R

CUDA Driver API
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HoBocnbupckuin rocyaapcTBeHHbI YHUBEPCUTET



o I_lpI/IBFI3aHO N A4po0o K NCrnoJiHAeMOMY KO,EI,y?

« MoXHO N 3anyckaTb S4P0 HE NCMOJb3YS PacLUMPEHUS

a3blka Cn?

e MoxxHo nn nporpammmpoBaTtb Ha CUDA He Ha Cn/Cn++?



O ) ) )

OO0bekTbl B CUDA driver API

* Device — CUDA-coBMeCTMMOE YCTPOMUCTBO

* Context — «akBmBaneHT» npoueccy anss CPU

e Module — «3kBMBaneHT» AMHaAMUNYECKON bUONMNoTEKMU
* Function — agpo

 Heap memory — ykasaTtenb Ha NnamMdaTb YCTPOUCTBA

 CUDA Array — koHTenHep ana 1D nnu 2D maccmnBoB
Ha YCTPOWMCTBE, AOCTYMNHbIX YEPE3 TEKCTYPY

 Texture reference — oObeKT AndA onMcaHUA AaHHbIX
B TEKCTYpe
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[MopsapokK paboTbl

* IHnumanunsauyms gpavieepa
* Bbibop yctponctea (GPU)

* CospaHune KoHTeKCcTa
 PaboTa B paMKax KOHTEKCTa

- Agpa vnn B dopmate PTX nnm bnHapHom
dopmaTte

 YpaneHue KOHTEeKCcTa



)

NMHuunanunsauumsa gpanBepa

* CUresult culnit(unsigned int flag);
- Flag=20
« CUT _DEVICE_INIT_DRV(cuDevice, ARGC, ARGV)

« Be3 nHmunanusaummn Bce dbyHKUMM 6yayT Bo3BpaLlaTh
CUDA_ERROR_NOT_INITIALIZED
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YnpaBneHue yctpoucrsamu (1)

* CUresult cuDeviceGetCount(int *count)
* CUresult cuDeviceGet(CUdevice *device, int ordinal)

* CUresult cuDeviceComputeCapability(int *major, int
*minor, CUdevice dev)

* CUresult cuDeviceTotalMem(unsigned int *bytes,
CUdevice dev)

* CUresult cuDeviceGetAttribute(int *pi,
CUdevice_attribute attrib, CUdevice dev)
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ATpnbytbl yctpouctaa (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
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ATpnbyTtbl ycTpoucTaea (2)
« 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
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YnpaBrneHue yctpoucrsamu (2)

e CUresult cuDeviceGetProperties (CUdevprop *prop, CUdevice
dev)

- typedef struct CUdevprop st {
Int maxThreadsPerBlock;
iInt maxThreadsDim[3];
int maxGridSize[3];
int sharedMemPerBlock;
int totalConstantMemory;
int SIMDWidth;
iInt memPitch;
int regsPerBlock;

Int clockRate;
int textureAlign
} CUdevprop;



) o

KoHTekct CUDA

« KoHTekct CUDA — aHanor npouecca ana CPU

* B pamkax notoka MoXeT 6bITb TONMbKO OAWUH aKTUBHbIN
koHTekcT CUDA

* [1pu cospaHnun koHTekcTa (cuCtxCreate) cuetumnk
NCMNonb30BaHNS paBeH 1

« cuCtxAttach()* ysennunsaet cuyetumk, cuCtxDetatch()*
YMeHbLLaeT cHeTYMK Ha 1

* KOHTEeKCT paspyluaeTcs Korga cHeT4YMK NCNosfb30BaHUA
CTaHOBUTbLCS paBHbIM O NNn ABHO BbI3bIBAETCHA
cuCtxDestroy()

* AKTUBHBIN KOHTEKCT MOXET MeHATbCA. cuCtxPopCurrent(),
cuCtxPushCurrent()

* - B CUDA 4.0 ob6bsiBneHsl kak depricated
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Moaynu B CUDA (1)

* Moaynb — ANHaMUYecKn noarpykaemMbln OObEKT ¢ aapamMu

(kernel). AHanor DLL dainnos

« Mogynu cobupatotcs ¢ nomoupto nvec. MoryT

PACNPOCTPAHATCH HE3ABUCUMO.
- make -keep
- nvcce --keep

CUmodule cuModule;
cuModuleLoad(&cuModule, );
CUfunction cuFunc;
cuModuleGetFunction(&cuFunc, cuModule, "myKernel");



|

Moaynu B CUDA (2)

#define ERROR BUFFER SIZE 100
CUmodule cuModule;

