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i CoaepxaHue

= BBegeHue

= Mopenb OpenCL
« [1natdopma OpenCL
= Moagenb namMaTtu
= Mopenb BblUMCIEHUN
= Bo3moxkHocTn OpenCL
= /ICNONb30BaHME SIOKASIbHOM MaMATH
= Vcnonb3oBaHue n3obpakeHnm
= CpeacrtBa g3blka

= PacwmpeHnsa OpenCL
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‘L Pazsutune GPGPU

MNepBble
nccneaoBaHus B

BrookGPU — 43blk

nporpamMmMmMpoBaHns Penus ATI
GPGPU, ocHOBaHHbIM Close to Metal —
Ha rpaduyecknx HWU3KOYpPOBHEBOIO [OTOBUTCS K BbIXo4y

obnactn GPGPU bununotekax cpeactea gns GPGPU NVIDIA CUDA 2.2
2003 OkTs6pb 2006 2008
2002 2004 Hos6pb 2006 Anpenb 2009

Co3paHune bubnuotek

ans GPGPU, oCcHOBaHHbIX
Ha OpenGL un DirectX

Penn3 NVIDIA CUDA 1.0 MNosiBneHwne nnatgopMbl

ATI Steam
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‘L Open Computing Language

= OpenCL npepnoxxeH koMnaHuen Apple

= CoTpyaHuyectBo c apyrumm koMmnaHmsamm (AMD, Intel,
NVIDIA)

= Cranpaptusauunen 3aHuMaetcsa rpynna Khronos

= B pnekabpe 2008 roaa sbinyweH ctaHaapt OpenCL 1.0
= http://www.khronos.org/
= http://www.khronos.orag/reqistry/cl/

= Ha AaHHbIN MOMEHT peanu3aumn HeT

KHRCONOS

GROUP

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video
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i Oco6eHHocTn OpenCL

= l/cnonb3oBaHMe BCEX BbIYMCIUTENBHbBIX PECYPCOB
CUCTEMbI

= GPU, CPU n gpyrue npoueccopbl
= [lapannenusM Ha ypoBHe [aHHbIX U Ha YPOBHe 3a4au
= JddeKTUBHAA MoAENb NMapannenbHbiX BblYMCIEHUN
= AbcTparnposaHue ot 06opynoBaHus
= OcHOBaH Ha g3blke C
= CneunduumpyeTt TOYHOCTb BbIYUCIIEHUN
= Pexxumbl okpyrnenua IEEE 754
= OnpeneneHa TOYHOCTb BCTPOEHHBLIX (PYHKLNK

= BO3MOXHOCTb A06aBNEHNS pacLLMPEHN
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i CoaepxaHue

x BBegeHue

= Mogenb OpenCL
« [Mnatdpopma OpenCL
= Mogenb namMaTu
= Moaenb BblYNC/IEHUN

= Bo3moxxHocTn OpenCL
= PacwunperHunsa OpenCL
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GRAPHICS & MEDIA LAB
VIDEO GROUP

i [IpOorpaMMHbIN CTEK

= Platform
= OnpeaenexHne ycTpoucTB B CUCTEME
= VMHMumnanunsauus ycTtpoucTs
= Co3paHMe KOHTEKCTa 1 o4vepeaen 3aaad
= Runtime
= YNpaBneHue pecypcamu
= VIcnonHEeHWe BbIYNCIUTENbHbIX S4ep
= Compiler
= [logMHOXecTBO A3blka C ¢ paclumMpeHusMu
= KoMnunaums BolUMCIUTENBHBIX SAep
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i MNnatcdhopma OpenCL

IIIIII|—_|

Processing EIementj o o O] :|
\Y i
Host
Compute Unit N :l :| <
Compute Device — ] <
<
<
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i Mpumep: NVIDIA GT200 =

