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OcHoBbl OpenCL

OpenCL - oTKpbITbIM Kpoccn1aTOPMEHHbIM CTaHAAPT
AN1A napannenbHblX BbIYUCAEHUM Ha FreTEPOre€HHbIX
yCTPOMCTBAX

M3Ha4vabHO pa3paboTtaH Apple, cenyac
noaaepxmsaetca Khronos Group,

[MepBasa Bepcua (1.0) - KoHel 2008 roaa

Noaaepxusaet GPU, CPU, Cell, DSP 1 MHOrue gpyrme
yCTPOUCTBA



OcHoBbl OpenCL

OcHoBaH Ha cneayowmx 0600l EHHbIX MOAENAX
 Platform model

* Memory model

« Execution model

* Programming model




OpenCL platform model

[ThaTdpopma COCTOMT M3
xocTa (CPU) 1 ogHoro
UJIM HECKONIbKUX
BbIYUC/IUTEIbHbIX
YCTPOMUCTB

Kaxjoe ycTponucTBO
COCTOMUT U3
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OpenCL platform model

NonydyeHue cnucKa AOCTYMNHbIX naaTdopm

cl_int clGetPlatformIDs (
cl_uint numEntries,
cl_platform_id * platforms,
cl_uint * numPlatforms );




[lonyvyeHUe cnMcKa A4OCTYMHbIX
naatpopm

cl_platform_id platform;
cl_device_id device;
cl_ uint err ;
err = clGetPlatformIDs ( 1, &platform , NULL ) ;
if (err != CL_SUCCESS )
{
printf (”Error obtaining OpenCL platform. \n” ) ;

return -1;

3
e r r = clGetDevicelDs ( platform , CL_DEVICE_TYPE_GPU, 1, &device , NULL ) ;

if (err 1= CL_SUCCESS )
{

printf (”Error obtaining OpenCL device. \n” ) ;

return -1;




[MonyvyeHune nHpopmaumm o
naartdopme

cl int clGetPlatformInfo ( cl platform id platform ,
cl platform info pname ,
size t valueBufSize,
void * valueBuf,
size t * valueSize );




[MonyyeHue yCcTpoUCTB U
MHpopMaLMU 00 YCTPOUCTBE

cl int clGetDevicelIDs (
cl platform id platform,
cl device type deviceType,
cl uint numEntries,

cl device id * devices,

cl uint * numDevices );

cl int clGetDeviceInfo (
cl device id device,
cl deviceInfo pname,
size t valueBufSize,
void * wvalueBuf,

size t * valueSize );




BbiuncantenbHaa Mmoaesb
OpenCL

» Stream processing models

* Aapa (HanucaHHbIe Ha cneunasibHOM
ocHoBaHHOM Ha C A3bIKe) 3anycKarTcA
Ha YCTpOMUCTBE

« AP0 3anycKaeTca ANAa Kaxaoro
anemeHTa N-MepHOM BbIYUCAUTEIBHOU
o6nactn (N=1,2,3) (ND-range) Kak work-
item

* Work-item’bl rpynnmpytotca B work-
group’bl



BbiuncantenbHaa Mmoaesb
OpenCL
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OpenCL memory model
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Tunbl naMaTn - global, constant, local,
private




Tunbl namaTu B OpenCL

_ global
__constant
__local
__private

- Kak B CUDA
- Kak B CUDA
- shared B CUDA
- Kak B CUDA



KoHTeKkcT OpenCL

KoHTeKcT OpenCL coaepxuT B cebe
« YcTpoMCTBa

* Aapa

* O6bEKTbI NpOrpamm

* Memory objects

« Command queue




KoHTeKkcT OpenCL

cl context clCreateContext (
const cl context properties * props,
cl uint numDevices,
const cl device id * devices,

void (CL CALLBACK * notify) ( const char * errInfo, const void *
privateInfo, size t cb, void * userData ),

void * userData,

cl int * errCode );




Command queue

KaxkabiM AeBanC J0/KEH UMETb CBOIO
oyepe/b.

