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* [pUBA3aHO /1M AAPO K UCTIO/IHAEMOMY Koay?

* MOXHO /I 3anyCKaTb A4PO He UCMO0/1b3YyA pacllnpeHusd
A3blka Cn?

* MOXHO m nporpammmnpoBaTb HA CUDA He Ha Cn/Cn++?



* * X X *x  *

O61beKTbl B CUDA driver API
_’

Device — CUDA-coBmMeCTUMOE yCTPOUCTBO

Context — «3kBUMBasieHT» npoueccy ana CPU

Module — «3KBMBaNeHT» AMHaMU4YeCcKon 6MBAMOTEKM
Function — aapo

Heap memory — yKasaTe/ib Ha NaMATb YCTPOUCTBA

CUDA Array — KoHTeWnHep 414 1D namn 2D MacCcMBOB Ha
YCTPOUCTBE, AOCTYMHbIX Yepes TeKCTYpyY

Texture reference — 06beKT A4/17 ONMCAHMA AQHHbIX B
TEeKCType




[TopAagoK paboThl
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* MHMUManusayma gpamseepa
* Bblbop ycTpoicTtea (GPU)

* CO34aHMEe KOHTEKCTa

* PaboTa B paMKaxX KOHTEKCTa

* Aapa wam B popmate PTX nam buHapHom dopmaTe
* YAaneHne KOHTeKCTa



MHuumainsauma gpaveepa
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# CUresult culnit(unsigned int flag);
* Flag =0
« CUT_DEVICE_INIT DRV(cuDevice, ARGC, ARGV)

* bes nHuuKnanmsaumm sce GpyHKLUM 6yayT BO3BpaLLAThb
CUDA ERROR_NOT INITIALIZED



YnpaB/aeHue yctpomncteamm (1)

* CUresu
* CUresu
* CUresu

*minor,

\

t cuDeviceGetCount(int xcount)
t cuDeviceGet(CUdevice xdevice, int ordinal)

t cuDeviceComputeCapability(int xmajor, int
CUdevice dev)

CUresult cuDeviceTotalMem(unsigned int xbytes,

CUdevice dev)

CUresult cuDeviceGetAttribute(int *pi,

CUdevice_attribute attrib, CUdevice dev)
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ATpubyTbl ycTpoiicTBa (1)
-‘

CU_DEVICE_ATTRIBUTE_MAX_ THREADS_PER_BLOCK
CU_DEVICE_ATTRIBUTE_MAX BLOCK_DIM_X
CU_DEVICE_ATTRIBUTE_MAX_ BLOCK_DIM_Y
CU_DEVICE_ATTRIBUTE_MAX BLOCK DIM Z
CU_DEVICE_ATTRIBUTE_MAX_GRID_DIM_X
CU_DEVICE_ATTRIBUTE_MAX_GRID DIM_Y
CU_DEVICE_ATTRIBUTE_MAX_GRID DIM Z
CU_DEVICE_ATTRIBUTE_MAX_SHARED MEMORY_PER_BLOCK
CU_DEVICE_ATTRIBUTE_TOTAL_CONSTANT MEMORY
CU_DEVICE_ATTRIBUTE_WARP SIZE
CU_DEVICE_ATTRIBUTE_ MAX_PITCH




ATpmbyTbl yCTpOMCcTBa (2)
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CU_DEVICE_ATTRIBUTE_MAX_REGISTERS PER_BLOCK
CU_DEVICE_ATTRIBUTE_CLOCK_RATE
CU_DEVICE_ATTRIBUTE_TEXTURE_ALIGNMENT
CU_DEVICE_ATTRIBUTE_GPU_OVERLAP
CU_DEVICE_ATTRIBUTE_MULTIPROCESSOR COUNT
CU_DEVICE_ATTRIBUTE_KERNEL_EXEC_TIMEOUT
CU_DEVICE_ATTRIBUTE_INTEGRATED
CU_DEVICE_ATTRIBUTE_CAN_MAP_HOST MEMORY
CU_DEVICE_ATTRIBUTE_COMPUTE_MODE

+ CU_COMPUTEMODE_DEFAULT

« CU_COMPUTEMODE_EXCLUSIVE

+ CU_COMPUTEMODE_PROHIBITED

* mp.

