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__constant__ float contsData [256]; // xoncranTHas namars GPU
float hostData [256]; // nannme B namatu CPU

// CxommpoBaTh HOaHHHE M3 namsaTu CPU B KOHCTAHTHy naMaTb GPU
cudaMemcpyToSymbol(constData, hostData,
sizeof(data), 0, cudaMemcpyHostToDevice);

ITockonbKy KOHCTaHTHAsA NMAMATh KIIIHPYETCs, TO OHA MOAXOMHT IJIA pa3sMEIICHHS
HeOOJIBIIOro 00beMa 9acT0 HCIOJB3YEMBIX HEM3MEHSEMBIX JaHHEIX, KOTOPHIE JODKHBI
OBbITH JOCTYIIHEI BCEM HHUTAM. JIONOJHATEIHHO B yCTPOHCTBax ¢ compute capability 2.x
JOCTYITHO aHAJIOTHYHOE KOHCTAHTHOH MaMATH KAIIMPOBaHHE IMPOH3BOIBHOIO yd4acTKa
mobansHoi mamaTH (MHCTPYKHs LDU wmm LoaD Uniform). {anusni pexxum Oyner
aBTOMAaTHYECKH aKTHBHPOBaH IPH 3alpoce TONBKO I YTEHHS IO anpecy MaMsTH, He

3aBHCALIIEMY OT HHACKCA HUTH.

__global__ void kernel( float *g_dst, const float *g_src )

{
g dst = g_src[0]; // He =3aBMCUT OT MHIOekca HuTu -> uniform load
g_dst = g_src[blockIdx.x]; // He BaBMCUT OT MHIOeKkca HuUTM -> uniform load
g_dst = g_src[threadIdx.x]; // 3aBucur or mHmekca -> non-uniform

|

3.2. Nob6anbHas naMaTb

OcHoBHy10 9acTb DRAM GPU 3anumaer nro6ansHas namatb. [Ipn xoppekTHoii pa-
60Te s1/1ep JMHAMHYECKH BEIIE/ICHHAA [I00aIbHAs TAMSATEH COXPaHsET LEJIOCTHOCTD AaH-
HBEIX Ha MPOTSHKSHHUH BCEr0 BPEMEHH JKU3HHU NMPUIIOKEHHUS, 9TO, B JACTHOCTH, O3BOJIAET
HCTIONB30BaTh €€ KaKk OCHOBHOE XpaHMWIHIIE I Iepeadn JAaHHBIX MEXIy HECKOIbKH-
MH SpaMH.

I'mobGansHas maMATh MOXKET OBITH BEIAENIEHA KaK CTATHYECKH, TaK M JHHAMHUICCKH.
JuHaMugeckoe BRIIEIEHHE H OCBOOOX IeHHE IMT00aIBHON TaAMATH B KOAE XOCTa IIPOU3-
BOJIMTCS TIPH IIOMOIIH CJIEAYIONIUX BEI30BOB:

cudaError_t cudaMalloc(void #** devPtr, size_t size);
cudaError_t cudaFree(void * devPtr);

cudakError_t cudaMallocPitch(void *x devPtr, size_t * pitch,
size_t width, size_t height);
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C nosenenueM device-¢pynkuuit malloc u free B CUDA 3.2, Ha GPU ¢ compute
capability 2.0 1 BeIIIe IMHAMHYECKOE BRIICIIEHHE H OCBOOOKICHHE ITTO0AIBHOH IAMATH
BO3MOYKHO HE TOJIBKO B XOCT-Kozie HO U B kofe CUDA-saapa. OHako Opu 5TOM AHHAMH-
4eCKOE BRIICTICHHE IPOUCXOAMT JIUII OTHOCUTEIBHO HUTEH AApa, TOr[a KaK OOt myi
MaMATH MOJ 5TH aJUTOKAIlNH BEIAENAETCA 3apaHee. Pasmep myna MoxeT OBITh yCTaHOB-
JieH BEI30BOM ¢yHkumu cudaLimitMallocHeapSize wim no yMmomdanuio pased § M6. B
cneayiomem npumepe aBa CUDA-s1pa BEIAENAIOT ¥ OCBOO0XKAAIOT MIO0AIBHYIO HAMATh
GPU:

#include <stdio.h>
#include <stdlib.h>

.

