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Quote of the Day
All change is not growth, as all movement is not forward.
Ellen Glasgow

B bnuxariee BpemMs cTatbsl MO pacLUMpPEHUIO
ARB_shader_image_load_store

OcHoBbl CUDA
BeBepgeHue, GPGPU

CUDA (Compute Unified Device Architecture) -- ato TexHonorus ot komnanmm NVidia, npegHasHadyeHHas Ans pa3paboTku NpuoxXeHUn ans
MaCCUBHO-MapanmnenbHbIX BbIYMCUTENBHBIX YCTPOWCTB (B Nep.yto odepeab Ana GPU HaunHas ¢ cepun G80).

OcHoBHbiMM nntocamm  CUDA  senstotcas ee  6ecnnatHocts (SDK  gnsi Bcex OCHOBHbIX nnatpopm cBo6OAHO ckaumBaeTcsi C
developer.nvidia.com), npocTtoTa (MporpammmpoBaHue BefeTcst Ha "paclumpeHHom C") n rmbkocTb.

®akmmyeckn CUDA sBnsetcs aanbHenwnm passutmem GPGPU (General Purpose computation on GPU). [leno B ToM, 4To yXe C camoro
Havyana GPU aktMBHO ucnonb3oBanu napannenbHOoCTb (kak BEpLUMHbI, TaK U OoTAenbHble dparMeHTbl MOryT obpabaTtbiBaTbCs napannenbHo u
He3aBWCUMO APYr OT ApYra, T.e. 04eHb XOPOLLO 10XaTCs Ha NapannenbHylo apXUTeKTypy).

Mo mepe passutns GPU pocna kak cTeneHb pacrnapannenusaHus, Tak u rmbkocts camux GPU. Camble nepsole GPU ana PC (Voodoo)
haKkTM4eckn npeacTaBnsanm coboi NPOCTo pacTepm3aTop ¢ BO3MOXHOCTLIO HANOXeHNs TEKCTYpbl U Bydepom rmy6uHbl. [loBonbHO 6bICTPO NOSBUNKUCH
GPU c T&L, Te. nonHon obpabotkon BepwnH Ha camom GPU - Ha BXoA MOCTynalT TPeXMepHble AaHHble M Ha BbIXOAE MoflyyaeM roToBoe
n3obpaxeHue (Hanpumep, Riva TNT). OgHako mbkocTb B HMX Obina HebonbLOW - Bedb BCE BbIYMCIIEHWUS BEMNUCb B pamkax (PUKCUPOBAHHOIO
koHBeviepa (FFP).

Cnepgyowmm warom (GeForce 2) ctano nosieBneHnsi BEpLUMHHBIX WenaepoB (pacwmnpernne ARB_vertex_program) - o6paboTky BEpPLUMH CTano
BO3MOXHbIM 334aBaTb B BWAE MPOrpamMMbl, HAaNMCaHHOM Ha cneumansHoM accembnepe. MNpu 3ToM BeplMHbl 06pabaTbiBannchk napansensHo K
He3aBMCUMO ApYr OT Apyra. Huxe npuBoanTCS NpuMep NPOCTO NporpaMmbl Ha Takom accembnepe.

I'1ARBvp1.0
ATTRIB pos = vertex.position;
PARAM mat [4] { state.matrix.mvp };

# transform by concatenation of modelview and projection matrices

DP4 result.position.x, mat [0], pos;
DP4 result.position.y, mat [1], pos;
DP4 result.position.z, mat [2], pos;
DP4 result.position.w, mat [3], pos;

# copy primary color

MOV result.color, vertex.color;
END

BrnonHe norvyHbIM cregylowmnM LWaroM crano nosieneHne parMeHTHbIX nporpamm (pacwupernve ARB_fragment program), no3sonstoLumm
3ajaBaTb pacyeT KaXaoro NuKcena Takke npy NoMOoLLM NporpamMmbl, Ha accembnepe. BaXHbIM MOMEHTOM SIBMSIETCA TO, YTO BCE 3TW BblUMCIEHUS (KaK
NS BEPLUVWH, Tak 1 Ans doparMeHToB) BeAyTcs € ucnonb3oBaHneM 32-6utoBbix floating-point uncen.

B apxutektype GPU nosiBunucb oTAenbHble BepLUMHHblE WM (bparMeHTHble MPOLEeCcCcopbl, BbIMOMHSIOWME COOTBETCTBYHOLLME MPOrpaMmbl.
[aHHble npoueccopbl BHayane Obinu kpawHe MpOCTbl - MOXHO ObINO BLIMOMHATE NWLWb MNpPOCTeMLIMe onepauuu, NPakTUYecku MOMHOCTLIO
OTCYTCTBOBAIO BETBEHME 1 BCE MPOLIECCOPbl OAHOIO TUMa OAHOBPEMEHHO BbIMOMHANMN OJHY U Ty Xe komaHay (knaccuyeckas SIMD-apxuTekTypa).

3a cyeT 6OMbLIOro YMcna BePLUMHHBIX U hparMeHTHbIX NPOLECCOPOB, BbIMOMHSAIOLMX Takue NporpaMmbl, 0Kasanoch, 4To no ObicTpoaencTanto
(n3mepsiemomy B konuyecTse floating-point onepaumin B cekyHay) GPU B pa3bl o6roHstor CPU.

3akntounTenbHbIM LWarom, npespatmelum GPU B MoLHbIE nMapannenbHble BolYMCIUTENK, cTano nogaepxka floating-point TekcTyp, T.e. ctano
BO3MOXHbIM XpaHUTb 3HAYeHNs B TeKCTypax kak 32-butosble floating-point uncna.

B pesynsrate GPU daktmuecku ctano ycTpomcTBOM, peanu3yioLM NOTOKOBYI BblYMCNNTENBHYO MoAenb (stream computing model) - ecTb

MOTOKN BXOAHbIX M BbIXOAHbIX AaHHbIX, COCTOSLUME M3 OAVMHAKOBbIX 3MIEMEHTOB, KOTOpble MOryT BbiTb 0bpaboTaHbl HE3aBMCUMMO Apyr OT Apyra.
O6paboTka aneMeHToB ocyLlecTenseTcs sapoM (kernel) (cm puc 1.).
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Puc 1. ToTOKOBbIN BbIYUCHEHMS.
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®aktmyeckn GPU okasanocb MmowHbiM SIMD (Single Instruction Multiple Data) npoueccopoM. B pesynbrate nosiunocs GPGPU -
1CMonb30BaHNe OrPOMHON BblYMCNUTENBHON MowHocTM GPU ans peleHnsa Herpaduyeckux 3agad. HecMoTps Ha 3HauuTenbHble pesynbraTbl
GPGPU o6nagano psigom He4oCTaTKOB:

. Bcs pabota wna uyepe3 rpacmyeckmint AP, kog ansa GPU nucancs Ha GLSL/HLSL/Cg, ocTtanbHOM ko - Ha TPagUUMOHHOM Si3blke
nporpaMMMpoBaHns

. Harnmuue orpaHvyeHuii Ha pasMepbl U Pa3MepPHOCTb TEKCTYP

. MOJSIHOCTBLIO OTCYTCTBOBAsia BO3MOXXHOCTb B3aUMOAENCTBUSI Mexay napannensHo obpabaTbiBaeMbIMU NMKCENAMU

. OTCYTCTBOBasa nogdep:kka Tak Ha3blBaeMoro scaftera (xoTs Obinn HangeHbl 06XO4HbIE NyTH)

Kpome Toro Ha GPU GeForce 6xxx/7xxx oTcyTcTBOBana HaTMBHas nogaepka LenblixX Yucen u nobuTosbix onepaumin Hag HUMK.