Bridge | Host Memory

| Streaming Multiprocessor I

Instruction Fetch |

Lec J|[_zec J|L_apc {|[_tec J|l_zpc J|[_1pc {|l_1PC J(_1PC J|[_TPC_{|_1PC |
Shared Memory
SP SP
| | | | [ | | | I BN | orgy | [BSEM | opys
-—| Interconnection Network |-- Sp SP
[ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 Sp SP

Bl el z] Flce) (el o] eila) (elce] (Bl c) (o]

Register File

| DRAM | | DRAM | | DRAM | | DRAM | | DRAM | | DRAM | | DRAM | | DRAM | _

= 1 compute device
= 30 compute units
= 240 processing elements
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‘L Mozesnb BblUNCIEHWI

for (int x = 0; x < gx;

(s

A

Iy

Y

for (inty = 0; y < gy; ++Y)

runkernel (x, y);

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/

Work Work Work Work
Item Item Item Item
Work Work Work Work
Item Item Item Item
Work Work Work Work
Item Item Item Item
Work Work Work Work
Item Item Item Item
< Sy >

GRAPHICS & MEDIA LAB
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GRAPHICS & MEDIA LAB

‘L [pocTenimn npumMep

= Kopg Ha C:
int nIndex;
for (nIndex = 0; nIndex < gx; ++nIndex)
{
c[nIndex] = a[nIndex] + b[nIndex];

}
= Aapo OpenCL:

__kernel void

vectorAdd(__global const float * a,
__global const float * b,
__global float * )

int nIndex = get_global_1d(0);
c[nIndex] = a[nIndex] + b[nIndex];

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 11
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GRAPHICS & MEDIA LAB

‘L BbiNOMHEHNE a4pa

cl_int clEnqueueNDRangeKernel (

cl_command_queue command_queue, // Ouyepenb KOMaHA,

cl_kernel kernel, // Aapo

cl_uint work_dim, // Pa3MepHOCTb MPOCTpPaAHCTBA

const size_t *global_work_offset,

const size_t *global_work_size, // Pa3mep MHAEKCHOro MPOCTPAHCTBA
const size_t *local_work_size, // Pa3mep rpynnmbi

cl_uint num_events_in_wait_list,
const cl_event *event_wait_list, // Oxupaemble cobbiTug
cl_event *event)

[na npuBeaeHHOro npumepa:
clEnqueueNDRangeKernel (hQueue, hKernel, 1, NULL,
&gx, NULL, NULL,
NULL, NULL);

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 12


http://www.compression.ru/video/

‘L Anpo

__kernel void

vectorAdd(__global const float * a,
__global const float * b,
__global float * c)

int nIndex = get_global_id(0);
c[nIndex] = a[nIndex] + b[nIndex];

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 13


http://www.compression.ru/video/

‘L NMHUUMaANN3aUMA KOHTEKCTA

// Co3aaHMe KOHTeKkCcTa OpenCL

cl_context hContext;

hContext = clCreateContextFromType(0, CL_DEVICE_TYPE_GPU,
0, 0, 0);

// Nony4yeHne cnucka AOCTYMNHbIX B KOHTEKCTe YCTPOWUCTB
size_t nContextDescriptorSize;
clGetContextInfo(hContext, CL_CONTEXT_DEVICES,

0, 0, &nContextDescriptorSize);
cl_device_id * abDevices = malloc(nContextDescriptorSize);
clGetContextInfo(hContext, CL_CONTEXT_DEVICES,

nContextDescriptorSize, abDevices, 0);

// Co3haHMe o4yepeau KOMaHA AJiA NepBOro M3 yCTPOWUCTB

cl_command_qgueue hQueue;
hQueue = clCreateCommandQueue(hContext, abDevices[0], 0, 0);