B oyepegb nomeLLarTCcA 3anpocbl Ha
* Bbino/IHEHME AApa

* Onepaumm c NAMATbLIO

* KOMaHAbl CUHXPOHM3aLUUK

[ToMellaeMble KOMaHAbl BbINOJIHAKOTCA
ACUHXPOHHO. MoryT BbINOJIHATBLCA 1N-
order u out-of-order



Command queue

cl_command_queue clCreateCommandQueue (
cl_context_context,
cl_device_id device,
cl_command_queue_properties props,
cl_int * errCode );

Props
 CL_QUEUE_OUT_OF_ORDER_EXEC_MODE_ENABLE
 CL_QUEUE_PROFILING_ENABLED




Aopa

[InwyTcAa Ha ocHoBaHHOM Ha C99 Aa3bike U3
KOTOpPOro yopaHsl

* YKa3aTe/IM Ha (PYHKUUU

* bUTOBbIE NOJIA

« MaccuBbl NEPEMEHHOU AJINHDI
* PeKypcuA

« CTaHAapTHbIE 3aro/I0BKM

Aapo nomevaeTtca cneunPuUKaTopom
__kernel




Aopa

/lobaBieHbl HOBble TunMbl (N=2,3,4,8,16)

charN, ucharN (Ha xocTe cl_charN,
cl_ucharN)

shortN, ushortN (cl_shortN, cl_ushortN)
intN, uintN (cl_intN, cl_uintN)

longN, ulongN (cl_longN, cl_ulongN)
floatN (cl_floatN)




[ipMep paboTbl C TUNaAMM

floatd £ = (floatd) (1.0f, 2.0f, 3.0f, 4.0f);
float2 f1 = f.zx;

uint4d u = (uintd) (0);

float2 lo = f.lo; // f.xy

float2 ev = f.even; // f.xz

float ff f.s3; // f.z




[Mony4yeHne nHpopmaumm B

aape

get_num_groups(idx)
get_local_size(idx)
get_group_id(idx)
get_local_id(idx)

get_global_id(idx)

get_global_size(idx)

Pasmep ND-range B work-group’ax
Pa3smep work-group B work-item’ax
no6asbHbIM MHAEKC work-group’bl

Jloka/sibHbIM MHAEeKC work-item’a B
Tekyuien work-group’e

nob6anbHbIM MHAEKC work-item’a B
ND-range

Pasmep ND-range B work-item’ax



OyYyHKUMU CUHXPOHMU3ALMNM

void barrier ( cl mem fence flags flags );
void mem fence ( cl mem fence flags flags );
volid read mem fence ( cl mem fence flags flags );

volid write mem fence ( cl mem fence flags flags );



[TfpuMep agpa

kernel void test (  global float * a, int n )

{
int idx = get global id ( 0 );
1if ( 1dx < n )

a [idx] = sin ( idx * 3.1415926f / 1024.0f );




Co3pgaHne 1 KoMnNnaauma
NporpamMmbil

cl program clCreateProgramWithSource (
cl context context,
cl uint count,
const char ** strings,
const size t * lengths,

cl int * errCode );

cl int clBuildProgram (
cl program program,
cl uint numDevices,
const cl device id * devices,
const char * options,
void (*notify) (cl program, void *),

volid * userData );




Co3paHue aapa

cl kernel clCreateKernel (
cl program program,
const char * kernelName,

cl int * errCode );



bydepa

cl mem clCreateBuffer (
cl context context, c¢l mem flags flags,
size t size , void * hostPtr,
cl int * errCode );
cl int clEnqueueWriteBuffer (
cl command queue queue, cl mem buffer,
cl bool blockingWrite,
size t offset, size t numBytes,
const void * hostPtr,
cl uint numEvents, const cl event * waitList,

cl event * event );




3anycKa agpa

cl int clSetKernelArg ( cl kernel kernel,
cl int argIndex, size t argSize,

const void * argPtr );

cl int clEnqueueNDRangeKernel (
cl command queue queue,
cl kernel kernel,
cl uint workDim,
const size t * globalWorkOffset,
const size t * globalSize,
const size t * localSize,
cl uint numEvents, const cl event * waitList,

cl event * event );




PecypcCbl Hallero Kypca

» Steps3d.Narod.Ru
* Google Site CUDA.CS.MSU.SU
* Google Group CUDA.CS.MSU.SU

* Google Mail CS.MSU.SU
» Google SVYN

» Tesla.Parallel.Ru

* Twirpx.Com

» Nvidia.Ru
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