MosieneHne CUDA (a Takke GPU G80) NonHOCTLIO CHANO BCe 3T orpaHnyeHus, npeanoxus ans GPGPU npocTtyto 1 yao6Hyto moaens. B aton
mogenu GPU paccmatpuBaeTcs Kak crneumanm3mpoBaHHOE BblYMCIMTENbHOE YCTPOMCTBO (Ha3biBaemoe device), KoTopoe:

. sensieTca conpoueccopom k CPU (HasbiBaemomy host)
. obnapaet cob6cTBeHHON NamsATbo (DRAM)
. obnagaeT BO3MOXHOCTBIO MapansenbHOro BbINOMHEHWSI OFPOMHOTO KONMYecTBa oTAenbHbIX HUTe (threads)

Mpu atom mexay HUTAMM Ha CPU un Hutamm Ha GPU ecTb NpyHUMNNanbHblie pasnnyms -

. HUTM Ha GPU o6napgatot kpanHe "HebonbLIOW CTOMMOCTLIO" - UX CO34aHue 1 ynpaeneHue TpebyeT MMHUMarbHbIX PeCypCoB (B OTNMYMMK
o1 CPU)
. Ans apdeKTMBHON yTnm3aumm BosMmoxHocTern GPU Hy>XHO ncrnonb3osaTb MHOMME ThiCA4M oTAenbHbiX HUTen (ans CPU 06bI4HO HYXHO

He 6onee 10-20 HuTeN)

Camu nporpammbl MULIYTCSA Ha "pacluvpeHHoM" C, Npu 3ToM nx napannensHas YacTb (9apa) BeinonHsetcs Ha GPU, a obbiuHas yacTtb - Ha CPU.
CUDA aBTOMaTU4eCKM OCYyLLEeCTBNAET pas3aeneHnem Yacten n ynpasneHnem nx 3anyckom.

CUDA wncrnonb3yeT 60nblloe YACMO OTAeNbHbIX HUTEN ANS BbIYMCNEHWUIA, HYacTO KaXaoMy BbIYMCMSIEMOMY dfeMeHTamMu COOTBETCTBYeT OAHa
HUTb. Bce HMTU rpynnupytoTcsa B nepapxwtio - grid/block/thread (cm. puc. 2).
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Puc 2. Nepapxus Huteit B CUDA.

BepxHuii ypoBeHb - grid - cOOTBETCTBYET SAPY U 06beauHSIET BCE HUTW BbIMOSHSOWME AaHHOe SApo. grid npefcTaBnsieT coboi 0gHOMEpPHbIA
Unu AByxXMepHbI Maccus bnokos (block). Kaxapin 6nok (block) npeactasnsieT 3 cebs ogHO/ABYX/TPEXMEpPHbI MaccuB HUTen (threads).

[Mpwn atom kaxabln 6rok NnpeacTaBnsieT CO60M MNOMHOCTHI0 HE3aBUCUMBIN Habop B3aMMOAENCTBYIOLLMX MeXAy COOON HUTEW, HUTU U3 pasHbIX
6rnokoB He MoryT mexay coboi B3aMMoaencTBoBaTh.

dakTnyeckn GrNoK COOTBETCTBYET HE3aBUCMMO pellaemMoi nofsanade, Tak HanpuMep ecrv HyXXHO HalTu Mpou3BefeHWe AByX MaTtpul, To
MaTpuLy-pe3ynstaT MOXHO pa3buTb Ha oTAesfbHble noaAMaTpuubl OAMHAKOBOrO pas3mepa. HaxoxaeHwe Kaxaol Takon noaMaTpuubl MOXET
nponcxoanTb abCOMTHO HE3ABNCKMMO OT HaxoXAeHWs ocTasnbHbIX noaMaTpuL. HaxoxaeHue Takoi nogmaTpuubl - 3ajava oTaesnibHoro broka, BHyTpu
Groka KaXxgomy aneMeHTy noAMaTpuLibl COOTBETCTBYET OTAENbHAS HUT.
Mpw 3TOM HUTK BHYTPM Grioka MOryT B3aumozencTeoBaTb Mexay co6oli (T.e. COBMECTHO peluaTh noasagady) yepes
. o6yt namsTb (shared memory)
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. YHKLMIO CUHXPOHM3aLMK BCcex HUTel bnoka (__synchronize)

Mono6Has nepapxmsa 4OBOMLHO ECTECTBEHHA - C OQHOW CTOPOHbI XOUETCH MMETb BO3MOXHOCTb B3aMOAENCTBUSA MEXAY OTAENbHbIMM HUTAMU, @
C Apyron - Yem bornbLue Taknx HUTEN, TeM Bbille OKa3blBaeTcs LieHa NogobHOro B3anMoaencTaus.

|-|03TOMy ncxoaHasa 3apada (npwmeHeHme A0pa K BXOAHbIM ,El,aHHbIM) pa36MBaeTc;| Ha psan noasajad, Kaxaada U3 KOTOPbIX pellaeTca
abconoTHO He3aBUCUMO (T.e. HUKaKoro B3aMMoencTBus MeXxay nogsagadamu HeT) 1 B NPOU3BOJIbHOM NOPSAOKe.

Cawma xe nogsafava peluaeTcsi npy noMoLwm Habopa B3aumoaencTByOWNX MeXay COGOM HUTEN.

C annapaTHOW TOYKM 3pEeHUs BCe HWUTWM pa3buBaloTcs Ha Tak HasblBaeMble warp'bl - Bnokv noapsa MAyLMX HUTEN, KOTOpble OAHOBPEMEHHO
(dbn3unyeckmn) BbINONHSAOTCS U MOTYT B3aMMOAENCTBOBaTL ApYr ¢ ApyroM. Kaxkabii 6nok HUTel pa3brnBaeTcs Ha HECKONbKO warp'oB, pasmep warp'a ans
BCEX cyLecTBytoLmx cervac GPU paseH 32.

BaXXHbIM MOMEHTOM SIBNSETCH TO, YTO HUTU (DAKTUYECKM BbIMOMHSOT O4HY U Ty Xe KOMaHAbl, HO Kaxgasi Co CBOMMM AaHHbIMU. [1oaTomy ecriv
BHYTPM warp'a NPONCXOANT BeTBMNeHne (HanpumMep B pesynsraTe BbiNoNHeHUs onepatopa if), To Bce HUTU warp'a BbIMOMHAIT BCe BO3HMUKaOLWMe npu
3TOM BeTBW. [103TOMY KpaWiHe xenaTenbHO YMEHbLUWTL BETBNEHNE B NPeAenax KaXaoro oTaenbHoro warp'a.

Taiwke ucnonbayetcsi noHATME half-warp'a - 310 nepBas Unu BTOpas nonosuHa warp'a. NogobHoe pa3bueHune warp'a Ha NOMOBUHbLI CBA3AHO C
TeMm, 4To 0BbIYHO OBpalleHne K NamMAT! AenatoTcs oTAenbHO And Kaxaoro half-warp'a.

Kpome vepapxvun HUTEl CyLLecTByeT Takke HEeCKONMbKO pPasfMyHbIX TUMOB NamsTu. BbicTpoaencTBue NPUNOXKEHUS OYEHb CUMBHO 3aBUCUT OT
ckopocTM paboTsl ¢ NamMsTblo. IMEHHO NO3ToMy B TpaAMLMOHHbLIX CPU GonbLuyto YacTb KpucTarnna 3aHUMatoT pas3nuyHble KaLIW, MpeaHa3HauYeHHbIe
Ansi yckopeHus paboTbl ¢ namMsTbio (B To BpeMst kak Anst GPU oCHOBHYt0 YacTb kpucTtanna 3aHumatot ALU).

B CUDA ans GPU cyuiecTtByeT HECKOMNBKO PasfMyHbIX TUMOB NaMSATW, AOCTYMHbIX HUTAM, CUITBHO PasfnmyatoLLmxcs mexay cobon (cm. Tabn. 1).

