyHasa maTpuua)
*

sp - symmetric matrix (packed storage) (cummeTpuyHaA ynakoBaHHas
mMaTpuLa)

sb - symmetric band matrix (cuMmeTpMyHasa 1eHTOYHAA yNaKkoBaHHasA
mMaTpuLa)

he - Hermitian matrix (3pmuToBa MmaTpuua)

hp - Hermitian matrix (packed storage) (3pmuTOBa ynakoBaHHas maTpuua)
hb - Hermitian band matrix (3pm1TOBa IeHTOYHAA MaTpULA)

tr - triangular matrix (TpeyrosbHaa maTpuua)

tp - triangular matrix (packed storage) (TpeyrosbHasa ynakoBaHHas
Manmu,a%

# tb - triangular band matrix (TpeyrosbHana n1eHTOYHaA maTpuLa)

*

X * X K X



MMeHoBaHWe GyHKUUM (4)

_‘

+ BLAS level 2 <mod>

*
*

*
*

mv - matrix-vector product (MaTpMyHO-BEKTOPHOE YMHOXEHME)

sv - solving a system of linear equations with matrix-vector
operations (peLueHne cMcTeMbl /IMHENHBIX arebpanyeckux
YPaBHEHMIM C O4HOW NPaBOM YacCTbO)

r - rank-1 update of a matrix (go6aBseHne MmaTpuLbl «paHra 1»)
r2 - rank-2 update of a matrix (g06aBseHMe ABYX MATPUL, «paHra 1»)

*  BLAS level 3 <mod>

*

*

mm - matrix-matrix product (npousBegeHue maTpuL,)

sm - solving a system of linear equations with matrix-matrix
operations (peLueHne cMcTeMbl /IMHEMHBIX airebpanyeckux
YPaBHEHMIM CO MHOTMMM NMPaBbIMM HACTAMM)

rk - rank-k update of a matrix (g06aBseHue MaTpuLbl «MONHOMO»
paHra)

r2k - rank-2k update of a matrix (go6aBseHue gBYx maTpuy,
«MO/IHOrO» PaHra)



cuBLAS. OcobeHHOoCTH
.Q

* Bub/moTeka opmeHTUpoBaH Ha PopTpaH. [To3TOMY B LLeaAx
COBMECTUMOCTU C CYLL,eCTBYIOLUMUN BEPCUAMU B MaTpULLaX
Nnoc/eA0BaTe/IbHO /1eXKaT 3/1eMeHTbl B cTo16uax (column-
major storage format)

* Hymepauua 3/1€eMEHTOB Ha4YMHAETCA C €AUHULLbI.

# Ana C\C++ HaAg0 MCNO/b30BaTb MAaKPOChI:
# #define IDX2F(i,3,1d) ((((3)=-1)*(1d))+((i)-1))
# #define IDX2C (i,3,1d) (((3)*(1d))+(i))

* [IpoBepKa OWMOOK 0TAE/IbHbIMU PYHKUMAMM.



C60pKa nporpammbl

‘\

* Pann 3aronoBKa — cublas.h
* BubmoTexku

# cublas.so (Linux),

# cublas.dll (Windows),

+# cublas.dylib (Mac OS X)
* Makefile

* USECUBLAS :=1



#include "cublas.h"

float* h_A; float* h_B; float* h_C; ——_
float* d A =o0;float* d B =o0;float* d C=o0;

intn2=N*N;

cublasStatus status;

status = cublasInit(); // check status Increment
status = cublasAlloc(n2, sizeof(d _A[0]), (void**)&d A);

status = cublasAlloc(n2, sizeof(d B[0]), (void**)&d B);

status = cublasAlloc(n2, sizeof(d C[0]), (void**)&d C);

status = cublasSetVector(n2, sizeof(h_A[0]), h A/ 1,d A, 1);
status = cublasSetVector(n2, sizeof(h_B[0]),h B, 1,d B, 1),
status = cublasSetVector(n2, sizeof(h_C[0]), h G, 1, d_C, 1);
cublasSgemm('n’, 'n', N, N, N, alpha,d A, N, d B, N, beta,d C, N);
status = cublasGetError();

status = cublasGetVector(n2, sizeof(h_C[0]),d C 1, h _C, 1);

status = cublasFree(d _A);

status = cublasFree(d_B);

status = cublasFree(d C);

status = cublasShutdown();