__global_  void mass_malloc(void** ptrs, size_t size)

{

ptrs[threadIdx.x] = malloc(size);

}

__global__ void mass_free(void** ptrs)

{
}

free(ptrs[threadIdx.x]);

int main(int argc, charx argv(])
{
if (argc != 3)
{
printf("Usage: %s <nthreads> <size>\n", argv[0]);
return 0;

int nthreads = atoi(argv[1]);
size_t size = atoi(argv[2]);

// YCTaHOBMUTH pasMep Mnyna. 3TO OEMCTBME NOJIXHO OHTH
// BHIIONHEHO OO 3amycka Kakux-aubo smep.
cudaDeviceSetLimit(cudaLimitMallocHeapSize, 16 * 1024 x 1024);

void#* ptrs; cudaMallocHost(&ptrs, sizeof(void*) #* nthreads);
memset(ptrs, 0, sizeof(void*) * nthreads);
mass_malloc<<<l, nthreads>>>{trs, size);
cudaDeviceSynchronize();
for (int i = 0; i < nthreads; i++)

printf("Thread %d got pointer: %$p\n", i, ptrs[i]);
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mass_free<<<l, nthreads>>>(trs);
cudaDeviceSynchronize() ;
cudaFreeHost(ptrs);

return 0;

$ ./device_malloc_test 8 24

Thread 0 got pointer: 0x2013ffb20
Thread 1 got pointer: 0x2013ffb70
Thread 2 got pointer: 0x2013ffbc0
Thread 3 got pointer: 0x2013ffcl0
Thread 4 got pointer: 0x2013ffc60
Thread 5 got pointer: 0x2013ffcb0
Thread 6 got pointer: 0x2013f£fd00
Thread 7 got pointer: 0x2013f£fd50

I'mo6anbHas nepeMeHHast MOXKET OBITH OObABIEHAa CTATUYECKH NIPU ITOMOIIH aTpH-
OyTta __device__. B 3ToM citydae mamMaTh OyAeT BRIAEIEHA P HHAMAIA3AIHUA MOILYIIA
¢ CUDA-siagpamMu ¥ 1aHHBIMH (B 3aBHCHMOCTH OT CHOC00a 3arpy3KH, B MOMEHT CTap-
Ta IPHJIOKSHUA WK NIpH BeI30Be cuModuleLoad). B cnemyromeM npuMepe yTHIIATA nm
TOKa3BIBAET, 9TO B 00HEKTHOM HpecTaBieHuH cubin (aBomansiii ¢aiin CUDA-monyns),
mI00aTbHBIE JaHHBIE Pa3MEMIAlOTCA TAKHM ke 00pa3oM kak Ha CPU: “B” — HenHMIMamm-
3UpOBaHHAA epeMeHHad, “D” — HHUIHaM3HUpOBaHHAs EpeMeHHas, “R” — Toibko s
greHus. OTINIHe )K€ COCTOHT B TOM, 9TO B cubin CTAaTHYECKHE IEPEMEHHEIE HE CTAHOBAT-
Cs1 IPUBAaTHBIMH (COOTBETCTBYIOMINE JIUTEPE! B HIDKHEM f)emcrpe) H He IEKOPUPYIOTCA.
IIpaBriia BHIMMOCTH HE HMEIOT CMBICIIa, MOCKoIbKY B CUDA oTCyTCTBYeET TMHKOBKA, U
Bce CUDA-00B€KTHI IO/DKHEI OBITH CAMOAOCTATOYHBIMH, 0€3 BHEIIHHX 3aBHCHMOCTEH.
__device _ float vall;

__device _ float val2 = 1.0f;
__device__ const float val3 = 2.0f;

__constant__ float val_pi = 3.14;
__device_ static float val4;

__global-_ void kernel(float* val5)

{

if (!threadIdx.x && !blockIdx.x)

{

val4 = sin(vall + val2 * val3 + val pi);
*valb = vald;
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$ nvcc —keep —c test.cu

$ nm test.sm_10.cubin | grep val
| 0000000000000004 B vall
0000000000000004 D val2
0000000000000000 D val3
0000000000000000 B val4d
0000000000000018 R val pi

float vall;

float val2 = 1.0f;

const float val3d = 2.0f;
float val pi = 3.14;
static float vald;

#include <cmath>

void kernel(float* val5)

{

vald = sin(vall + val2 * val3 + val pi);
*val5 = vald;