* ¥ X X X X X X X



YrnpaB/ieHue ycTpomcTteamu (2)
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# CUresult cuDeviceGetProperties (CUdevprop *prop, CUdevice dev)

typedef struct CUdevprop st {
int maxThreadsPerBlock;
int maxThreadsDim[3];
int maxGridSize[3];
int sharedMemPerBlock;
int totalConstantMemory;
int SIMDWidth;
int memPitch;
int regsPerBlock;
int clockRate;
int textureAlign

} CUdevprop;



RoHTeKkcTt CUDA
.’

* RoHTekct CUDA — aHasor npouecca gna CPU

* B pamMKax NOTOKa MOXET ObITb TO/IbKO OAUH aKTUBHbIA KOHTEKCT
CUDA

# pun co3ganmm KoHTekcTa (cuCtxCreate) cHeTYMK UCNO/1b30BAHUSA
paBeH 1

+ cuCtxAttach()* yBesmumBaet cyeTumk, cuCtxDetatch()*
YyMeHbLUAeT CHeTYMK Ha 1

# KOHTEKCT paspyLuaeTca Korga c4eT4uK UCno/ib30BaHuA
CTAHOBUTbLCA PaBHbIM O U/ ABHO Bbi3biBaeTcsA cuCtxDestroy()

* AKTUBHbIA KOHTEKCT MOXKET MEHATbCA.
cuCtxPopCurrent(), cuCtxPushCurrent()

* - B CUDA 4.0 obbsaBneHbl Kak depricated



Mogaysn B CUDA (1)
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* Mogy/b — AMHAMUYECKM NoArpyKaemblii 06BEKT C Agpamu
(kernel). AHanor DLL ¢ait/zioB

* Mogyam cobmnpatoTcA C MOMOLLLbIO NVCC.
MoryT pacnpocTpaHATcA He3aBUCUMO.
* make -keep
* nvce -—-keep
* CUmodule cuModule;
cuModuleLoad(&cuModule, "module.cubin");
CUfunction cuFunc;
cuModuleGetFunction(&cuFunc, cuModule, "myKernel");



Mogaysn B CUDA (2)
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* #define ERROR BUFFER SIZE 100
CUmodule cuModule;
CUJjit option options[3];
void~* values[3];
char* PTXCode = “some PTX code”;

options[0] = CU ASM ERROR LOG BUFFER;

values[0] = (v01d*)malloc(ERROR BUFFER SIZE) ;
options[1l] = CU ASM ERROR LOG BUFFER SIZE _BYTES;
values|[1l] = (VOld*)ERROR BUFFER SIZE;

options[2] = CU _ASM TARGET FROM CUCONTEXT;
values[2] = 0;

cuModuleloadDataEx (&cuModule, PTXCode, 3,
options, wvalues);
for (int 1 = 0; 1 < wvalues|[1l]; ++1) {
// Parse error string here

}



YnpaB/ieHue moayaamu

cuModuleLoad() - 3arpy3ka moayAas us cubin ¢aiiaa
o cuModuleLoadData() - 3arpyska mogyna ns PTX
CTPOKM

o cuModuleLoadDataEx() - 3arpyska moayasa us PTX
CTPOKM C BO3BPAaTOM OLLUMOOK

« cuModuleLoadFatBinary() - 3arpy3ka mogynsa us
«XKUpHoro» cubin panna

- Crano goctynHo B CUDA 4.0
—  nvcc -fatbin
« cuModuleUnload() - Bbirpyska mogy s
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YnpaB/ieHue UCNo/IHEHUEM
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3ag4aHue KOHPUrypauum noTOKOBOro 6/10Ka

3agaHne KOHPUrypauum cetm
[lepesgada napameTpoB QYyHKLUM
3agaHuWe pa3mMmepoB pasgenaeMoun NamaTu

3anycK A4pa



YnpaB/ieHue UCNo/IHEHUEM
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cuFuncSetBlockShape()
cuFuncSetSharedSize()

cuLaunc
cuLaunc
cuLaunc

()
NGrid()

NGridAsync()



YnpaB/ieHne MCcno/IHeHUeEM

CUDA4.0

cuLaunchKernel (
function,
gDimX, gbimY, gDimZ,
bDimX, bDimY, bDimZ,
sharedMemBytes,
CUDA 3.2 v 6onee paHHue Bepcun Stream,

kernelParams, extra




[lepegaya napameTpoB
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cuParamSetf ()
cuParamSeti()
cuParamSetSize ()
cuParamSetTexRef()
cuParamSetv()