CUJjit option options[3];

void* values|[3];

char* PTXCode = ©“ "

options[0] = CU ASM ERROR LOG BUFFER;

values[0] = (void*)malloc (ERROR BUFFER SIZE) ;
options[1] = CU ASM ERROR LOG BUFFER SIZE BYTES;
values[1l] = (Void*)ERROR_BUFFER_SIZE;

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

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

}
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YnpaBrieHne Mmoaynsamn

 cuModulelLoad() - 3arpy3ka moayna ns cubin dpavna

 cuModuleLoadData() - sarpyska mogynsa ns PTX
CTPOKM

 cuModuleLoadDataEx() - 3arpy3ka mogyns ns PTX
CTPOKWN C BO3BPATOM OLLMDOOK

* cuModuleLoadFatBinary() - 3arpyska mogynsa m3
«KUpHOoro» cubin gpanna

- Ctano goctynHo B CUDA 4.0

- nvcce -fatbin

* cuModuleUnload() - Bbirpy3ka moayns



N0 0

YnpaBneHune UcnorfiHeHnem

e 3agaHune KoHdurypaumm noToKoBoro droka
« 3agaHune KoOHdUrypaumm cetu

* [lepenayva napameTpoB PYyHKLNU

e 3afaHue pasMepoB pasgenseMon NnamsaTu

e 3anyck sgpa
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YnpaBneHne UcnofiHeHnem

 cuFuncSetBlockShape()
 cuFuncSetSharedSize()
 culLaunch()
 culLaunchGrid()

e culLaunchGridAsync()
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YnpaBneHne UcnofiHeHnem

CUDA 4.0

e culLaunchKernel (
function,
gDimX, gDimY, gDimZ,
bDimX, bDimY, bDimZ,
sharedMemBytes,
Stream,
kernelParams, extra

CUDA 3.2 n 6onee paHHune Bepcuu
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[lepeaavya napameTpoB

 cuParamSetf ()
 cuParamsSeti()
 cuParamSetSize ()
 cuParamSetTexRef()
 cuParamSetyv()
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[lepeaavya napameTpoB

uParamSetf (

) CUDA 4.0

ParamSetv
0 * [lepenaya 4Yepes nocnegHme 2

napameTtpa cuLaunchKernel (...
CUDA 3.2 1 6onee paHHue Bepcum kernelParams, extra

)

 kernelParams — maccus
ykazaTeneu Ha napameTpbl

* extra — napameTpbl, ynakoBaHHbIE
B OOWH MaccuB
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[lepepaya napameTpoB

std::vector< void* > kernelParams;
float *dev _in1; float * dev_in2; float *dev_out;

kernelParams.push_back
kernelParams.push_back
kernelParams.push_back
kernelParams.push_back

&dev _in1);
&dev in2);
&dev _out );
const_cast< int*>( &VEC_SIZE ) );

AN N N N

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

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

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



[lepepaya napameTpoB

#define ALIGN UP(offset, alignment) (offset) = ((offset)+(alignment) - 1) & ~((alignment) - 1)

char paramBuffer[1024];
size t paramBufferSize = 0;

#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

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

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

* CUresult cuMemAllocPitch (CUdeviceptr *dptr, unsigned int
+pPitch, unsigned int WidthinBytes, unsigned int Height,
unsigned int ElementSizeBytes)

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

e CUresult cuMemcpy™ - yHKLUNUN KOMMPOBAHUA MeXayY
maccusamm, namatoeio GPU n CPU
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YnpaBneHue TeKCTypamMmu

+ ecuTexRefCreate()

+ cufexRefDestroy()
 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

 cuTexRefSetFlags()

} HeT gokymeHTauum
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CUDA driver API vs. runtime API

e Runtime API| ocHoBaHoO Ha driver API

* Runtime API| paboTaeT B pamkax KOHTEKCTa, CO34aHHOro 4yepes
driver APIl. Ecnu koHTekcTa HeT, TO OH co3aaeTcs HeABHO nepen
nepBbiM BbI30BOM pyHKUMN 13 runtime API.

 Driver AP| npegoctaBnsieT 60onbLyto rmMbKOCTb

- [lony4yeHue gononHuTenbHOM MHdopMaLum o6 YCTPONCTBE,
Hanpumep, obbem ceBobogHon namaTn (cuMemGetinfo)

- Mp.