Tabnuua 1. Tunel namsatm 8 CUDA.

(registgrz;mTpH R/W per-thread Bblcokas (on chip)
local R/W per-thread Huskas (DRAM)
shared R/W per-block BblCcOKasi (on-chip)
global R/W per-grid Huskas(DRAM)
constant R/O per-grid BeIcokas(on chip L1

cache)
texture R/O per-grid Beicokas(on chip L1
cache)

Mpu atom CPU umeet R/W gocTtyn Tonbko kK rnobanbHOn, KOHCTAHTHON M TEKCTYPHON namstn (Haxogsuweics B8 DRAM GPU) n Tonbko Yepes
dyHKUMM KonmpoBaHusa namstn mexay CPU n GPU (npepoctaensembie CUDA API).

YctaHoBka CUDA gna Windows u Linux

Ons yctaHoBkn CUDA npocTo 3anauTe Ha ctpaHuuy ans ckadneaHus CUDA u BbiGepuTe CBOK onepauunoHHyto cuctemy. Bam HeoGxoanmo
bynet ckayaTb n yctaHoBuTe CUDA SDK 1 CUDA Toolkit. Tatoke moxeT noHagobutscs obHoBNeHne Buaeoapaneepa.

Ha caiTe goctynHbl BepcuU Anst OCHOBHbIX AUCTPMBYTMBOB Linux, AocTaTtouyHo noapobHblie MHCTpykumm no yctaHoBke CUDA Ha Ubuntu 8.10
(noa koTopyto elle HeT rotoeon Bepcum CUDA) MOXHO HalTu 34echb.

[Mpn aTOM Ha KOMMbIOTEP YCTaHaBNMBaeTcsa Bce, Heobxoanmoe ans pabotel ¢ CUDA, Bkntovas runtime n komnunstop nvec. Cam KoMnunsitop
akTnyecky npeacTasnsieT us cebs npenpoueccop, obpabaTbiBaloLWLMI KOA U CTPOSALWMIA oTAeNbHbIW koA Ans GPU 1 CPU. [ina komnunauun koga ans
CPU (Bkntovas koa, HeobxoanMbI Ans 3anycka sapa) NVec Mcnonb3yeTt 00biuHbIv C/C++-komnunsaTop (Ha Linux'e oH ncnonb3yet gec).

OCHOBHbIMU OMNUMSIMU KOMaHbl NVCC SBMSIOTCS:

. -deviceemu - KOMMMNAUMA B pexXume 3MynsauMu, Becb koA OyAeT BbIMOMHATLCA B MHOMOHMTEBOM pexume Ha CPU u moxHO
Mcnonb3oBaTh OObIYHBIN OTNAAYMK (XOTH HE BCE OLUIMBKM MOTYT MPOSIBUTCH B TaKOM pPeXUME)
. --use_fast_math - 3ameHunTbL Bce BbI30BbI CTaHAAPTHBLIX MaTeMaTU4eCckux yHKLUIA Ha ux GbicTpble (HO MEHEe TOYHbIE) aHanorm

-0 <outputFileName> - 3agatb nms BbixogHoro canna

M3 nsBectHbix rmokoB CUDA 2 - cTpaHHble coobuieHuns o6 owmnbke npu 3anycke komnunstopa nvec us-nog Far'a wnu n3 make-canna.
OpHako OHU nerko peluatoTcs cosaaHmem Jbat-canna, BeidbiBaloLLEro nvec 1 nepegatowemMy emy Bce napameTpsbl (Mpumep nogobHoro darina ects B
npunaraemMom K cTatbe UCXOAHOM KOAe).

PacwupeHus sa3bika C

Mporpammbl ana CUDA (cootseTcTBylowmne dainsbl 06bI4HO UMEIOT pacluupeHne .cu) NMwyTes Ha "pacwimpeHHom” C 1 KOMIMNUPYTCS Npu
MOMOLLIM KOMaHAb! NVCC.

Beoanmbie B CUDA pacluvpenus s3bika C coctosT us

. cneundukaTopos OYHKLMUIA, NOKa3biBaoLWmMX rae 6yaeT BbINONHATLCH (PYHKUMS U OTKyAA OHa MOXET ObiTb Bbl3BaHa
. cneum@ukaTopbl NepeMeHHbIX, 3aJatoLLme TN NamaT, UCNOoSb3yeMbI ANs JaHHOW NepeMeHHbIX
. OVMpeKTMBa, cnyxallas ans 3anycka sigpa, 3agatoLas kak JaHHble, Tak U uepapxuio HUTewn
. BCTPOEHHbIE NepeMeHHble, coaepKaLume MHPOPMaLMIO O TeKYLLER HUTU
. runtime, BKrnoYaLLKUiA B cebs AONONHUTENBHbIE TUMbI AaHHbIX
CneuundukaTopbl

Tabnuua 2. CneundmkaTopbl pyHkumii B CUDA.

| | I |
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__device__ device device
__global__ device host
__host host host

Mpwn atom cneundumkaTopbl __host__ n __device__ moryT 6biTb MCMOMb30BaHbI BMECTE (3TO 3HAYUT, YTO COOTBETCTBYIOLLAA PYHKLUST MOXET
BbINOSHATLCA Kak Ha GPU, Tak n Ha CPU - cooTtBeTcTBylOWMIA ko4 Ans obeux nnatcdopm GyaeT aBTOMaTMYECKU CreHEepUpoBaH KOMMUIISTOPOM).

Cneundmkatopbl __global__ 1 __host__ He mMoryT 6biTb MCNONBL30BaHbLI BMECTE.
CneuudukaTop __global__ o603HavaeT sapo 1 cooTBeTCTBYOLAas (PyHKLMS JOMKHA BO3BpaLlaTe 3Ha4eHue Tuna void.

__global__ void myKernel ( float * a, float * b, float * c )

{
int index = threadIdx.x;
c [i] = a [i] * b [i];
}
Ha dyHkumu, BeinonHsemble Ha GPU (__device__ n __global__) HaknagpeiBatoTcs cnegytowime orpaHu4eHns:
. Henb3s 6paTb nx agpec (3a nckniodeHmeM __global__ doyHkumin)
. He NnoAfepKMBaeTCs peKypcusi
. He noaaepxueatoTcs static-nepemeHHble BHYTPU pyHKUUK
. He NnoAAepXnBaeTcs NepeMeHHOE YUCIO BXOLAHbIX apryMEeHTOB
Ons 3agaHns pasmeweHns B namsm GPU nepemeHHbIX ucnonb3ylotcs criedytowme crneundukatopbl - __device_ , _ constant__ u

__shared__. Ha ux ncnonb3oBaHue Takke HaknagblBaeTca psg orpaHnuYeHun:

3TV cneumduUKaTopbl HE MOTYT ObiTb MPUMEHEHbI K NMONSAM CTPYKTYpbI (struct nnu union)

. COOTBETCTBYIOLLNE NEPEMEHHbBIE MOTYT UCMONB30BATLCS TOSBLKO B Mpeaeriax oaHoro darina, x Henb3a oGbABNsATL kak extern
. 3anuch B NepemMeHHble Thna __constant__ MoxeT ocyLiecTensATbes Tonbko CPU npu nomoLm cneumansHbiX YHKLMA
. __shared__ nepemeHHble He MOTYT UHMLMANM3NPOBaTLCS NPY 0GBbSABNEHUN

[Jo6aBneHHble NepeMeHHblIe

B s3bik fobaBneHbl cnegywuwme cneynarnbHble NepeMeHHble

. gridDim - pa3mep grid'a (umeet Tvn dim3)

. blockDim - pa3mep 6rioka (umeet Tun dim3)

. blockldx - nHpekc Tekywero 6rnoka B grid'e (vmeeT TMn uint3)
. threadldx - nHOoekc TekyLlen HUTK B Bnoke (umeeT TN uint3)
. warpSize - paamep warp'a (Mmeet Tvn int)

[do6aBneHHbIe TUNbI

B si3bik pobaenstotcs 1/2/3/4-mepHble BekTopa M3 6a3oBbix TMMoB - char1, char2, char3, char4, uchar1, uchar2, uchar3, uchar4, short1,
short2, short3, short4, ushort1, ushort2, ushort3, ushort4, int1, int2, int3, int4, uint1, uint2, uint3, uint4, long1, long2, long3, long4, ulong1,
ulong2, ulong3, ulong4, float1, float2, float3, float2, n double2.