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/

GRAPHICS & MEDIA LAB
VIDEO GROUP

14
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GRAPHICS & MEDIA LAB

‘L NHUUMaNM3auma namMsamm —

// BblaeneHne namATU Ha YyCTpPOUCTBE
cl_mem hDevMemA, hDevMemB, hDevMemC;

hDevMemA = clCreateBuffer(hContext,
CL_MEM_READ_ONLY | CL_MEM_COPY_HOST_PTR,
dataSize * sizeof(cl_float), pA, 0);
hDevMemB = clCreateBuffer(hContext,
CL_MEM_READ_ONLY | CL_MEM_COPY_HOST_PTR,
dataSize * sizeof(cl_float), pB, 0);
hDevMemC = clCreateBuffer(hContext,

CL_MEM_WRITE_ONLY,
datasize * sizeof(cl_float), 0, 0);

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 15
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GRAPHICS & MEDIA LAB

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/

‘L BbiNOMHEHNE a4pa

// Komnunauusa OpenCL-nporpammbl
cl_program hProgram;
hProgram = clCreateProgramwithSource(hContext, 1, sProgramSource, 0, 0);
clBuildpProgramChpProgram, 0, 0, 0, 0, 0);
// Co3paHue appa
cl_kernel hKernel;
hkernel = clCreatekernel(ChProgram, "vectorAdd", 0);
// YCTaHOBKA napameTpoB fAapa
clsetkernelArg(hkernel, 0, sizeof(cl_mem), (void *)&hDevMemA);
clsetkernelArg(hkernel, 1, sizeof(cl_mem), (void *)&hDevMemB);
clsetkernelArg(hkernel, 2, sizeof(cl_mem), (void *)&hDevMemC);
// BbINONMHEHMe fAapa
clEnqueueNDRangeKernel (hQueue, hKernel, 1, 0, &dataSize, 0, 0, 0, 0);
// UYTeHue pe3ynbTaToOB B ONepaTUBHYKW MNaMATb
clEnqueueReadBuffer(hContext, hbevMemC, CL_TRUE, O,

dataSize * sizeof(cl_float), pC, 0, 0, 0);

16
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GRAPHICS & MEDIA LAB

‘L OpraHu3aums naMsTu

Private Memory
Private Private Private Private
Memory Memory Memory Memory = Bblaensgerca KOMOUNATOPOM
Work Work Work Work
Item 1 Ttem N Ttem 1 Ttem N = YTeHune n 3anucb ansa work-
Compute Unit 1 Compute Unit N item
t 1 = Bblcokas ckopocTb AocTyna
Local Memory Local Memory Ana nnatgopmbl CUDA:
Global/Constant Memory Data Cache = AHanor — perMCTPOBle
Compute Device Cba nn
{ = OKoso 32 perucTpoB Ha
Global Memory Work_ltem
Compute Device Memory

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 17
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Private Private Private Private
Memory Memory Memory Memory
Work Work Work Work
Item 1 Item N Item 1 Item N

Compute Unit 1 Compute Unit N

! !

Local Memory Local Memory

Global/Constant Memory Data Cache

Compute Device

!

Global Memory

Compute Device Memory

GRAPHICS & MEDIA LAB

‘L OpraHu3auusa NamMaTu

Local Memory

= YTeHue u 3anuncb ang Bcex
work-item ogHon rpynnol

= BbICOKas CKOpOCTb AOCTYNa
= Heobxoamma CcMHXpoHM3aLUUS
Ansa nnatgopmbl CUDA:

= AHanor — pasgensiemMas
NaMATb

= Okono 8 Kb Ha work-group
(Ha compute unit)

18
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Private Private Private Private
Memory Memory Memory Memory
Work Work Work Work
Item 1 Item N Item 1 Item N

Compute Unit 1 Compute Unit N

! !

Local Memory Local Memory

Global/Constant Memory Data Cache

Compute Device

!