* * * * *



[lepegavya napameTpoB

CUDA 3.2 un 6ornee paHHue Bepcun

CUDA 4.0

[lepesaya yepes nociegHue 2
napameTpa cuLaunchKernel (...
kernelParams, extra

)

kernelParams — maccuB ykasaTtenewu
Ha napamMeTpbl

extra — mapameTpbl, ynakOBaHHbIE B
OAWH MacCccuB



[lepegavya napameTpoB
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std::vector< void* > kernelParams;
float *dev_in1; float * dev_in2; float *dev_out;

kernelParams.push back( &dev _in1);
kernelParams.push back( &dev_in2); kernelParams.push back( &dev out);
kernelParams.push back( const_cast< int*>( &VEC SIZE));

const size_t sharedMemSize = 0;
const CUstream stream = 0;

// equivalent to
/] vecSum<<<GS, BS, 0, 0>>>( dev _in1, dev _in2, dev_out, VEC SIZE);

status = cuLaunchKernel(function,
GS.x, GS.y, GS.z, BS.x, BS.y, BS.z,

sharedMemSize, stream, &kernelParams[ 0 ], 0 );



[lepegaya napameTpoB

#define ALIGN UP(offset, alignment) (offset) = ((offset)+(alig \ g

char paramBuffer[1024];
size_t paramBufferSize = o;

#define ADD_TO PARAM BUFFER(value, alignment) {\
paramBufferSize = ALIGN _UP(paramBufferSize, alignment); \
memcpy(paramBuffer + paramBufferSize, &(value), sizeof(value)); \
paramBufferSize += sizeof(value); }

CUdeviceptr dev _in1, dev_in2, dev_out;

ADD TO PARAM BUFFER(dev in1, _alignof(dev in1));

ADD TO PARAM BUFFER(dev in2, alignof(dev in2));

ADD TO PARAM BUFFER(dev out, alignof(dev_out));

ADD TO PARAM BUFFER(VEC_SIZE, alignof(VEC_SIZE));

void *config[] = {
CU_LAUNCH_PARAM BUFFER_POINTER, paramBuffer,
CU_LAUNCH PARAM BUFFER SIZE, &paramBufferSize,
CU_LAUNCH_PARAM END

7

status = cuLaunchKernel(f, gx, gy, gz, bx, by, bz, sh, s, NULL, config);



YnpaB/aeHue NamMmATbio
——

CUresult cuMemAlloc (CUdeviceptr *dptr, unsigned int size)
CUresult cuMemAllocHost (void **pp, unsigned int bytesize)

CUresult cuMemAllocPitch (CUdeviceptr xdptr, unsigned int
*pPitch, unsigned int WidthInBytes, unsigned int Height,
unsigned int ElementSizeBytes)

CUresult cuMemFree (CUdeviceptr dptr)
CUresult cuMemFreeHost (void p)

CUresult cuMemcpy® - pyHKLMM KONUPOBAHMA MEXAY
MaccnuBamu, namaAaTero GPU n CPU



YnpaB/ieHne TeEKCTYpamu
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cuTexRefCreate()
cuTexRefDestroy()
cuModuleGetTexRef()
cuTexRefSetAddress()
cuTexRefSetArray()
cuTexRefSetFilterMode()

cuTexRefSetAddressMode()

+ CU_TR_ADDRESS_MODE_WRAP,

+ CU_TR_ADDRESS_MODE_CLAMP,

+ CU_TR_ADDRESS_MODE_MIRROR,

+ CU_TR_ADDRESS_MODE_BORDER } HeT pokymeHTaLy

# cuTexRefSetFlags()

* X X X X X ¥



CUDA driver API vs. runtime API
.‘

Runtime APl ocHoBaHO Ha driver API

Runtime APl paboTaeT B paMKax KOHTEKCTa, CO34aHHOr0
yepes driver API. EC/IM KOHTEKCTa HeT, TO OH CO34aeTCA
HeABHO rnepey nepsbiM BbI3OBOM QYHKLUM 13 runtime API.
Driver APl npegocTtaB/sisaeT 60/1bLlyr0 rmMOKOCTb

* [lonyvyeHmne 4ONOAHUTE/IbHOW MHPOpMaLmMu 06 yCTPpONCTBE,
Harnpumep, o6bem cBo6oaHoM namAaTh (cuMemGetinfo)

* np.

Ncnosb3ya driver API

* He MPOUCXOAMT ABHAA MHTerpauusa Koga Agep B nporpammy
* HEeT BO3MOXXHOCTU NyCKaTb NpOrpamMmmy B pexXmnme amy/1aumnm
* YC/IOXKHAETCA npouecc HannmcaHnA nporpammbl U OTN1agKHU