OGpaLLI,eHVIe K KOMMNOHEHTaM BEKTOpa naeT no MMeHam - X, y, Z N w. ,D.J'Iﬂ Cco3aaHuA 3Ha‘-IeHVIIZ-BeKTOpOB 3aaHHOIo TUnNa CNy>XWUT KOHCTPYKUMA

Buaa make_<typeName>.

int2 a
float3 u

)

make_int2 (1,
(1

7);
make_float3 , 2, 3.4F );

ObpaTnute BHUMaHWe, 4YTO AN 3TMX TUMOB (B OTNMYMM OT LWenaepHbix s3blikoB GLSL/Cg/HLSL) He noppepvBaloTcs BEKTOPHbIE
NMOKOMMOHEHTHbIE OMepauun, T.e. HEMb3s NMPOCTO CMOXWTL ABa BEKTOpa Mpu NMomoLiy onepartopa "+" - 310 Heo6xoaMMO SIBHO Aenatb Ansl Kaxaoun

KOMMOHEHTHI.

Takke Ans 3agaHus pasmepHocTv cnyxuT Tin dim3, ocHoBaHHbLIM Ha Tune uint3, HO obnapawlMin HOpMarnbHbIM KOHCTPYKTOPOM,
MHULManNU3npyoLwmM Bce He 3aaHHble KOMMOHEHTbI eAMHULaMU.

OupekTuBa BbI3OoBa Aapa

[ns 3anycka sgpa Ha GPU ncnonb3yeTcs crnefytowas KOHCTPYKLUS:

kernelName <<<Dg,Db,Ns,S>>> (args )

3necb kernelName 3ato ums (agpec) cootBeTcTBylowen __global__ dyHkuun, Dg - nepemeHHas (unu 3HadveHne) Tuna dim3, 3agawowas
pa3mepHoCTb 1 pasmep grid'a (B 6nokax), Db - nepemeHHas (Mnu 3HadveHue) Tuna dim3, 3agatowas paamepHocTb U pa3mep 6rnoka (B HUTAX), Ns -
nepemMeHHasi (Mnu 3HavyeHune) una size_t, 3agatollas JONONHUTENBHBLIN 00beM shared-namsiTn, koTopasi 4OKHA ObITb AUHAMUYECKU BblaeneHa (K
yXe cTaTuyecku BblaerneHHown shared-namsitn), S - nepemeHHas (Mnu 3HadveHue) Tuna cudaStream_t 3agaet notok (CUDA stream), B KOTOPOM

AOJKeH I'IpOI/I3OI7ITI/I BbI30B, N0 YMOJTYaHUIO NCNONb3YEeTCA NOTOK 0. '~Iepe3 args 0603HaYeHbl aprymMmeHTbl Bbi30OBa beHKLl,I/IVI kernelName.

Takke B a3blk C gobaBneHa dyHkumsa __syncthreads, ocyuiecTersiowas CUHXPOHU3aUMIO Bcex HUTeN bnoka. YnpaeneHue un3 Hee byaet
BO3BpALLIEHO TOMbKO Toraa, korda Bce HUTU AaHHOro bnoka BeI30BYT 3Ty pyHKUMI0. T.e. Korga BeCb Ko, MAYLLWIA Nepes 3TUM BbI30BOM, YXKe BbIMOMHEH
(1, 3HauWMT, Ha ero pesynbsraTbl MOXHO CMENO paccyMTbiBaTh). OTa PYHKUMA O4eHb yAoOHasa Ans opraHusauun 6e3koHdnmnkTHown paboTsl ¢ shared-

NaMATbIO.

Tawke CUDA nognepxvBaeT Bce MatemMaTuyeckve OyHKUUN U3 cTaHgapTHow 6ubnunotekn C, ooHaKO C TOYKM 3peHust BbiCTpoaencTBMA nyylle
ncnonb3oBaTtb ux float-aHanorm (a He double) - Hanpumep sinf. Kpome atoro CUDA npegoctaBnsieT AOMOMHUTENbHbI HAabop MaTtematnyecknx

dyHKkumn (__sinf,__powfu 1.4.) obecneunBatoime 6oree H1U3Ky TOYHOCTb, HO 3aMeTHO Gonee Bbicokoe bbicTpoaencTame Yem sinf, powfu T.n.

OcHoBbl CUDA host API
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CUDA API gna CPU (host) BeicTynaeT B AByx dopmax - HudkoypoHeBsbln CUDA drievr APl n CUDA runtime API (peann3oBaHHbIN Yepe3

CUDA driver API). B ceoem npunoxeHun Bbl MoxeTe ucnonb3oBaTb TOMNbKO OAWMH U3 HUX, Aanee Mbl paccmoTpum CUDA runtime API, kak 6onee
NpOCTON 1 YAOGHBbIN.

Bce dyHkumn CUDA driver API HaunHatoTcsa ¢ npedmkca cu, a Bce yHkumm CUDA runtime API HaunHatoTcs ¢ npedumkca cuda. Kaxabin n3
atux API npegocTaBnsieT ocHoBHOW Habop 6a3oBbix yHKUMIA, Takux kak nepebop Bcex AocTynHbIX ycTpoictB (GPU), pabota ¢ KOHTEKCTaMu u
notokamm, pabota ¢ namsAteio GPU, B3aumopevicteme ¢ OpenGL 1 D3D (noaaepxmeaetcs Tonbko 9- Bepcus DirectX).

CUDA runtime API He TpebyeT sSiBHOW MHWLManNu3auum - oHa NpPOMCXOAWUT aBTOMATUYECKUM NMpU NepBOM Bbl30BE KakoW-NMOO ero gyHKUUu.
BaxHblM MoMeHTOM paboTtel ¢ CUDA siBnsieTca 10, 4To MHOrMe (yHKuun APl sSBNsiOTCA aCMHXPOHHBLIMK, T.e. yNpaeBneHne Bo3BpallaeTcs elle A0
peanbHOro 3aBepLueHust Tpebyemor onepaunu.

K HYMCNY aCUHXPOHHbIX onepaummn oTHOCATCA

. 3anyck siapa

. yHKLMM KONMPOBaHMSA NAMATU, UMEHa KOTOPbIX OKaH4MBatoTcs Ha Async
. YHKUMKN KONMPOBaHUs namsatu device <-> device

. hyHKUMM MHULMaNU3aLUmM NaMsTy.

CUDA nogaepXxmeaeT CUHXpOHU3auUmnto 4epes MNoToku (streams) - KaXgblN MOTOK 3a4aeT nocrneaoBaTenbHOCTb Onepaunii, BbIMOMHAEMbIX B

CTPOro onpeneneHHoOM nopsgke. I'Ipvl 9TOM NOPAAOK BbINOJIHEHNA onepaLuA|7| MeXAy pa3HbIMKU NOTOKaMU HE ABNAETCA CTPOro onpep,eneHHon N MOXeT
N3MEHATLCA.