$ g++ —c test.c

$ nm test.o | grep val
0000000000000000 r _ZL4val3
0000000000000004 b ZL4val4
0000000000000000 B vall
0000000000000000 D val2
0000000000000004 D val pi

JlocTyn K MHOTOMEPHEIM MacCHBaM B II0OAIBHOH maMATH MoxeT ObITh Gonee a¢-
(eKTHBEH NIpH HATHYHH BEIDABHUBaHUA CTPOK. BripaBHHBaHHME oOecneanBaercs 106aB-
JieHHeM (QHKTHBHBIX IEMEHTOB B KOHEI KOKIOH CTPOKH H COOTBETCTBYIOIIMX CIBH-
roB nipu uHAeKcauuH. @yukiusa cudaMallocPitch BeiaenseT naMaTh C BHIpABHUBAHHEM
CTPOK H BO3BpAlllaeT CABHUT Yepe3 napamerp pitch. Hanpumep, ecim BhIJIENEHa IAMATD
UL MaTPHIIEI C 3JIeMeHTaMH Tuna T, To Ui NOIy9eHUs aJjpeca JIEMEHTa, PaClIONIOXKeH-
HOTO B CTPOKE oW H cToNbuLe col, ucnons3yercs ciaexyomas hopMyina:

T * item = (T *) ((char *) baseAddress + row * pitch) + col;
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Xots ¢yskmms cudaMalloc Bo3Bpamaer oOBIMHBIN yKa3aTelb, €r0 3HAYEHHE UMe-
€T CMBICT TOJBKO A afgpecHoro mpoctpancTBa GPU. [lns 3anomuenus namsta GPU
JaHHBIMH X0CTa H HA0060POT, HEOOXOMMO HCIIONB30BaTh ClIENHAIbHEIE (QyHKIHH KOITH-
POBaHUA:

cudaError_t cudaMemcpy (
void #* dst, const void * src, size t size,
enum cudaMemcpyKind kind );

cudaError_t cudaMemcpyAsync (
void * dst, const void * src, size t size,
enum cudaMemcpyKind kind, cudaStream t stream );

cudaError_t cudaMemcpy2D (
void * dst, size_t dpitch, const void * src, size_t spitch,
size_t width, size_t height, enum cudaMemcpyKind kind );

cudaError_t cudaMemcpy2DAsync (

void * dst, size t dpitch, const void * src, size_t spitch,

size t width, size_t height, enum cudaMemcpyKind kind,

cudaStream t stream );

KommpoBaHue faHHBIX B II00aubHO#M mamsaTH BHyTpH oxHoro GPU o6wraHO mpo-
H3BOIUTCSA Ha MOPAAOK ORICTpee, 9eM BHYTPH IaMATH XocTa, Hanpumep, i1 GPU Tesla
C2050 xapaxrepnas ckopocTb — 144 I'Gaiit/cex. KomnpoBaHHe JaHHBIX MEXIY TaMATBIO
xocra 1 namateio GPU 3Haaurensno Mennennee. Haubonee pacnpocTpaHeHHEIH B JaH-
Heii MoMmeHT craHfapt untepdeiica PCI Express 2.0 coco6eH obecrieduTs MpoIycK-
HyI0 ciocobHOCTB A0 8 I'Gaiit/cex. C ygeToM moreps Ha KOJMPOBaHHUE, JIATEHTHOCTH U
3aJIEp)KKH, Ha MPAKTHKe, KaK MPaBUIIo, yaaeTcs [obutsca He 6onee 4 '6aiiT/cex mpu ko-
mMpoBaHuH Mexay xoctoM H oMM GPU u He 6onee 6 I'6aiit/cex — py KOMMPOBaHUH
Mexay xoctoM B Heckonbkumu GPU oxHOBpEeMEHHO.

Hawnyamas ckopocTh KONMHPOBaHHs AaHHBIX Mexay xocroM H GPU moxer GBITH
IOCTHTHYTA PH HCIOJIB30BaHUH pinned-namamu. Pinned-naMaTs — 3T0 NaMATh Xocma,
KOTOpas MoXeT ObITh 60 BEENeHa Qynkmusmu cudaHostAlloc wim cudaMallocHost,
3aMEHAIOIMMH CTaHJAPTHHIA BBI30BH malloc umi new, 6O NONyYeHa IEPEBOAOM
00BI9HO#M TamsTH B KareropHto pinned ¢pyuxkmueit cudaHostRegister (cM. Unified Virtual
Address Space).