* Mcnonb3aysa driver API
- He NponcxoauT ABHaA MHTErpauud Koga agep B riporpaMmmy
— HEeT BO3MOXXHOCTU NMyCKaTb rnporpamMmy B pexxmme smyJidunn

— YCNOXHAETCA npouecc HarnnmcaHm4 riporpamMmmbl U OTJr1alk1



CUDA Driver API

PomaHeHko A.A.
arom@ccfit.nsu.ru

HoBocnbupckuin rocyqapCTBEHHbIN YHUBEPCUTET



* [MpwuBsi3aHO NK SAPO K UCNOMHAEMOMY KOay?

* MOXHO N1 3anyckaTb 94p0 HE UCMNOMb3Ysl pacLUMPEHNs
qa3bika Cun?

* MoxHo nu nporpammupoBatb Ha CUDA He Ha Cu/Cn++?



O o
O61BbekTbl B CUDA driver API

* Device — CUDA-coBmecTUMOE YyCTPOUCTBO

« Context — «akBuBaneHT» npoueccy ansa CPU

* Module — «akBMBaneHT» AnMHaMn4eckom bmbnmoTeku
* Function — sgpo

* Heap memory — ykasaTtesib Ha NnamsTb YCTPOMCTBA

* CUDA Array — koHTenHep gnsa 1D unn 2D maccmnBos
Ha YCTPOWCTBE, AOCTYMNHbIX Yepe3 TEKCTYPY

* Texture reference — 00ObEKT ANs onNuUcaHMA OaHHbIX
B TEKCTYype



NMopsaok paboTbl

* MHunumnanusauma gpansepa
* Bbi6op yctponictea (GPU)

» Co3gaHune KoHTekcTa

« PaboTa B paMKkax KOHTEKCTa

- Appa vnn B opmate PTX nnu 6uHapHom
dopmare

e YpaneHue KOHTeKcTa
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UHnunanunsauuna gpansepa

* CUresult culnit(unsigned int flag);
- Flag=0
« CUT_DEVICE_INIT_DRV(cuDevice, ARGC, ARGV)

« Bes nHmunanusaumm Bce yHKUUN OyayT Bo3BpallaTh
CUDA_ERROR_NOT_INITIALIZED
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YnpaBneHue yctponcreamu (1)

* CUresult cuDeviceGetCount(int *count)
* CUresult cuDeviceGet(CUdevice *device, int ordinal)

* CUresult cuDeviceComputeCapability(int *major, int
*minor, CUdevice dev)

e CUresult cuDeviceTotalMem(unsigned int *bytes,
CUdevice dev)

* CUresult cuDeviceGetAttribute(int *pi,
CUdevice_attribute attrib, CUdevice dev)
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ATpnobyTtbl yctpouctBa (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
e CU_DEVICE_ATTRIBUTE_TOTAL_CONSTANT_MEMORY
- CU_DEVICE_ATTRIBUTE_WARP_SIZE
- CU_DEVICE_ATTRIBUTE_MAX_PITCH



o ) g g

ATpnbyTthbl ycTpoucTBa (2)
« 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
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YnpaBneHue yctponctesamu (2)

* 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;
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KoHtekct CUDA

* KoHnTekct CUDA — aHnanor npouecca gns CPU

* B pamkax notoka MoxeT ObiTb TONbKO OAMH aKTUBHbIN
koHTekcT CUDA

* [lpun cosgaHum koHTekcTa (cuCtxCreate) cueTumk
MCNONb30BaHNs paBeH 1

» cuCtxAttach()* ysenuumsaet cuetumk, cuCtxDetatch()*
yMeHbLIaeT cHeTUYUK Ha 1

* KoHTeKCT paspyLuaeTcs Korga cH4eTyMK UCMNOonb30BaHMWs
CTaHOBUTbCS paBHbIM O MK ABHO BbI3bIBAETCA
cuCtxDestroy()

* AKTUBHbIA KOHTEKCT MOXeT MeHATbes. cuCtxPopCurrent(),
cuCtxPushCurrent()

* - B CUDA 4.0 o6bsiBneHbl kak depricated



Moaynu B CUDA (1)

* Mogynb — gMHaMmnyecku noarpy>kaemMblil 06BLEKT C sapamu
(kernel). Ananor DLL c¢annos

« Mogaynu cobupatoTcsi ¢ nomoLpto nvee. MoryT
PacnpoCTPaHATCS He3aBUCHUMO.