Kaxpas cdyHkums CUDA API (kpome 3anycka sigpa) Bo3BpalliaeT 3HadeHue Tuna cudaError_t. Mpu ycnewHoM BbIMOMHEHUU DYHKLMK
BO3BpaLuaeTcs cudaSuccess, B MPOTMBHOM Cllydae BO3BpaLLaeTcs KOA OLIMOKM.

MonyunTe onncaHue owmnGKN B BUAE CTPOKM MO €€ Kody MOXHO Mpuy nomoLmn dyHKumu cudaGetErrorString:
char * cudaGetErrorString ( cudaError_t code );
Taioke MOXHO Nony4nTb KoA nocnegHen ownbku npy nomowm dyHkummn cudaGetlastError:

cudaError_t cudaGetLastError ();

ObpaTtnTe BHMUMaHUeE, YTO B CUITY aCUHXPOHHOCTU BbIMOMHEHUS MHOMMX BbI3OBOB, 41151 MOMYyYeHMs KOAa OLMOKM fyylle NCnonb30oBaTb OYHKLUMIO
cudaThreadSynchronize, koTopasi foxuaaeTcsl 3aBepLueHus BoinonHeHus Ha GPU Bcex nepegaHHbIX 3anpocoB M BO3BpallaeT owmnbKy, ecnvm ognH
13 3TUX 3anNpOCOB NPUBEN K OLLMGKE.

cudakError_t cudaThreadSynchronize ();
Pa6oTa c namatbio B CUDA

CambIM npocTbiM criocoboM BbiAeneHns 1 ocBoboXxaeHUst namsit (peyb MAeT UcknountenbHo o namstm GPU, npyuyem Tonbko NUHENHOW

namstu, gpyron Tun - CUDA-arrays 6yneT paccMOTpeH B creayloLlen cratbe) siBnsietcs ncnonb3oBaHve gyHkumii cudaMalloc, cudeMallocPitch n
cudaFree.

float * devPtr; // pointer to device memory
// allocate linear memory for 256 floats
cudaMalloc ( (void **)&devPtr, 256*sizeof(float) );

cudaFree ( devPtr ); // free device memory

[na BblgeneHus namstv nod AByXMepHble MmaccuBbl Gonee noaxopsiien sensietcs dyHkums cudeMallocPitch, kotopasi ocyuwiecTensiet
BblpaBHUBaHWE (MyTemM AOOaBNEHUs K KaXXOoW CTPOKe OOMOMHUTENBHOWM) CTPOK MaccuBa aAnsa 6onee adheKkTMBHOMO Aoctyna kK namsitn. [Npu 3tom B
napameTpe pitch Bo3BpallaeTcs pasMep CTPOkU B GanTax.

float * devPtr; // pointer to device memory
int pitch; // size of row in bytes

// allocate linear memory for width*height 2D array of floats
cudaMallocPitch ( (void **)&devPtr, &pitch, width*sizeof(float), height );

cudaFree ( devPtr ); // free device memory

B npuBegeHHOM dparmMeHTe koda ocyLlecTenseTcs BblaeneHne namatv Ha GPU noa AByxmepHbI maccus 3 floafos pasmepom width n height.
OneMeHT ¢ nHaekcoMm [col,row] ByaeT HaxoAMTbCSA Mo cMelleHuto col*sizeof(float)+row*pitch.
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Puc 3. BblpaBHVIBaHVIe ABYXMEPHbIX MacCMBOB B NAMATU.

PaccmoTpeHHble Bbile hyHKUMM yNpaBnsoT BoligeneHnem namstn Ha GPU, k kotopon CPU He nmeeT HenocpeactBeHHoro goctyna. lNoatomy
API npepocTtaBnseT hyHKLUM KONMPOBaHWS NamsiTi, KOTopble NO3BOMSIOT KONMMPOBaThk NamsiTb kak Mexay CPU n GPU, Tak n B npegenax GPU.

cudaError_t cudaMemcpy ( void * dst, const void * src, size_t count, enum cudaMemcpyKind kind );
cudaError_t cudaMemcpyAsync ( void * dst, const void * src, size_t count, enum cudaMemcpyKind kind, cudaStream_t stream );

3peck aprymeHTbl dst u src 3aaaloT agpeca Kyaa v oTkyaa HeobxoavMo Npon3BecTy KONMpoBaHWe NaMsaT, NapameTp count 3aAaeT KOM4ecTBo
6anT namatn, koTopoe HeobxoaMMO nepenucaTb.

lMapametp kind 3apaeT TMN KONMPOBaHUA MaMATM W NPUHUMAET OAHO W3  crepyllwmx 3HaveHun - cudaMemcpyHostToHost,
cudaMemcpyHostToDevice, cudaMemcpyDevice ToHost u cudaMemcpyDevice ToDevice.

Ucnonb3oBaHue event'oB Ansa cuHxpoHusauum Ha CPU

[nsi otcnexwuBaHus BoinonHeHus koga Ha GPU B CUDA ucnonb3ytotcs event'sl (aHanormuHble fence'obbekrtam B pacwmpennn NV_fence). Ans
paboTbl ¢ HUMK cnyxaT crneaytoLume OyHKLUK.

cudaError_t cudaEventCreate ( cudaEvent_t * event );
cudakError_t cudaEventRecord ( cudatEvent_t event, CUstream stream );
cudaError_t cudaEventQuery ( cudaEvent_t event );

cudaError_t cudaEventSynchronize ( cudaEvent_t event );
cudaError_t cudaEventElapsedTime ( float * time, cudaEvent_t startEvent, cudaEvent_t stopEvent );
cudaError_t cudaEventDestroy ( cudaEvent_t event );

®yHkuuun cudaEventCreate n cudaEventDestroy cnyxaT Ans Co3gaHue n yHU4ToxeHusi eventos.

®yHKuma cudaEventRecord cnyxuTt ana 3afaHus Mecta, NPoXoXaeHWe KOTOpOoro AOMKEH CUIHanNU3npoBaTh AaHHbIN event. Ecnn napameTp
stream He paBeH Hyrmio, TO OTCNEXUBAETCS TONLKO 3aBepLUEHME BbINOTHEHUS BCex onepauuii B saHHOM notoke. ObpaTtuTe BHUMAHUWE, YTO 3TOT 3anpoc
ABMNSIETCA aCMHXPOHHbBIM - OH (haKTUYECKM TOSIbKO 0603Ha4YaeT MECTO B MOTOKE KOMaHA, MPOXOXAEHWE KOTOPOro NoToM GyaeT 3anpalumBaThes.

®yHkumA cudaEventQuery BbINONHAET MIHOBEHHYIO MPOBEPKY "MPOXOXAEHMS" AaHHOIO eventa - ynpasneHne 13 Hee cpasy e Bo3BpallaeTcs.
B cnyuyae, ecnu Bce onepauuu, npepllecTBylolne AaHHOMy eventy Gbinu 3akOHYeHbl, TO BO3BpalLaeTcs cudaSuccess, UHave BO3BpallaeTcs
3HayeHune cudaErrorNotReady.

fABHaa cCMHXpOHM3auus, T.e. OXuMAaHMe Moka BCce onepauuMu Ansi gaHHoro eventa He OygyT 3aBeplueHbl, obecneuyvBaeTcs KOMaHOOW
cudaEventSynchronize.

Mpu nomowm dyHkumn cudaEventElapsedTime MOXHO y3HaTb BpeMs B MUIIIMCEKYHAAX (C TOYHOCTbIO A0 MOMOBWMHbLI MUKPOCEKYHAbI),
npoweliee Mexay AaHHbIMU evenfamu (Mexay MOMEHTaMU, Korda Kaxablii n3 atnx eventos 6bin "3anucan").