Global Memory

Compute Device Memory
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GRAPHICS & MEDIA LAB

‘L OpraHv3aums NamsTu

Global Memory

= YTeHue n 3anucb

= HM3Kaa CKOpoCTb AoCTyna

= Heobxoamma CcMHXpoHM3aLUUS
Ansa nnatgopmbl CUDA:

=  AHanor — rnobanbHas
MaMsaThb

= TUNWUYHBbIK 06BEM — 1 B

19
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‘L PaboTta c naMaTblo

GRAPHICS & MEDIA LAB
VIDEO GROUP

Global Constant Local Private
Host [vHaMnyeckoe [AnHaMnyeckoe [InHaMnyeckoe .
BblAeNieHne BblaeneHve BblaeneHue
YTeHne n 3anuncb YTeHne n 3anncb HeT pgocTtyna HeT goctyna
Kernel . CraTuueckoe CraTuueckoe Cratuueckoe
BblaeneHue BblaeneHue BblAeNeHne

YTeHune u 3anuchb

Tonbko YyTeHue

YTeHue u 3anuchb

YTeHue u 3anucb

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/
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i CoaepxaHue

= BBeaeHue
= Moaenb OpenCL

= BoamoxxHocTn OpenCL
= /lcnonb3oBaHMe NTOKaIbHOU MaMATy
= lcnonb3oBaHne n3obpaxkeHnn
= Cpeacrtea 4A3blka

= PacwunperHunsa OpenCL

21
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Acnonb30BaHMeE
NOKaNbHOW NMaMATH

= [pobnembl rnobanbHOM |
3arpy3unTtb gJaHHbIEe B
I-I a M HTM —> J'IOKng'IbHng namaTb
= DbOonblwasg naTeHTHOCTb ) ¢
= OTcyTCcTBME KoLa
[ CuHXpoHM3aLms ] CuHXpoHM3aLms
s PelwleHune
1. [lpeaBapuTenbHas T ) ¢
3arpysKka AaHHbIX B o e A
NOKAJIbHYIO NaMATb : ¢ ’
2. ObpaboTka .
OXpaHeHune
5. CoxpaHeHue - D
pe3y/bTaTa !

22
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‘L CUHXPOHM3aUVS

TOYKa CMHXPOHU3aLMN:

void barrier(cl_mem_fence_flags flags)

OcobeHHOoCTU:

= [O4YKa CUHXPOHN3aUUWN AO0J1XKHA ObITb AOCTUTHYTA nmbo BceMu
NOTOKaMMH, nmMb0O HM OHUM M3 NOTOKOB B rpynne

=  Onar 9BnseTca NoAckaskon KOMMUASTOpY:
s CLK_LOCAL_MEM_FENCE
s CLK_GLOBAL_MEM_FENCE

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 23
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GRAPHICS & MEDIA LAB

‘L [lpMep: cBepTKa

CBépTKa C A4pPOM 9x9

"""" -t i mit seut s Sy T S

S Y

= CnoXxHocCTw: I
= MHOro obpatlieHum K et oo

O S AN N A A S N U (N N N U SN N R

rnobanbHON NaMSATU L

= Mano BbluMcneHnn i B
bt

= Peanusauug: St o o }r -------
....... L

= Pasbuenvie Ha rpynnbl L N O T T T A O O

SRR PR NS YR SRR PR ORI R RS R e PR SRS SO SO U HRON. AN R

e

= Kaxxpas rpynna paboTaeTr  iieh-ioiedbotdo bl

..............................................................................
|||||||||||||||||||

BﬂOKaanOVInaMﬂTM SR
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GRAPHICS & MEDIA LAB

‘L [lpMep: cBepTKa

CBépTka C aapom 9x9

s Peanunzauus:

= B flokanbHylo NnamMaTb
3arpy»aetcs 610k 16x16

= Kaxkabi noTok
3arpy>aet no 4
3HaYeHud

#define BRD_SIZE 4
#define BLK_SIZE 16
#define GRP_SIZE 8
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i Peannsayug ==