cudaError_t cudaHostAlloc (void#* pHost, size_ t size, unsigned int flags);
cudaError_t cudaMallocHost(void** devPtr, size t size);
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cudaError_t cudaFreeHost(void* devPtr);

cudaError_t cudaHostRegister(void* ptr, size_t size, unsigned int flags),
cudaError_t cudaHostUnregister(void* ptr);

IIpu acuaxporHOM kommpoBaHuH namsath Mexxay CPU u GPU ¢ noMomntsio ¢yuk-
mun cudaMemcpyAsync B CUDA Bepcun 4.0 T0/DKHA HCIONB30BaThCA TONBKO pinned-
namiats. Haunnas ¢ CUDA Bepcun 4.0 MOXET HCIONB30BaThes OOBIMHAs (He pinned)
[IaMATh, HO B 3TOM CIIydae BI30B cudaMemcpyAsync Gyaer CHHXpOHHBIM. Brinenenue
GonpmIoro Koau4ecTsa pinned-maMATH MOXET OTPHULIATENIEHO CKa3aThCs HA OBICTpOEH-
CTBHUH BCEH CHCTEMBEI.

B CUDA ucnone3syercs npamas adpecayus mobdansHo#i namstu GPU, T.e., B o1-
maue ot OpenCL, u1g XpaHeHUS afApecoB MOAXOAAT OOBIYHBIE YKA3ATEIH, U IS HUX
KOppEKTHa afpecHas apudMernka. Ecim mamars Beigensgercs ¢ nomomsio cudaMalloc,
TO BBIICTICHHBIH qHana3oH HMEET CMBICI ToibKko B kKoHTekcTe GPU-sapa. [Tamsats, BEI-
JenenHas Ha ofHoM GPU HekoppekTHa o oTHOIEHH!O K ApyroMy GPU (M. KOHTEKCTHI
GPU). Ecim mamats Beinemsercs cudaHostAlloc(..., , cudaHostAllocMapped), To srine-
neHHsni Ha CPU uana3oH naMATH CTaHOBHTCA xocTymeH Kak mid CPU, Tak u [uIg Bcex
GPU (cm. Unified Virtual Address Space).

3.2.1. KawwupoBaHue

Jis 6onee 3ddexTrBHOrO HCNONIB30BaHHA IM06ATEHOM mamaT B GPU apxutekTyps
Fermi (compute capability 2.0 u 2.1) peanu3oBaHbI K3IIH IIEPBOTO U BTOPOTO YPOBHS
(Puc. 3.1).

Ksm nepsoro yposasa (L1) HaxomuTces Ha KaXIOM MYIBTHIPOLECCOPE, TOrAA Kak
K311 BToporo ypoBHs (L2) — oOmmii u mmeet pasmep 768 Koaiir. Kam L1 u pasnensemas
MaMATh PACcIONOKEHEl Ha OTHOM (PH3HIECKOM HOCHTENE, 00BEM KOTOPOTO MOKET OBITh
paszesicH MeXIy HIMH OXHHMM H3 ABYX cnioco0oB: 48 Kbaiit pasnenseMoii mamsaru u 16
K6aiit L1-x3ma wim 16 K6aiit pasnensemoii mamatu u 48 K6aiit L1-k3ma. IMepexmo-
qeHue npousBoautcs gpynkuueii cudaFuncSetCacheConfig:

// Device code
__global _ void MyKernel()

{
}
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// Host code

// cudaFuncCachePreferShared: 48 KB pa3pmenseMoil namMaTu

// cudaFuncCachePreferLl: 16 KB pa3snmenseMoil namMaTu

// cudaFuncCachePreferNone: 6e3 npenrnouTeHMs, MUCIOJb30BaTh TEKYIMIA KOHTEKCT
cudaFuncSetCacheConfig(MyKernel, cudaFuncCachePreferShared);

ITo ymomanmio Hcnons3yerca KoHGUrypanus «6e3 nmpeamodreHus». B aToM pexu-
Me OymeT MCTIONB30BaThCs KOHQHUTYpAIU TEKYIIETO KOHTEKCTa, KOTOPEI MOXKET OBITH
3ajaH ¢ noMomplo cudaDeviceSetCacheConfig. Eciv TeKyIuii KOHTEKCT TaKKe He HMe-
€T MpeIOYTeHNs, TO OyHeT HCIonb30BaHa KOH(HIYpanus NPeABIAYIIEro 3amycKa JIo-
6oro sapa, eciii HeT KOHQIIHKTA IO TPEOOBAHUAM K K3LIy M pasfeiisieMoii maMatu. Ilo
YMOIYaHHIO H3HAYaJIFHO HCIONIB3YyeTcs KoHUTypamus B 0Ib3y OonbIero oobema pas-
JeIseMOi TaMATH.