Hwxe npueoanTcs hparMeHT kKofa, 3anyckawLwuii Sapo Ha 06paboTKy AaHHbIX, U 3aMePSALLMX 3aTpayeHHoe Ha 06paboTKy BpeMs.

cudakEventCreate ( &start );
cudaEventCreate ( &stop );

// asynchronously issue work to the GPU (all to stream 9)
cudaEventRecord ( start, 0 );

// call a kernel on data
incKernel<t;<<blocks, threads>>>(dev);

// get data back
cudaEventRecord ( stop, 0 );

// force synchronization
cudaEventSynchronize ( stop );
cudaEventElapsedTime ( &gpuTime, start, stop );

// print the cpu and gpu times
printf("time spent executing by the GPU: %.2f milliseconds\n", gpuTime );

MonyyeHue nHdopmaummn 06 nmerowmnxca GPU n nx BoO3MOXKHOCTAX.

CUDA runtime API npegocTtaBnsieT npoctoi cnocob nony4nts MHgpopmauuio o6 umetowmxest GPU, kotopble MoryT 6bi1Tb ncnonb3osaHsl CUDA,
1 060 BCcex Mx BO3MOXHOCTsX. MHhopmaLmsa o BoaMoxHocTsax GPU Bo3BpallaeTcs B Buae cTpyktypbl cudaDeviceProp.

http://steps3d.narod.ru/tutorials/cuda-tutorial .html 6/13


http://steps3d.narod.ru/tutorials/nv-fence-tutorial.html

28.03.2016

struct cudaDeviceProp

{
char  name[256];
size_t totalGlobalMem;
size_t sharedMemPerBlock;
int regsPerBlock;
int warpSize;
size_t memPitch;
int maxThreadsPerBlock;
int maxThreadsDim [3];
int maxGridSize [31;
size_t totalConstMem;
int major;
int minor;
int clockRate;
size_t textureAlignment;
int deviceOverlap;
int multiProcessorCount;

}

steps3D - Tutorials - OcHoBbl CUDA

[na o6o3HaveHne Bo3moxHocTen CUDA ucnonbayeT noHstue Compute Capability, BoipaxxaeMoe napoii uncen - major.minor. MNepBoe yncno
obo3HavaeT rmobanbHyl apxMTEKTYpHYl0 Bepcuto, BTopoe - Hebornbline nameHeHue. Tak GPU GeForce 8800 Ultra/GTX/GTS umetor Compute
Capability paBHyto 1.0, GPU GeForce 8800 GT/GS n GeForce 9600 GT umetor Compute Capability pasHyto 1.1, GPU GeForce GTX 260 n GeForce

GTX 280 nmetot Compute Capability paBhyto 1.3.

Compute Capability 1.1 nogaepxveaeT aTomapHble onepaunv Hag 32-6uTtoBbiMu crioBamu B rmobanbHown namsatn, Compute Capability 1.2
nopAepXvBaeT aToMapHble onepauun B shared-namsatn u atoMapHble onepauun Hag 64-6uTtoBbiMM crnoBamu B rmobanbHon namstu, Compute
Capability 1.3 nopaepxvBaeT onepauumm Hag umcnamu tmna double.

Hwke NpnBOAMTCS MCXOOHbIN TEKCT NPOCTON Mporpammel, nepeuncnsiowen sce octynHbie GPU 1 nx 0OCHOBHbIE BO3MOXHOCTU.

#include <stdio.h>

int main ( int argc, char * argv [] )
{
int deviceCount;
cudaDeviceProp devProp; OTKJIOYNTD PEKﬂAMy
w2 L
cudaGetDeviceCount ( &deviceCount ); E l i “
printf ( "Found %d devices\n", deviceCount ); w = .
for ( int device = @; device < deviceCount; device++ )
{ Renault SANDERO
cudaGetDeviceProperties ( &devProp, device ); E;tEEIJ\ﬂfEiSf
printf ( "Device %d\n", device );
printf ( "Compute capability : %d.%d\n", devProp.major, devProp.minor ); 579 990 P.
printf ( "Name : %s\n", devProp.name ); o7
printf ( "Total Global Memory : %d\n", devProp.totalGlobalMem );
printf ( "Shared memory per block: %d\n", devProp.sharedMemPerBlock );
printf ( "Registers per block : %d\n", devProp.regsPerBlock );
printf ( "Warp size : %d\n", devProp.warpSize );
printf ( "Max threads per block : %d\n", devProp.maxThreadsPerBlock );
printf ( "Total constant memory : %d\n", devProp.totalConstMem );
s}
return 0;
}
Mpumepbl ucnonb3oBaHusa CUDA
PaccmoTpuM HecKkomnbKo NpoCTbiX NpumMepoB ucrnonb3oBaHuss CUDA, e MOHCTPUPYIOLLUX OCHOBHbIE
npuMepom GyAeT NMPOCToe YBENUYEHNE KaXIO0r0 3eMeHTa O/HOMEPHONO MaccuBa Ha eAMHULY - MporpaMM el A
prs . Tl
#include <stdio.h> CO3D.AT|3 CAMT

__global__ void incKernel ( float * data )
{

int idx =

data [idx] = data [idx] + 1.0f;
}

int main ( int argc, char *

{

argv [])

int n
int numBytes

16 * 1024 * 1024;
n * sizeof ( float );

// allocate host memory

float * a = new float [n];
for ( int i
a [i] =

=0; i< n; i++ )
0.0f;

http://steps3d.narod.ru/tutorials/cuda-tutorial .html
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// allocate device memory
float * dev = NULL;

cudaMalloc ( (void**)&dev, numBytes );
// set kernel launch configuration

dim3 threads = dim3(512, 1);
dim3 blocks = dim3(n / threads.x, 1);

// create cuda event handles
cudaEvent_t start, stop;
float gpuTime = @.0f;

cudaEventCreate ( &start );
cudaEventCreate ( &stop );

// asynchronously issue work to the GPU (all to stream ©)
cudaEventRecord ( start, 0 );
cudaMemcpy ( dev, a, numBytes, cudaMemcpyHostToDevice );
incKernel<<<blocks, threads>>>(dev);

cudaMemcpy ( a, dev, numBytes, cudaMemcpyDeviceToHost );
cudaEventRecord ( stop, 0 );

cudaEventSynchronize ( stop );
cudakEventElapsedTime ( &gpuTime, start, stop );

// print the cpu and gpu times
printf(“time spent executing by the GPU: %.2f millseconds\n", gpuTime );

// check the output for correctness
printf("------mm e - \n");

for (int 1 = 0; i < n; i++ )
if (a [1i] != 1.0f )
{

printf ( "Error in pos %d, %f\n", i, a [i] );
break;

}

// release resources
cudaEventDestroy ( start );
cudaEventDestroy ( stop );
cudaFree ( dev );

delete a;

return 0;

[MpoLye BCcero ycTpoeHo AP0 - Kaxgon HUTU COOTBETCTBYET OA4Ha HUTb, 6rokn n grid ogHomMepHbl. Agpo (pyHKums incKernel) Ha Bxog nonyyaeT
TONMbKO ykasaTenb Ha MaccuB C AaHHbIMU B rmobanbHou namstv. 3agada sgpa - no threadldx v blockldx onpenenuTb kakol UMEHHO 3MEMEeHT
COOTBETCTBYET 4AHHOW HUTU U YBENUYNTE UMEHHO €r0.

Mockonbky 1 Brnoku n grid ogHOMEpPHbI, TO HOMEpP HUTK ByAET onpeaensaTcs kak HoMep 6rnoka, YMHOXEHHbIW Ha KONMUYecTBO HUTEN B Grioke,
Nrc HOMep HUTU BHYTPUM Bnoka, T.e. blockldx.x * blockDim.x + threadldx.x.