__kernel void convolution(__global float *dst, __global const float *src,
__local float *block)

{
int gx = get_global_id(0); int gy = get_global_id(1);
int 1x = get_local_id(0); 1int ly = get_local_id(1);
int bx = gx - BRD_SIZE; int by = gy - BRD_SIZE;
int sid = by * SRC_STRIDE + bx; int bid = ly * BLK_SIZE + 1x;
block[bid] = src[sid];
block[bid + GRP_SIZE] = src[sid + GRP_SIZE];
sid += GRP_SIZE * SRC_STRIDE; bid += GRP_SIZE * BLK_SIZE;
block[bid] = src[sid];
block[bid + GRP_SIZE] = src[sid + GRP_SIZE];
barrier (CLK_LOCAL_MEM_FENCE) ;
// BbMUCNEHUA B JNIOKaJIbHOM NaMATU
dst[gy * SRC_STRIDE + gx] = result;
}

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 26
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OyHKUMM Anga paboTbl C
NaMSATbIO

DyHKUMNA OnucaHue

event_t async_work_group_copy( ACUHXpOHHOE KONMMUPOBaHWE AaHHbIX MEXAY NOKaNbHOM
__local gentype *dst, urnobanbHol namsaTblo. Bo3BpallaeT 06beKT Ans
const __global gentype *src, cMHXpOHW3aLWW.
size_t num_elements,
event_t event)
event_t async_work_group_copy(
__global gentype *dst,
const __local gentype *src,
size_t num_elements,
event_t event)

void wait_group_events( CHXpOHM3aUusl No onpeaenéHHOMY CObbITUIO
int num_events,
event_t *event_list)

void prefetch( YnpexgatoLwasl 3arpy3ka AaHHbIX B KL
const __global gentype *p,
size_t num_elements)

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 27
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i TekcTtypbl B GPGPU

= JIOCTOMHCTBA
= MHoOromepHoe KawnpoBaHue
= ObpaboTka obpalleHmn 3a rpaHuLbl n30bpaxxkeHns
= VMIHTepnonauua Ha nety

= HepocraTku
= HopMannsoBaHHbIE JaHHbIE
= HopManm3oBaHHblE KOOPAUHATLI

28
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L

‘_L N306paxkeHnst B OpenCL =

= ObnagatoT AOCTOMHCTBAMU TEKCTYP
= HopManusaumsa koopamHaT U AaHHbIX OMNLUMOHANbHA

= [locTynHble popMaTbl — OT 1 A0 4 KOMIMOHEHT Ha

NMNKCEJb.
CL_SIGNED_INTS8
CL_SIGNED_INT16
CL_SIGNED_INT32
CL_HALF_FLOAT
CL_FLOAT

= OyHKUMM Anst paboTbl C M306paXKEHNAMM.

« float4 read_imagef(image2d_t image, sampler_t sampler, int2
coord)

= Vvoid write_imagef(image2d_t image, int2 coord, float4 color)

= Bo3MoxHa pabota ¢ 3D-n3obpaxeHnamm

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/ 29
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Acnonb30BaHMeE

GRAPHICS & MEDIA LAB

n306pakeHnu

CBepTka 9x9 EEREEEEREEE NN

...............................................................................
|||||||||||||||||||
|||||||||||||||||||

= [pobnembi: i .,-.+.-,.-...+-+..§
. O6paborka Kpads T T

« TlepexpbiTie 610KOB -

= PelieHne — - e
M306paxeHus NN

. KWMpoBaHue B 8

. OBpaborka agpecaun e
BHE W306paXeHus O 000

|||||||||||||||||||
|||||||||||||||||||
...............................................................................
|||||||||||||||||||
|||||||||||||||||||
|||||||||||||||||||
|||||||||||||||||||
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‘L Mpumep