\

* KaTteropuu @yHKUUM

* Level 1 — onepauum mexay paspeXeHHbIMU U
«M/I0THbIMW» BEKTOPaMu

* Level 2 — onepayum mexay paspexeHHbIMU MaTpuLamu
U «TN/I0THbIMMW» BEKTOPAMMU

* Level 3 — onepauun Hag pa3pexkeHHbIMU MaTPULLAMU U
MHOeCTBOM «M/IOTHbIX» BEKTOPOB

* BcnomoraTtenbHble GyHKUMK U PYHKLMKM Npeobpa3oBaHmA
TUMNOB



PopmaT pasperkeHHbIX BEKTOPOB

‘\

* MHAGKCHbIM popmaT

* V =][1.0, 0.0, 0.0, 2.0, 3.0, 0.0, 4.0]
Val = [1.0, 2.0, 3.0, 4.0]
ldx=[ 1, 4, 5, 7]//one-baseindex
Idx=[ 0, 3, 4, 6]//zero-baseindex

* 3HaYeHUe MHAEKCa MOKeT TO/IbKO YBe/IMYMBaTbCA
* MHAEKC BCTpeyaeTca TO/IbKO 1 pa3



*

*

*

*k

dopmaTbl pa3perKeHHbIX MaTpuL,

‘\

MA0THbIM (MO/HBIN) dopmaT

KoopauHaTHbIM popmaT
C)KaTbIM MO CTPOKaMm
C)KaTbIM MO KO/IOHKaM



[1oAHbIN (N/10THBIN) dopMaT

ldX

M — KO/1M4eCTBO CTO/N6L,0B

N — KO/1M4ecTBO pAAOB B MaTpuue

|dX — Ko/myecTBO pAgoB B nosHoM maTpuue. [dX>=N
V — 3/1€ MeHTbl MaTpuLbl

* % X *



KoopguHaTHbIM dopmaT
.‘

MaTtpuua MxN

NNZ — KO/IM4E€CTBO HEHY/1EBbLIX 3/1EMEHTOB

cooValA — MaccuB 3HaYEeHUINM HEHY/1EBbIX 3/1EMEHTOB
MaTpuLbl B MOpAAKe NpuopuUTeTa no pAagam
cooRowIndA — maccuB MHAEKCOB pAAOB
COOTBETCTBYHOLLUMX HEHY/IEBbIX 3/1EMEHTOB MaTPULLb

cooColIndA — maccmB MHAEKCOB CTONOLOB
COOTBETCTBYHOLWMX HEHY/1IEBbIX 3/1IEMEHTOB MaTpPULbl
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2.0, 3.0, 5.0, 7.0, 8.0, 9.0, 6.0]

4.0,

[1.0,
[
[

cooValA

0, 0, 1, 1, 2, 2
3

cooRowIndxA =
CooColIndxA =

4]

4

2

4

4

4

0,

2,

1,

1,

0,

]

6.0

8.0, 9.0,

4

3.0, 5.0, 7.0

4

, 2.0

4.0

[1.0,
[
[

cooValA

4]

1, 1, 2, 2, 3, 3, 3,

cooRowIndxA =
CooColIndxA =

o]

1,

3,

2,

2,

1,



C)KaTbIM MO CTPOKaM

\

AHanormyeH KoopAuHaTHoOMy GopmaTy, HO MaCcCMB
MHAEKCOB CTPOK CHMMaeTCA.

NNZ — KO/INYeCTBO HEHY/1IEBbLIX 3/1EMEHTOB

csrValA — maccuB 3HaY€HUIM HEHY/IEBbIX 3/1IEMEHTOB
MaTpuLUbl B NOpA4Ke NpuopuTeTa rno pagam

cSrROWPtrA — maccnB a/imHHbI N+1. [lepBble N — MHAEKC B
csrValA nepBoro asiemeHTa B i-TOM CTPOKe, [NocaeaHUI
paBeH nnz+(0 uam1).

csrColindA — maccmB MHAEKCOB CTONOLOB
COOTBETCTBYHLLMX HEHY/IEBbIX 3/1€EMEHTOB MaTPULbl



dopmaT CKaTuUA MO CTPOKaM

(npumep)