JUTMHA K3II-TTMHMM COCTaBiseT 128 GaiiT H COOTBETCTBYET BHIPOBHEHHOMY 10 128
6aiiTam cerMeHTy I100abHOM NamMATH. Bee TpaH3akimy ¢ HaMATHIO, IPOXOAALIHE Yepe3
L1- u L2-x3m, umerot pasmep 128 6Gaiit. Mcnons3oBanue L1-k3ma MOXHO OTKIIIOYUTE
HAa 3Tane KOMIIWIALMHE ¢ IIoMoIbio onumii -Xptxas -dlem=cg. Tlpu otxmouensom L1-
K3IlIe pa3sMep TPaH3aKI[MH YMEHbIaeTcs 10 32 OaiT. ITOT pexxuM MoXeT ObITh Gosee
3¢ dexruBeH B cirydae, eciu HEOOXOAUMBIE AaHHBIE PACIIONOXEHBI B KOPOTKHX Pa3phiB-
HBIX Y9aCTKaX MaMATH.

Ecnu pa3smep cnoBa i kaxa0it HUTH paBeH 4 6aiitaM, To 3alIpoCkl B IaMATH BeexX 32
HHUTeH Bapna 00beUHAIOTCA B ofuH. Ecii pasMep cioBa A KaKAO# HUTH MPEBINIAET
4 GaiiTa, o6panieHre Bapna K IaMATH JEIUTCA Ha HE3aBUCHMBIE 3alpOCH 1o 128 Gaiit:
JIBa 3ampoca IpH pa3Mepe ciIoBa 8 GaiiT u geThIpe npHu pa3Mepe ciosa 16 Gaiit. Kaxnomy
3ampocy, B CBOIO 09€peb, COOTBETCTBYIOT cOOCTBEHHBIE IMHUH B L1- 1 L2-x3me.

3.2.2. MNpumep: TpaHCNOHMpPOBaHNe ManMu,bl

ITycTh HEOOXOAUMO TPAHCTIOHHPOBATh KBaAparHyto Marpuy A : N X N (3mech u
nanee Mbl OyneMm cautath, 9to [N KkpatHO 16). ITocKonbKy MaTpuia — 3T0 JByMEPHEIH
MaccHB, To OyzmeT yI06HO HCIIONB30BaTh IBYMEPHYIO CETKY U ABYXMepHEIE Onoku. Pas-
Mep 6moka BriGepeM paBHBIM 16 X 16, 9TO MO3BOJMT 3aIyCTHTH O 3 GIOKOB Ha OXHOM
MYJIBTHIIpOLIECCOpE apXUTEKTYpHI 1.X u 1o 6 — Ha apxutektype Fermi. Toraa s Tpasc-
MOHUPOBaHUA MAaTPHIIEI MOXXHO HCIOJB30BaTh CIIEAYIOMEE AIPO:
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__global__ void transpose ( float * inData, float * outData, int n )

{
unsigned int xIndex = blockDim.x * blockIdx.x + threadIdx.x;
unsigned int yIndex = blockDim.y * blockIdx.y + threadIdx.y;
unsigned int inIndex = xIndex + n * yIndex;
unsigned int outIndex = yIndex + n * xIndex;
outData [outIndex] = inData [inIndex];

} x

3.2.3. MNpumep: nepeMHOXeHne aByxX MaTpuL,

IycTs HEO6XOMMMO MEPEMHOXHUTD JB€ KBaaparHsle Matpuusl A, B : N x N. Kak
U B OpeAbiaynieM mpuMepe, OyneM HCIonb30BaTh AByMepHBIe Onoku 16 X 16 u aBy-
MEpHYI0 ceTKy. Hike mpHBeAEeHO sApo, B TOYHOCTH peanusyiomee obmyio gopMyry
NEPEMHOXKEHHS MaTPHIIL:

__global__ void matmull (float* a, float* b, int n, float* c) f
{

// ViHOeKcH 6Jjoka

int bx = blockIdx.x;

int by = blockIdx.y;