GRAPHICS & MEDIA LAB
VIDEO GROUP

__kernel void convolution(__write_only image2d_t *dst, __read_only image2d_t *src,
__Tlocal float *block)
{
const sampler_t smplr = CLK_NORMALIZED_COORDS_FALSE |
CLK_ADDRESS_CLAMP_TO_EDGE | CLK_FILTER_NEAREST;
int gx = get_global_id(0); int gy = get_global_id(1);
int 1x = get_local_id(0); 1int ly = get_local_id(1);
int bx = gx - BRD_SIZE; int by = gy - BRD_SIZE;
int bid = ly * BLK_SIZE + 1x;
block[bid] = read_imagef(src, smplr, (int2)(bx, by)).x;
block[bid + GRP_SIZE] = read_imagef(src, smplr, (int2)(bx + GRP_SIZE, by)).Xx;
bid += GRP_SIZE * BLK_SIZE;
block[bid] = read_imagef(src, smplr, (int2)(bx, by + GRP_SIZE)).X;
block[bid + GRP_SIZE] = read_imagef(src, smplr, (int2)(bx + GRP_SIZE,
by + GRP_SIZE)).X;
barrier (CLK_LOCAL_MEM_FENCE) ;
// BbMUCNEHUA B JNIOKaJIbHOM NaMATU
write_imagef(dst, (int2)(gx, gy), result);
}

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/
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‘L Tunbl AAHHbBIX

= CkandpHble

= bool
= char, uchar, short, ushort, int, uint, long, ulong
= float

= Size_twu Apyrue BCrioMoraTtesibHble TUMbI

= BeKkTopHble
= Coctoat u3 2, 4, 8 unn 16 anemeHTOB

=  WMenytotca charn, ucharn, shortn, ushortn, intn, uintn, longn,
ulongn, floatn, rae n — KOMMYECTBO 3NEMEHTOB

= JlocTyn K anemMeHTaM c nomouibio .xyzw, .odd, .even, .10, .hT,
.50123456789ABCDEF
= [lpumep
ucharl6 a; uchar4 b = a.s6789;
float4 c; floatd d = c.zyxw;
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=  MaTtemaTtnyeckune gyHkunm n3 math.h a3bika C

[ | Ll,enoq UC/TIEHHbLIE BblYNC/TIEHNA
= ugentype abs(gentype x)
= ugentype abs_diff(gentype x, gentype y)
= gentype hadd(gentype x, gentype y) —(x+y)»1
= gentype rhadd(gentype x, gentype y) —(x+y+1) » 1

= BcnomoratenbHble pyHKumn ana pabotel ¢ float
= gentype clamp(gentype x, gentype minval, gentype maxval)
= gentype {min|max}(gentype x, gentype y)
= gentype mix(gentype x, gentype y, gentype a) —x+{y-x)-a
= gentype step(gentype edge, gentype x)

= [eomeTpunyeckne pyHKUUM
s OYHKUMM YTEHMS M 3annUcn n3obpaxxeHnm
= OnpeneneHne nHaekcos work-item
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DyHKUMNA

GRAPHICS & MEDIA LAB

‘L OnpeaeneHne NHAEKCOB ==

OnucaHue

uint get_work_dim(Q)

size_t
size_t
size_t
size_t

size_t
size_t

get_global_size(uint ind)
get_global_idCuint ind)
get_local_size(uint ind)
get_local_id(uint ind)

get_num_groups(uint ind)
get_group_id(uint ind)

Pa3MepHOCTb MHAEKCHOrO NPOCTPAHCTBA
KonuyectBo work-item B namepexHmmn ind
Nhaekc work-item B namepexHun ind
Pasmep work-group B namepeHun ind

JlokanbHbIM MHAEKC work-item BHyTpu work-group B
n3mMepeHun ind

Konnuyectso work-group B namepeHumn ind
NHaekc work-group B uamepeHun ind

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/
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i CoaepxaHue

= BBegeHune

= Moaenb OpenCL

= Bo3moxxHocTh OpenCL
= Pacuumpenunsa OpenCL

35
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GRAPHICS & MEDIA LAB
VIDEO GROUP