0
0
0
0

O0OJOOoO
oo NoNe)

csrValA = [1.0 4.0 2.0 3.0 5.0 7.0 8.0 9.0 6.0]
csrRowPtrA = [0 2 4 7 9]
csrColIndA = [01 1 2 0 3 4 2 4]

csrValA = [1.0 4.0 2.0 3.0 5.0 7.0 8.0 9.0 6.0]
csrRowPtrA = [1 3 5 8 10]
csrColIndA = [1 2 2 31 4 5 3 5]



C)KaTblM NO CTONOUAM

\

AHa/I0rM4yeH KOopAUHATHOMY pOopmaTy, HO MacCuUB
MHAEKCOB CTO/1IOL0B CKMMAETCA.

NNZ — KO/INYeCTBO HEHY/1IEBbLIX 3/1EMEHTOB

cscValA — maccuB 3HaYEeHUM HEHY/1EBbIX 3/1EMEHTOB
MaTpuLbl B MIOpAAKe NpUopuMTeTa No CTOAOLAM

cscColPtrA — maccmB gaviHHBI M+1. TlepBble M — MHAEKC B
csrValA nepBoro asiemeHTa B i-TOM CT0/10Le, [NocneaHnI
paBeH nnz+(0 uam1).

cscRowlIndA — maccmB MHAEKCOB CTPOK
COOTBETCTBYIOLLMX HEHY/IEBbIX 3/1EMEHTOB MaTpuULbl




dopmaT CKaTuA nNo CToabuam

(npumep)

0
0
0
0

O0OJOOoO
oo NoNe)

cscValA = [1.0 4.0 2.0 3.0 5.0 7.0 8.0 9.0 6.0]
cscColPtrA = [0 2 4 6 7 9]
cscRowIndA = [0 2 011 3 2 2 3]

cscValA = [1.0 4.0 2.0 3.0 5.0 7.0 8.0 9.0 6.0]
cscColPtrA = [1 3 5 7 8 10]
cscRowIndA = [1 31 2 2 4 3 3 4]
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« Level1, 2, 3 — cusparse{S,D,(,Z}<uma GyHKLUM>
* BcnomoraTe/ibHble QYHKL UK

* MHuumManmnsauma ombamoTeku, yCTaHOBKA TUMOB U
napameTp MaTpuL, U Mnp.
* KOHBepTUpPOBaHME TUIMOB
* [IpeobpazoBaHue maTpuy, U3 O4HOro CKaToro popmara B

apyrov. Hanpumep, cusparse{S,D,(,Z}csc2dense
cusparse{S,D,C,Z}csr2csc



* [InCKpeTHoe npeobpasoBaHune Pypbe

* KOMM/1IeKCHbIEe 1 BeLLleCTBEHHbIe YMc/1a
* OgHOMeEpHOoe, ABYMEpPHOe, TpeXMepHoe



Tunbl AQHHbIX

‘\

« cufftHandle - geckpunTop\naan

* typedef unsigned int cufftHandle;

# cufftResult
* typedef enum cufftResult t cufftResult;

« cufftReal

« cufftDoubleReal

« cufftComplex

# cufftDoubleComplex



‘\

* Tunbl npeobpa3oBaHuA

*

* % X ¥

*

CUFFT_R2C
CUFFT_C2R
CUFFT_CaC
CUFFT_Z2D
CUFFT D2z
CUFFT 727

* HanpaBsaeHue npeobpa3oBaHmA
* CUFFT_FORWARD
* CUFFT_INVERSE



‘\

« Co3aaHue nNaaHa BbIMUC/1€HUM

—-  cufftPlan1d, cufftPlan2d, cufftPlan3d
o OcBODOXAEHME N/1aHA

~  cufftDestroy
o BbIno/sHeHUue

- cufftExecCaC, cufftExecR2C, cufftExecCaR,
cufftExeczZ2D, cufftExecD2Z, cufftExecZ2Z



#define NX 256

I’
#define NY 128

cufftHandle plan;
cufftComplex *idata, *odata;

cudaMalloc ( (void**) &idata, sizeof (cufftComplex) *NX*NY) ;
cudaMalloc ( (void**) &odata, sizeof (cufftComplex) *NX*NY) ;

/* Create a 2D FFT plan * /
cufftPlan2d(&plan, NX, NY, CUFFT C2C);

/* Transform the signal out of place */
cufftExecC2C(plan, idata, odata, CUFFT FORWARD) ;

/* Inverse transform the signal in place */
cufftExecC2C(plan, odata, odata, CUFFT INVERSE) ;

/* Destroy the CUFFT plan */
cufftDestroy (plan) ;

cudaFree (idata); cudaFree (odata);



CHbopKa nporpamm

S R

* MICXOAHbIM KOA

* #include <cufft.h>
* Makefile

* USECUFFT :=1
* BubamoTekmn

* libcufft.a




\

bubanoTeka anA reHepaumm NCeBA0C/YHaUHbIX U
KBa3UCAYy4YanHbIX YMCe.