// VHOEKCH HUTM BHYyTpM OJIOKa

int tx = threadIdx.x;

int ty = threadldx.y;

// TlepeMeHHas OJIg HaKOMNJIEHUS pes3yJsibTaTa

float sum = 0.0f;

7

// Cmemenme mnsg a [i][0]

int ia = n * BLOCK_SIZE * by + n * ty;

// Cmemenue mna b [0][]]

int ib = BLOCK_SIZE * bx + tx;

// TlepeMHOXUTb CTPOKY M cTonber

for (int k = 0; k < n; k++) !

sum += a [ia + k] * b [ib + k * n];

// CMemeHme IJjis 3anMCHBAEeMOT'O 3JIEMEHTa

int ic = n * BLOCK_SIZE * by + BLOCK_SIZE * bx;

// CoxXpaHMTL pe3yJbTaT B TIJIOBANbHOM NaMATHU
56
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c[ic + n * ty + tx] = sum;

}

#define kernel matmull
#include "main.h"

B narHOM ciTydae IpH BEYHCIICHHH OJHOTO YJIEMEHTa IMPOH3BEACHUS JBYX Ma’l‘pPII.IA
Ha 2N — 1 apudmeTnaeckux onepaimii npuxogurca 2N dreHuit U3 I00aIBHOM aMATH.
ITpu TakoM cooTHOIMEHHH NPOU3BOAUTENBLHOCTE GPU-s1pa orpaHndeHa CKOPOCTHIO pa-
60TH1 mI06aMbHOM TAMATH (B aHMIOA3BIMHOMN JIHTEparype — memory bound). 3HaunTens-
HO 60onbnryIo 3¢ PEeKTHBHOCTH MOXKET HMETH OJIOUHBIH AJITOPHUTM ITEPEMHOKEHHS MATPHIT
C IpUMEHEHUEM pa3leiaeMoii MaMATH (CM. pa3fell O pa3eiieMOi MaMATH).

3.2.4. Ontummnsauma paboThbl ¢ rMobanbHON NaMATLIO

Imo6anbHas maMATe 06/1afaeT BEICOKOH JIATEHTHOCTBIO, IOITOMY JUIsSl IOCTIDKECHHSA
BBICOKO# 3 PEKTHBHOCTH MPHIOKEHUH TOCTYII K Heif HEOOXOAMMO OIITHMH3HPOBATb.

BroipaBHuBanHe. [IpH YTeHMM M 3alMCH 3Ha4YeHMH IIOOAILHOHM MaMATH HAa HHU3KOM
YPOBHE HCHOIB3YIOTCA BEIDOBHEHHBIE 32-, 64- u 128-6urtHble cioBa. 1o 310l mpudauHe
Bce ¢yHnknuu Bhienenna nrobansHoi namatu CUDA API Bcerzia Bo3BpamaioT afpeca,
BBIDOBHEHHEIE 10 256-0afitaM. Ecii pu KpaTHOM BEIPaBHMBAHHIO pa3Mepe 3JIEMEH-
TOB, 6a30BEIi apec MaccuBa MO KakoH-mHO0 MpUYHHE OKa3alCs HEBBIPOBHEHHBIM, TO
YTeHHe KaX/O0ro 3emeHTa BMecto onuoro [0..3] (puc. 3.2, BepxHsis cTpoka) norpebyer
aByx obpamenuii — [0..3] u [4..7], TOAHOCTBIO MOKPHIBAIOIMX HEBHIPOBHEHHBIH 3aIIpOC
(puc. 3.2, HIXKHAA CTPOKA).

AHayorudHas CHTyalHsa BO3HHKAET IPH HCIIONb30BaHAH JJIEMEHTOB MacCHBa, pa3-

MCEP KOTOPBIX HE KPAaT€H BRIPABHUBAHHUIO:

struct vec3

{

float x, y, z;
| H

B 310M Ciy4ae mpH BEIpOBHEHHOM 6a30BOM afipece H AJIMHE dJIeMeHTa B 12 Gaiit, BEI-
POBHEHBIM OyZIeT TONBKO KaXKBIi Y€TBEPTHIi SJIEMEHT, a BCE OCTAIBHBIE MOTPEOYIOT IO
nBa obpamenni. IIpobiema MoxkeT OBITH pemeHa qo6aBneHHEM GHKTHBHOIO 3I€MEHTa