OrpaHunyverHuna B OpenCL 1.0

= He noaaepxxusaetcs pekypcus

=  MWHUManbHbIN 06BEM 3aNUCbIBAEMbIX AaHHbIX — 32 6uTa
=  OTCYyTCTBYIOT BbIYUMCNEHUS C IBOMHOWN TOYHOCTbBIO

= He noaaepxxusaetcs 3anucb B 3D-n306paxkeHuns

=  OTCYTCTBYIOT yKa3aTenn Ha QYyHKLUUK

= YKasaTesM Ha yKasaTesm He MoryT ObITb napameTpamu

= butoBbIE NONS HE NoAAEPXMBAIOTCS

= He noaaep>xuBatoTcsi AMHAMUYECKUE CTPYKTYPbl AaHHbIX
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i Paclumpennst OpenCL

HasBaHue OnucaHue

cl_khr_fp64 BbluncneHus ¢ ABOMHON TOYHOCTbIO
cl_khr_select_fprounding_mode Bbi6oOp pexxuMoB OKpyrneHust
cl_khr_global_int32_base_atomics, AToMapHble dyHKUMK Ana paboTsl € 32-6UTbIMKU LieNbIMU B
cl_khr_global_int32_extended_atomics rnobanbHou namMaTu

cl_khr_local_int32_base_atomics, ATomapHble dyHKUUK Ans paboTbl ¢ 32-6UTbIMK LiENbIMU B
cl_khr_local_int32_extended_atomics nokanbHOW NaMATH

cl_khr_int64_base_atomics, AToMapHble pyHKuMn ans paboTtbl ¢ 64-6UTbIMK LieNbIMU B
cl_khr_int64_extended_atomics rnobasnbHOM U NOKaNbHOW MamMsaTH
cl_khr_3d_image_writes 3anucb B 3D-n3o0b6paxeHne
cl_khr_byte_addressable_store 3anuncb ¢ NobanMToBOM agpecaumnen

cl_khr_fp16 BbluncneHns ¢ NonoBUHHON TOYHOCTbIO
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GRAPHICS & MEDIA LAB

‘L ATOMapHble YHKLMK

= UMbl NAMATU;
= JIoKanbHas
= [nobanbHas

= [UNbl JAHHbIX:
= 32-paspsaHble uenble
= 64-paspsaHble uenble

= Habop dyHKUuMK:
= BazoBbIN
= int atom_{add|sub|xchg}(int *p, int val)
« 1nt atom_{inc|dec}(int *p)
= 1nt atom_cmpxchg(int *p, int cmp, int val)
= PaclmpeHHbIn
« 1nt atom_{min|max}(int *p, int val)
« 1nt atom_{and|or|xor}(int *p, int val)
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= [lo3BoNsEeT pacnapannenneaTb 3a4a4n 06paboTky
n306paxxeHnm n BNaeo

= [loaaepxkka 60/bLIOro KONMYecTsa YCTPOUCTB
= GPU
= CPU
= PS3, XBOX
« Embedded profile
= OpauH Ko ans Bcex yCTPOUCTB
s Cxoacteo c CUDA
= Peanusaumnmn oxunpatotcsa B bnmkaviuee Bpems
=« NVIDIA
« AMD
= Intel

39
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‘L Cnncok nutepaTypbl

1. http://www.khronos.org/registry/cl/
2. http://www.nvidia.com/object/cuda opencl.html
3. http://www.nvidia.com/object/cuda _home.html
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i Bonpochl ==
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JlabopaTopusa KOMNbIOTEPHOWLES
‘L rpadukn U MynbTuMeama

Buageorpynna 3T0:

= BbINyCKHWKM B acnMpaHTypax AHMnu,
®paHunu, Weenuapum (B Poccnmn B MY u
MMM M. Kenapbiwa)

= BbinyCcKHMKaMuM 3aWmLeHo 5 ancceprauum

= Hamnbonee nonynsipHble B MUpe CpaBHEHUS
BUEOKO/1EKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX (DUILTPOB
06paboTKKn BUAEO
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