PaboTaeT Kak Ha ctopoHe GPU Tak M Ha CTOpOHe
LLeHTPa/IbHOro npoLeccopa

[Py 0AHMX U TeX e Ha4va/lbHbIX YCA0BUAX (TUM
reHepaTpa, seed 1 np.) N0C/1e40BaTE/IbHOCTU YUCEN
6yayT oguHakosble. Kak Ha GPU Tak 1 Ha CPU.




[locnegoBaTeIbHOCTL PabOTHI

‘\

1. Co3pgaTb reHeparop

curandCreateGenerator(), curandCreateGeneratorHost()
2. YCTaHOBWUTb NapameTpbl

3. BblgenunTb NnamATb NOA pe3y/bTat
cudaMalloc(), cudaMallocHost()

CreHepupoBaTb NOC/1€40BaTE/IbHOCTb
Mcnonb3oBaTthb pe3y/ibTaT
[pr HEOBXOAMMOCTU BEPHYTBLCA K MYHKTY 4

OcB0OOAUTL MAMATb

& N oV B

YaannTb reHepatop
curandDestroyGenerator()



[lapameTpbl

* Tun

« CURAND RNG PSEUDO DEFAULT
+ CURAND RNG PSEUDO XORWOW
« CURAND_RNG_QUASI DEFAULT
+ CURAND RNG QUASI SOBOL32
* U np.
* Onyum
# Seed (MHMUMAM3ALMA, HAYA/IbHOE 3HAYEHMeE)
«  Offset (cmeleHre OT Havazla UCXOAHOM NOC/1e40BATE/IbHOCTH)
# Ordering (pacnosoxeHue yucen B NamaATH)
* CURAND_ORDERING PSEUDO DEFAULT
+ CURAND_ORDERING_PSEUDO_BEST
* CURAND_ORDERING QUASI_DEFAULT



PYHKUUU reHepaumnm

\

curandGenerate — 32-bit unsigned int

curandGenerateUniform — paBHOMepHOe pacnpegeneHue
float (0.0, 1.0]

curandGenerateNormal — HOpmanbHOe pacnpeaeneHume ¢
33a4aHHbIMU CPeAHUM 3HA4YEHUEM U CTAHAAPTHBIM OTK/IOHEHUEM
float

curandGenerateUniformDouble - paBHOMepHOe pacnpeaeneHme
double (0.0, 1.0]

curandGenerateNormalDouble— HopmasibHOe pacnpegeneHume ¢
33a4aHHbIMW CPEeAHUM 3HAYEHMEM U CTAHAAPTHBIM OTK/IOHEHUEM

double



int main (int argc, chM
size t n = 100; ——

curandGenerator t gen;

float *devData, *hostData;

hostData = (float *)calloc(n, sizeof(float));

cudaMalloc ((void **) &devData, n * sizeof(float))

/* Create pseudo-random number generator */
curandCreateGenerator (&gen,CURAND RNG PSEUDO DEFAULT) ;
curandSetPseudoRandomGeneratorSeed (gen, 1234ULL); /* Set seed */

curandGenerateUniform(gen, devData, n);
cudaMemcpy (hostData, devData, n * sizeof (float),
cudaMemcpyDeviceToHost)) ;

for(int i = 0; i < n; i++) { printf("$1.4f ", hostData[i]); }
printf ("\n");

curandDestroyGenerator (gen); /* Cleanup */

cudaFree (devData) ;

free (hostData) ;

return EXIT SUCCESS;



*

* X X %X K X X

Device API

\

__device void curand init(...)
* TpebyeT MHOro pecypcoB. PekomeHayeTcAa NnpoBOAUTb
MHULMAN3ALMUIO OTAE/IbHBIM AAPOM

__device unsigned int curand(curandState *state)
__device float curand uniform(curandState *state)
__device float curand normal (curandState *state)
__device  double curand uniform_double(...)
__device_ double curand normal_double(...)
__device_ float2 curand normal2(...)