®PyHKUMA main HeCKONbKO CNoXHee - OHa AOIMKHA MOAroToBUTL MaccuB C AaHHbIMKM B namstm CPU, nocne 31oro Heo6xoAMMo npu nMoMoLLm
cudaMalloc BblgenUTe NaMsATb Mo KOMMIO MaccMBa ¢ AaHHbIMM B rmobanbHow namstu (DRAM GPU). Oanee paHHble KONMPYHOTCS (QYHKUMEN
cudaMemcpy n3 namsitu CPU k rmobanbHyto namste GPU.

Mocne OKOHYaHWSA KOMMPOBaHWA AaHHble B rMobanbHyl0 MamMsTb MOXHO 3anycTuTb SApo Ans obpaboTku AaHHbIX M MOCne ero Bbl30Ba
CKOMMpOBaTb pe3ynbTaThbl BbluncneHni obpatHo ns rmobansHon namatm GPU B namsats CPU.

Taioke B 3TOM MpUMEPE NPOU3BOAWTCS 3aMep 3aTPayYeHHOro Ha KOMMPOBaHWE U BbIYMCIEHWSI BPEMEHW U MPOBEPSIETCH KOPPEKTHOCTb
nonyyeHHoro peaynerata. MNocne atoro ocBo6oXxgaeTcs BCs BolAeNeHHas NaMsiTb.

MepemHOXeHMe ABYX MaTpuL - NPOCTEALNIA NOAXO0A,

Cnegywowmii npumep 6yaeT crnoxHee (M akTyanbHee) - Mbl paccMoTpuM ncnonb3oBaHme CUDA ans nepeMHOXeHUs1 AByX KBagpaTHbIX MaTpuL,
pasmepa N*N.

MycTb y Hac ecTb ABe kBagpaTtHble MaTpuubl A n B pasmepa N*N (bygem cuntaTb, yto N kpatHo 16). MpocTeiwnii BapMaHT ncnonb3yeT no
OLHOW HUTU Ha Kaxabli 3aNeMeHT nonydarowenca matpuubl C, Npy 3TOM HUTb U3BMEKaeT Bce HeobxoauMble arneMeHTbl U3 rmobanbHOW NamsaTn u
npoun3eoauT TpebyeMble BblYMCIEHUS.

OnemeHT Ci,j npoun3eeaneHna OByx MmaTpul A v B Bbluncnsetca cnegywowmm q:)parMeHTOM ncesgokopa:

c [i][j] = o
for k in @..N-1:
c [i]1[j]1 += a [il[k] * b [kI[]]

Tem cambIM AN BbIYMCIEHUSA OQHOTO 3reMeHTa NPOU3BEAEHMUS MATPUL, HYXXHO BbINONHUTE 2*N apudmeTtudeckmx onepaumin u 2*N yteHuin ns
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rmobanbHon namsatu. MNMOHATHO, YTO B JAHHOM Crydae OCHOBHbIM NMMUTUPYIOLLMM (PaKTOPOM SIBMSIETCA CKOPOCTb AOCTyna K rmobanbHou namsiru,
KkoTopas BecbMa Hu3ka. Kakum obpa3om oTaenbHble HUTW TPYNMUpyloTcs B GIOKM He BaXHO W He OKa3blBaeT 3HAYUTENbHOMO BIUSHUSA Ha
HbicTpOAENCTBME, KOTOPOE B J@aHHOM Clly4ae OKa3biBaeTCs BeCbMa HEBbICOKUM.

Hwxe NpUBOANTCS NINCTUHT COOTBETCTBYHOLLIEW MPOrPaMMbI.

#include <stdio.h>

#tdefine BLOCK_SIZE 16 // submatrix size
#tdefine N 1024 // matrix size is N*N

__global__ void matMult ( float * a, float * b, int n, float * c )

{
int  bx = blockIdx.x; // block index
int by = blockIdx.y;
int  tx = threadIdx.x; // thread index
int ty = threadIdx.y;
float sum = 0.0f; // computed subelement
int ia = n * BLOCK_SIZE * by + n * ty; // a [i][e@]
int ib = BLOCK_SIZE * bx + tx;
// Multiply the two matrices together;
for ( int k = ©; k < n; k++ )
sum += a [ia + k] * b [ib + k*n];
// Write the block sub-matrix to global memory;
// each thread writes one element
int ic = n * BLOCK_SIZE * by + BLOCK_SIZE * bx;
c [ic + n * ty + tx] = sum;
}

int main ( int argc, char * argv [] )
int numBytes = N * N * sizeof ( float );

// allocate host memory
float * a = new float [N*N];
float * b = new float [N*N];
float * ¢ = new float [N*N];

for (int 1 = 0; i < N; i++ )
for ( int j = 0; j < N; j++ )

{
int k = N*i + j;
a [k] = @.ef;
b [k] = 1.0f;
}
// allocate device memory
float * adev = NULL;
float * bdev = NULL;
float * cdev = NULL;

cudaMalloc ( (void**)&adev, numBytes );
cudaMalloc ( (void**)&bdev, numBytes );
cudaMalloc ( (void**)&cdev, numBytes );

// set kernel launch configuration
dim3 threads ( BLOCK_SIZE, BLOCK_SIZE );
dim3 blocks ( N / threads.x, N / threads.y);

// create cuda event handles
cudaEvent_t start, stop;
float gpuTime = @.0f;

cudaEventCreate ( &start );
cudaEventCreate ( &stop );

// asynchronously issue work to the GPU (all to stream 9)
cudakEventRecord ( start, © );
cudaMemcpy ( adev, a, numBytes, cudaMemcpyHostToDevice );
cudaMemcpy ( bdev, b, numBytes, cudaMemcpyHostToDevice );

matMult<<<blocks, threads>>> ( adev, bdev, N, cdev );

cudaMemcpy ( c, cdev, numBytes, cudaMemcpyDeviceToHost );
cudaEventRecord ( stop, 0 );

cudaEventSynchronize ( stop );
cudakEventElapsedTime ( &gpuTime, start, stop );

// print the cpu and gpu times
printf("time spent executing by the GPU: %.2f millseconds\n", gpuTime );
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// release resources
cudaEventDestroy ( start );
cudaEventDestroy ( stop H
cudaFree ( adev );
cudaFree ( bdev );
cudaFree ( cdev );

delete a;
delete b;
delete c;

return 0;

nepeMHO)KeHVIe ABYX MaTpuy C ucnonb3oBaHnem shared-namsaTn

MoXxHO 3ameTHO MOBbICUTb ObICTPOAENCTBME HalwelW nporpaMmbl 3@ CHET WUCMOMb3oBaHuA shared-namstn. [na atoro pas3obbem
pes3ynsTMpyoLwyo MaTpuubl Ha noamaTpuubl 16*16, BeluMCNeHMeM Kaxaon Takon nogmaTpuubl byaet saHuMaTbes oguH 6nok. Obpatute BHMMaHwue,
YTO ANS BbIYMCIIEHUSA TaKON NOAMATPULIbI HYXHbI TONbKO Hebonblune "nonockl” matpuy A u B (cm. puc. 4).

B

Puc 4. Yactm matpuy A n B, ucnonbsyemble Ans BolumMcneHus nogmatpuusl C.

K coxxaneHuto uennkom konmposaTb 3Tn "nonockl” B shared-namsaTb NpakTMYecku HepeanbHO U3-3a [OBOMbHO Hebornblioro obbema shared-
namstv. [oaToMy MOXHO MOCTYMUTb ApyrMM obpasom - pas3obbeM 3T "nonockl" Ha mMaTpuubl 1616 M BblYMCNEHWE NoaMaTpuLbl NPOM3BeaeHNUs
maTtpuy 6yaem nposoanTs B N/16 waros.