WIM AMPEKTHUBE BEIPABHUBAHHUA 110 16 Gaifram:
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Puc. 3.2. TIpumep BEIDOBHEHHOTO (CBEPXY) H HEBEIDOBHEHHOTO (BHH3Y) 4-0aiiToBoro 6moka

struct _ attribute ((aligned(16))) vec3

{

float x, y, z;
b

Teneps Bce 3MeMeHTRI MacCHBa OyAyT pacronararhcs 110 afpecaM, KpaTHEIM 16, 910
obecIeuuT YTEHHUE OMHOIO dIeMeHTa 3a pa3. Takum obpazom, 3¢ dexTHBHOCTH HOCTYIIA

MomcrGmenonmanaucﬂoﬁynennqennﬂpmnmmanamnTn.

O6nenunenne 3ampocos. ONTHMH3ALMH, TTO3BOJIIONNE OOBEIUHATE 3AIPOCH BCEX
HHTE#H momyBapma (compute capability 1.x) uinu Bcero Bapna B 0xHO oOpamieHHe K Hellpe-
PEIBHOMY OJI0Ky riro0aisHO#M mamMaTu (coalescing), MOT'yT Ha TOPAZIOK YCKOPHTE paboTy
GPU-npuioxeHus.

s toro, ato6sr GPU ¢ compute capability 1.0 win 1.1 npousBen ob6seuHeHNe

3apOCOB HATEH IOJIOBHHEI BapIia, HEOOXOAMMO BHIITOTHEHUE CIEAYIOIUX YCIOBHH:

e Bce HuTH JODKHEI 0OpamaThes K 32-OMTHBIM CIIOBaM, AaBas B pe3yIbTaTe OHH P

64-6aiiToBEI 610K, HIIH K 64-OHTHEIM clIoBaM, AaBas ofuH 128-6aitToBElii O1I0K;

e [lonygennsiii OJIOK OIDKEH OBITH BEIDOBHEH II0 CBOEMY pa3Mepy, T.e. ajpec 64-
GaiitoBoro Gmoka kpareH 64, a agpec 128-6aiiToBro 610ka kpareH 128;
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e Bce 16 cnoB, k KOTOpEIM 00paIaloTCs HATH, JOIDKHBI HAXOAUTHCA BHYTPH 3TOrO

0II0Ka;

e Hurtn nomxHBI 006pamarses K CIOBaM IOCIENOBATENBHO: k-ad HUTh JOIDKHA 00-
pamarscs K k-My ci10By (IpH 5TOM AOITYCKaeTCs, ITO OTAEIBHBIE HUTH IIPOITYCTAT
obpaleHHe K COOTBETCTBYIOIIHM CJIOBaM).

Ecnu HUTH monyBapma He YIOBJIETBOPSAIOT KaKOMY-THOO M3 JaHHBIX YCIIOBHH, TO
Kaxaoe oOpamieHue K TaMATH IPOUCXOIUT KaK OTAenbHas Tpan3akimsa. Ha puc. 3.3 mpu-
Be/IeHbl TUIIHYHBIC MAa0IOHB 00palIeHus K MaMATH, IPUBOAAIINE K O0bEeIHHEHHIO 3a-
TIIPOCOB B O/(HY TPAH3AKIIHIO: CJIEBA BHIIOIHEHEI BCE YCIIOBHS, a CTIPaBa Jisl 9aCTH HHTEH
IpomnymeHo obpamieHHe K COOTBETCTBYIOIIHM CJIOBaM, YTO MO3BOJIAET JOOABUTH (HHK-
THBHBIE 00OpameHns U CBECTH K ciydaro cieBa. Ha puc. 3.4 cieBa mis Hureit 4 u 5 Ha-
PYILEH MOPANOK OOpamieHHs K CJIOBaM, a CIpaBa HapyHmICHO YCJIIOBHE BHIDaBHUBAHUA:
HECMOTpA Ha TO, YTO CJI0Ba 00pa3yloT HempephIBHEIH 00K W3 64 6aift, Hagamo 3TOroO
6roka (o agpecy 132) He KpaTHO ero pasMmepy.