- make -keep
- nvcc --keep

« CUmodule cuModule;
cuModuleLoad(&cuModule, );
CUfunction cuFunc;
cuModuleGetFunction(&cuFunc, cuModule, "myKernel");
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Moaynu B CUDA (2)

#define ERROR BUFFER SIZE 100
CUmodule cuModule;

CUjit option options[3];
void* values|[3];

char* PTXCode = “some PTX code”;

options[0] = CU _ASM ERROR LOG BUFFER;

values[0] = (Void*)malloc(ERROR_BUFFER_SIZE);
options[1l] = CU ASM ERROR LOG BUFFER SIZE BYTES;
values[1l] = (Void*)ERROR_BUFFER_SIZE;

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

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

* cuModuleLoad() - 3arpyska moayns us cubin danna

* cuModuleLoadData() - 3arpyska moayna ns PTX
CTPOKU

* cuModuleLoadDataEx() - 3arpyska mogynsa ns PTX
CTPOKU C BO3BPATOM OLLMOOK

¢ cuModuleLoadFatBinary() - 3arpy3ka moayns u3s
«KupHoro» cubin channa

- Crano goctynHo B CUDA 4.0
- nvcc -fatbin

* cuModuleUnload() - Bbirpy3ka moayns



YnpaBrieHue ncnosiHeHnem

« 3ajgaHue KoHUrypauumn noTokoBoro 6rnoka
« 3agaHue KoHUrypauumn cetu

» [lepepayva napameTpoB yHKL MM

» 3apaHne pasmepoB pas3nensieMon namsitTu

« 3anyck sagpa
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YnpaBrieHue ncnosiHeHnem

* cuFuncSetBlockShape()
* cuFuncSetSharedSize()
* cuLaunch()

* cuLaunchGrid()

* culLaunchGridAsync()



YnpaBrieHue ncnosiHeHnem

CUDA 4.0

* cuLaunchKernel (
function,
gDimX, gDimY, gDimZ,
bDimX, bDimY, bDimZ,
sharedMemBytes,
Stream,
kernelParams, extra

CUDA 3.2 n bonee paHHue Bepcumn
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Nepenaya napameTpoB

* cuParamSetf ()

* cuParamSeti()

* cuParamSetSize ()
* cuParamSetTexRef()
* cuParamSetv()



Nepenaya napameTpoB

CUDA 4.0

ParamSetv()

* [lepenayva yepes nocnegHue 2
napameTtpa cuLaunchKernel (...
CUDA 3.2 1 Gonee paHH1e Bepcum kernelParams, extra

)

* kernelParams — maccuB
yKasatenen Ha napameTpbl

 extra — napameTpbl, ynakoBaHHble
B OOANH MaccuB
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Nepenaya napameTpoB

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

kernelParams.push_back
kernelParams.push_back
kernelParams.push_back
kernelParams.push_back

&dev_in1);
&dev_in2);
&dev_out );
const_cast< int*>( &/EC_SIZE ) );

PAP AR AR AR

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

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

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



Nepenaya napameTpoB

#define ALIGN_UP(offset, alignment) (offset) = ((offset)+(alignment) - 1) & ~((alignment) - 1)

char paramBuffer[1024];
size_t paramBufferSize = 0;

#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

3
status = cuLaunchKernel(f, gx, gy, gz, bx, by, bz, sh, s, NULL, config);
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YnpaBneHune namMATbIO

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

* CUresult cuMemAllocPitch (CUdeviceptr *dptr, unsigned int
*pPitch, unsigned int WidthinBytes, unsigned int Height,
unsigned int ElementSizeBytes)

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

* CUresult cuMemcpy™ - (pyHKLMM KONUPOBaHUA MeXAY
maccmBamu, namsteto GPU n CPU
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YnpaBrneHue TeKcTypamu

» euTexRefCreate()

» euTexRefDestroy()

* 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

» cuTexRefSetFlags()

} HeT pokymeHTaumu
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CUDA driver API vs. runtime API

* Runtime API ocHoBaHo Ha driver API

* Runtime API paboTaeT B paMkax KOHTEKCTa, CO30aHHOro Yyepes
driver API. Ecnn KOHTEKCTa HeT, TO OH CO3aeTcsl HEABHO nepea
nepBbIM BbI3OBOM QYHKLMKM 13 runtime API.

 Driver APl npegocTtaBnsieT 60onbLuyto rmbKoCcTb

- [Nony4yeHne OONONHUTENBHON MHAOPMaLIMK 00 YCTPONCTBE,
Hanpumep, o6bem cesobogHon namaTh (cuMemGetinfo)

- np.
* Wcnonb3ys driver API
- He nponcxoauT ABHada UHTerpauma koga daep B nporpamMmmy
- HEeT BO3MOXHOCTU NyCKaTb nNporpamMmmy B pexmnme amyndaunm

— YCIOXHAETCA npouecc HanncaHna nporpamMmbl U O0TNagku
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