[Ons atoro obpatMm BHUMaHWe, 4TO pac4eT afemMeHTa Cjj MOXHO Mepenucatb criedylowmnm obpasom, ucronbsys pasbueHne nonoc Ha
KBagpaTHble MoaMaTpULibl

c [i][j] = e
for step in 0..N/16:
for k in @..16:
c [i][j] += a [i][k+step*16] * b [k+step*16][]j]

O6patnte BHMMaHue, YTO ANs Kax[oro 3HavyeHus step 3HaveHus n3 matpuu A n B 6epyTca ns asyx nogmatpuu pasmepom 16*16. daktmyeckn

nonockl ¢ puc. 4 NPoCTo nofeneHbl Ha KBagpaTHble NOAMATPULIbI U KaXKOoMy 3Ha4YeHUIo Step COOTBETCTBYET MO OAHOW Takow nogmatpuue A n ogHow
nogmatpuue B (cm. puc. 5).
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5. Pa3zbueHune nonoc matpuu A n B Ha nogmaTpuubl 16*16.

Ha kaxgom ware 6yaem 3arpyxatb B shared-namsitb no ogHou 16*16 nogmatpuue A n ogHoi 16*16 nogmatpuue B. [anee 6ygem BblYMCnsT

COOTBETCTBYIOLLYIO UM CYMMY A51si SNeMEHTOB NPOoM3BeeHNS, NOTOM 3arpyxaem cnegytowme 16*16-nogmatpuubl 1 T.4.

[Mpw 3TOM Ha KaXaoMm Liare ogHa HUTb 3arpy>xaet poBHO Mo o AHOMY 3NeMeHTy N3 Kaxxgon ns matpuy A n B v Beluncnset COOTBETCTBYHOLLYIO UM
CyMMY YIneHOoB. o OKOHYaHMKM BCEX BbIYUCTIEHNIA Npon3BOANTCA 3anUCb ANeMeHTa B UTOTOBYHO MaTpuLly.

Obpatnte BHMMaHMe, 4YTO NOcre 3arpy3ku dNemMeHTOB U3 A U B Hy>HO BbINOSIHUTb CUHXPOHM3aLMI0 HUTEN Npy NOMOLLM Bbi30Ba __synchronize
Ans Toro, 4tobbl K MOMEHTY Hayana pacyeToB BCE HYXHble areMeHTbl (3arpyaemble ocTanbHbIMU HUTAMU Brioka) 6binn 6bl yxke 3arpyxeHbl. TOYHO
TakKe Mo OKOHYaHUM 0BpaboTKM 3arpyXeHHbIX NoAMATPUL, U nepes 3arpy3kon CneaylolMX Takke HyXHa CMHXpOHU3auus (4Tobbl ybeamTest 4to
Tekywue 16*16 nogmatpuubl 6onblue He HY>XXHO U MOXHO 3arpyxaTtb HOBbI€).

Hwuxe npuneogunTCA COOTBeTCTBy}OLLWIVI VNCXOAHbIV KOA,.

#include

#tdefine
#tdefine

__global__

{
int
int
int
int
int
int
int
int

int
floa

for

{

http://steps3d

<stdio.h>
BLOCK_SIZE 16 // submatrix size
N 1024 // matrix size is N*N
void matMult ( float * a, float * b, int n, float * c )
bx = blockIdx.x; // block index
by = blockIdx.y;
tx = threadIdx.x; // thread index
ty = threadIdx.y;
// Index of the first sub-matrix of A processed by the block
aBegin = n * BLOCK_SIZE * by;

aEnd = aBegin + n - 1;

// Step size used to iterate through the sub-matrices of A
aStep = BLOCK_SIZE;

// Index of the first sub-matrix of B processed by the block
bBegin = BLOCK_SIZE * bx;

// Step size used to iterate through the sub-matrices of B

bStep = BLOCK_SIZE * n;
t sum = @.0f; // computed subelement
( int ia = aBegin, ib = bBegin; ia <= aEnd; ia += aStep, ib += bStep )

// Shared memory for the sub-matrix of A
_ shared__ float as [BLOCK_SIZE][BLOCK_SIZE];

// Shared memory for the sub-matrix of B
__shared__ float bs [BLOCK_SIZE][BLOCK_SIZE];

// Load the matrices from global memory to shared memory;
as [ty][tx] = a [ia + n * ty + tx];
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bs [ty][tx] = b [ib + n * ty + tx];

__syncthreads(); // Synchronize to make sure the matrices are loaded

// Multiply the two matrices together;
for ( int k = @; k < BLOCK_SIZE; k++ )
sum += as [ty][k] * bs [k][tx];

// Synchronize to make sure that the preceding

// computation is done before loading two new

// sub-matrices of A and B in the next iteration
__syncthreads();

// Write the block sub-matrix to global memory;
// each thread writes one element
int ic = n * BLOCK_SIZE * by + BLOCK_SIZE * bx;

c [ic + n * ty + tx] = sum;

int main ( int argc, char * argv [] )
int numBytes = N * N * sizeof ( float );

// allocate host memory
float * a = new float [N*N];
float * b = new float [N*N];
float * ¢ = new float [N*N];

for (int 1 = 0; i < N; i++ )
for (int j = ©; j < N; j++ )
{
a [i] = e@.eof;
b [i] = 1.ef;

// allocate device memory
float * adev = NULL;
float * bdev = NULL;
float * cdev = NULL;

cudaMalloc ( (void**)&adev, numBytes );
cudaMalloc ( (void**)&bdev, numBytes );
cudaMalloc ( (void**)&cdev, numBytes );

// set kernel launch configuration
dim3 threads ( BLOCK_SIZE, BLOCK_SIZE );
dim3 blocks ( N / threads.x, N / threads.y);

// create cuda event handles
cudaEvent_t start, stop;
float gpuTime = @.0f;

cudaEventCreate ( &start );
cudaEventCreate ( &stop );

// asynchronously issue work to the GPU (all to stream 0)
cudaEventRecord ( start, 0 );
cudaMemcpy ( adev, a, numBytes, cudaMemcpyHostToDevice );
cudaMemcpy ( bdev, b, numBytes, cudaMemcpyHostToDevice );

matMult<<<blocks, threads>>> ( adev, bdev, N, cdev );

cudaMemcpy ( ¢, cdev, numBytes, cudaMemcpyDeviceToHost );
cudaEventRecord ( stop, © );

cudaEventSynchronize ( stop );
cudaEventElapsedTime ( &gpuTime, start, stop );

// print the cpu and gpu times
printf(“"time spent executing by the GPU: %.2f millseconds\n", gpuTime );

// release resources
cudaEventDestroy ( start );
cudaEventDestroy ( stop );

cudaFree ( adev );
cudaFree ( bdev );
cudaFree ( cdev );
delete a;
delete b;
delete c;
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return 0;
Tenepb ANs BbIYACIIEHNSI OOHOTO arieMeHTa NPoM3BeAeHNss MaTPUL, HaM HYXHO Bcero 2*N/16 yteHuit n3 rmobansHon namatn. W no pesynsratam
cpasy BUOHO 3a CHET UCMONb30oBaHUA shared-namMsATn HaMm yaanoch NogHATL GbicTpoaencTBme bonee Yem Ha NOPSAOK.

B cnepnytoweii ctatbe byaeT paccMoTpeHa paboTa ¢ Tekctypamm n OpenGL, a Takke 6yayT paccMoTpeHbl ocHOBbI apxuTekTypbl GPU G80 u To,
Kak oHM cooTHocsTes ¢ CUDA.

Taike nnaHuMpyeTcs TpeTbs CTaTbsl, NOCBSALLEHHAs OMTUMU3aumm 1 ncnonb3osaHuio 6udnmotek CUBLAS n CUFFT.

Mo 3TOM CChINKe MOXHO CKayaTb BECb UCXOAHbIN KOA K 9TON CTaTbe.
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