Ha GPU c compute capability 1.2 u 1.3 o6beauHeHHE 3aIpOCOB B OXHH OyzeT mpo-
HCXOHUTH, €CIIH CJIOBA, K KOTOPHIM 00pamIaloTcs HHUTH, JIEXKAaT B OXHOM CErMeHTe pas-
MepoM 32 Gaiita (ecu Bce HUTH oOpamaiorca K 8-OMTHRIM ciloBaMm), 64 Gaiita (eciu
BCe HUTH oOpamarorcs k 16-6utHEIM ciioBam) u 128 GaifT (ecim Bce HUTH oOpamaiorcs
K 32-6uTHEIM WwiH 64-0uTHBIM citoBaM). OObeIMHEHHEBIH cerMeHT (0JI0K) JOIDKEH OBITH
BBIpOBHEH 110 32, 64 win 128 GaiitaM coorBeTcTBeHHO. B citydae compute capability 1.2
¥ 1.3 mopsnok, B KOTOpOM HHTH 00palaloTcs K CJIOBaM, HE HIpaeT HUKAKOH POJH U CH-
Tyauus Ha puc. 3.4 cieBa IpUBeAeT K 00bEIHHEHHIO BCEX 3aIIPOCOB B OHY TPaH3aKIHIO,
a JUI1 ciiydas CIpaBa IIPOH30MIeT 00beIHHEHHE 3aMPOCOB B ABE TPAH3AKIHH.

B ycrpoiicTBax apxurexTypsl Fermi o0beanHeHne 3anipocOB B HaMATh IIPOAUCXOAUT
Juia Beex 32 Hureit (puc. 3.5). B BepxHeit yacTH pHCyHKa PHBEACH NPUMEDP HCIOIB30-
BaHuA L1-xoma (pa3Mep Tpan3akiuu — 128 Gaiit). B nanHOM citygae HapynieHHe BBIPaB-
HHMBaHUA MOXET M HE IPHBECTH K JONOIHUTEIHHOM TPaH3aKIMH IIPH yCIIEIIHOM IIONa/ia-
HHUHM ocTarka B L1-x3m. Ha HiokHel 9acTH pHCyHKa IPHBEICH NPHMED C OTKIIIO4EHHBIM
L1-xsmem (pa3Mep Tpau3akuuu — 32 Gaiita). Takoil pexxuM JOCTYIa BRITOHEE HCIOJb-
30BaTh B ClIydae 0OpalieHHs HUTel Bapiia B pa3pOo3HEHHBIE yJaCTKH III00aIbHOM aMATH

HIH, Ha060pOT, MpH 00paIIeHHH: BCceX HUTel Bapna K OMHOMY M TOMY )K€ JJIEMEHTY.
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Puc. 3.3. Tlartepus oOpameHns K maMATH, Aaomue oopenunenne a1 GPU ¢ compute
capability 1.0 m 1.1
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| Thread 0 _ |
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| Thread 15 |

L _Ihread 15 |

) Puc. 3.4. TlarrepHsl o6pameHns K MaMATH, He fAatomue obsemuaeHne w1 GPU ¢ compute
capability 1.0 u 1.1
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32 TpaH3akuuu no 32B, BmecTo 32 x 1288
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Puc. 3.5. IlaTTepHBI O0OpamieHHa K IaMATH Ha apxuTekType Fermi

OObemuHEHHs 3aIPOCOB MOXET PaboTaTh Gonee 3¢ eKTHBHO CO CTPYKTypaMu Mac-
CHBOB, 9€M C MAacCHBaMH CTpykTyp. Hanpumep, npu ucnons3oBaHuH CTPYKTypsl A 005-
eqMHEeHNE IPOHCXOAUTH He OyAeT, U JUIA JOCTYIIa K KaXKIOMY IEMEHTY MacCHBa array
TOTpeOyeTcs OTHEIbHAS TPAH3AKI[HA:

struct A _ attribute_ ((aligned(16)))

{
float a;
float b;
uint c;
b

A array [1024];

A a = array [threadIdx.x];

HanporuB, ecny HCNONB30BaTh MacCHBBI, B KOTOPHIX KOMIIOHEHTHI CTPYKTYPEI BEI-
POBHEHBI 1 JIEXaT APYT 3a APYTOM, TO 3alPOCHI BCEX HUTel BapIa Wi IoTyBapna GymyT
o0seuEeHH B 3 TpaH3aKkuu (BMecTo 32 TpaH3aKIMid paHee):

~float a [1024];

float b [1024];
uint c [1024];

float fa

= a [threadIdx.x];
float fb = b [threadIdx.x];
uint uc = c [threadIdx.x];
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