__device_ double2 curand normal2_double(...)



}

__global  void generate(curandState *state, int *result) ({
int id = threadlIdx.x + blockDim.x * blockIdx.x;

__global  void setup kernel (curandState *state! "

int id = threadIdx.x + blockIdx.x * 64;

/* Each thread gets same seed, a different
sequence number, no offset */

curand init (1234, id, 0, &state[id]);

int count = 0;
unsigned int x;

/* Copy state to local memory for efficiency */

curandState localState = state[id];
/* Generate pseudo-random unsigned ints */
for(int n = 0; n < 100000; n++) {

X = curand(&localState) ;

}
/* Copy state back to global memory */

state[id] = localState;



CHbopKa nporpamm

‘\

* MICXOAHbIM KOA

* #include <curand.h> // host API

* #include <curand_kernel.h> [/ device API
* Makefile

* USECURAND :=1
* bubanorekun

* libcurand.a



‘\

# AHasor IPP (Intel Performance primitives)

* ApndmeTndeckme, ormieckme, npeobpasoBaHuA,
bUAbTpaLmu, CTaTUCTUYECKME U TP.

# ~420 QYHKUMI 06paboTKM M30O6paxkeHuit (+70 B 4.0)
* ~500 QYHKLUIM 06paboTKM cUrHa/noB (+400 B 4.0)



CUDA Video Decode

‘\

+ [lekogupoBaHue BnaeonoTtokos Ha GPU B BMgeomnamATb
* [locT-06paboTKa HecxkaToro Bugeo Ha CUDA
* DopmarTbl
* MPEG-2, VC-1, H.264 (AVCHD)
* CocTaB bmMbmoTeKku
* cuviddec.h
nvcuvid.h
nvcuvid.lib
nvcuvid.dll (Windows)
libnvcuvid.so (Linux)

* X X X



_‘

cuvidCreateDecoder(CUvideodecoder *phDecoder,
CUVIDDECODECREATEINFO *pdci);

cuvidDestroyDecoder(CUvideodecoder hDecoder);

cuvidDecodePicture(CUvideodecoder hDecoder,
CUVIDPICPARAMS *pPicParams);

cuvidMapVideoFrame(CUvideodecoder hDecoder, int
nPicldx, CUdeviceptr * pDevPtr, unsigned int * pPitch,
CUVIDPROCPARAMS *pVPP);

cuvidUnmapVideoFrame(CUvideodecoder hDecoder,
CUdeviceptr DevPtr);



\

* bnbamorteka wabaoHos C++ ana CUDA

* AHa/l0ru
* C++ STL
*# Intel TBB (Thread building blocks)
* [NoaBunacb B CUDA 4.0
* [No3BO/1IAET ObICTPO CO34aBaTb NPU/IOKEHUA U
MPOTOTHUIIbI.
* [lOKymMeHTauuA
* http://wiki.thrust.googlecode.com/hg/html/index.html




Thrust. lMpumep

include <thrust/devicevw‘\

include <thrust/transform.h>
include <thrust/sequence.h>
include <thrust/copy.h>
include <thrust/fill.h>
include <thrust/replace.h>
include <thrust/functional.h>
include <iostream>

H H H H H = H H

int main ( void ) {
thrust::device vector <int>X(10); // allocate three device vectors with 10 elements
thrust::device vector <int>Y (10); thrust::device vector <int>Z(10);
thrust::sequence (X.begin(), X.end()); // initialize X to 0,1,2,3,
// compute Y = -X
thrust::transform(X.begin(), X.end(), Y.begin(), thrust::negate<int>());
thrust::fill (Z.begin(), Z.end(), 2); // fill 7z with twos
// compute Y = X mod 2
thrust::transform(X.begin(), X.end(), Z.begin(), Y.begin(), thrust::modulus<int>());
thrust::replace(Y.begin(), Y.end(), 1, 10); // replace all the ones in Y with tens
// print Y
thrust::copy(Y.begin(), Y.end(), std::ostream iterator<int>(std::cout, "\n"));
return 0;



