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Tunsl namatTm B CUDA

Tun namatn | doctyn |YpoBeHb | CKOpOCTb paboThl
BblAeNIeHns

PerncTpei RIW Per-thread |Bbicokas(on-chip)
NlokaneHas | R/W Per-thread |Hwu3kas (DRAM)
Shared RIW Per-block | Beicokasa(on-chip)
[nobanbHas | R/W Per-gric Huskasa (DRAM)
Constant R/O Per-gric Bbicokas(L1 cache)
Texture R/O Per-gric Bbicokasa(L1 cache)




Tunsl namatTm B CUDA

CaMmas 6bicTpas — shared (on-chip)
Camas MeaneHHasa — rnobanbHasa (DRAM)

[na psapa cny4yaeB MOXXHO MCMONb30BaThb K3LLMPYEMYIO
KOHCTaHTHYIO M TEKCTYPHYIO NaMSATb

Joctyn Kk namsatn B CUDA naeT oTaenbHO A1S KaXXaou
NnosioBuHbLI warp’a (half-warp)



Paborta ¢ namarsio B CUDA

OCHOBa oNTMMU3aAUMN — ONTUMUN3AUUS
paboTbl C NAMATBLIO

MaKkcuMaibHOe UCNosib30BaHMe shared-
NaMsaTu

Ilcnonb3oBaHWe cneunanbHbiX NAaTTEPHOB
OOCTYyNa K NaMATU, rapaHTUPYIOLLIKX
3 DEKTUBHBIN AOCTYN

[laTTepHbl paboTaloT HE3ABUCMMO B
npeaenax kaxgoro half-warp‘a




YMHOXeHMe maTtpuL,

[lpon3BeaeHne AByX KBagpaTHbIX MaTpuy
A n B pa3Mepa N*N, N kpaTHO 16

MaTpuLbl PacrosioXeHbl B r1obanbHON
NamaTu

[10 O AHOW HUTU HA KaXXAbIN dN1IEMEHT
Npou3BeaeHUs

2D 6nok — 16*16
2D grid



YMHOXeHMe MaTpull.
NMpocTemwan peanm3aums.

#define BLOCK SIZE 16

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

int bx = blockIdx.x;
int by = blocklIdx.y;
int tx = threadlIdx.x;

int ty = threadIdx.y;

float sum = 0.0f;

int ia = n * BLOCK SIZE * by + n * ty;

int ib = BLOCK SIZE * bx + tx;

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

for ( int k = 0; k < n; k++ )
sum += a [ia + k] * b [ib + k*n];

¢ [ic + n * ty + tx] = sum;

}



YMHOXeHMe MaTpull.
NMpocTemwan peanm3aums.

int numBytes = N * N * sizeof ( float );

float * adev, * bdev, * cdev ;

dim3 threads ( BLOCK SIZE, BLOCK SIZE );

dim3 blocks ( N / threads.x, N / threads.y);

cudaMalloc ( (void**) &adev, numBytes ) ; // allocate DRAM
cudaMalloc ( (void**) &ébdev, numBytes ) ; // allocate DRAM
cudaMalloc ( (void**) &cdev, numBytes ) ; // allocate DRAM

cudaMemcpy ( adev, a, numBytes, cudaMemcpyHostToDevice ); // from CPU to DRAM
cudaMemcpy ( bdev, b, numBytes, cudaMemcpyHostToDevice ); // from CPU to DRAM

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

cudaMemcpy ( ¢, cdev, numBytes, cudaMemcpyDeviceToHost ) ;
cudaFree ( adev ) ;
cudaFree ( bdev ) ;

cudaFree ( cdev ) ;



NMpocTemwan peanm3aums.

Ha Ka)kabl 3n1eMeHT
2*N apudmMeTmnyeckmnx onepauum
2*N obpaleHnn K rnobanbHOM NaMAaATH

Memory bound (TopMO3UT MMEHHO AOCTYM
K NaMsTn)




OnTtmm3sauma pabornbl C
rnobanbHOM NamMmATbIO.

ObpalleHns nayTt vyepes3 32/64/128-
buTOBbIE CTOBA
[1pn obpawieHnn K t[i]

sizeof( t [0] ) paBeH 4/8/16 banTtam

t [i] BbipoBHeH o sizeof ( t [0] )

Bca BbigenseMas namMsaATb BCeraa
BblpOBHEHa Mo 256 6aunT



Mcnonb3soBaHme
BbipaBHUBaHMUA.

struct vec3

{

};

struct _ align_(16) vec3

{

};

float x,

float x,

Y 2/

Y Z;

Paamep paBeH 12 6anTt

AneMeHTbl Maccusa He Gyayr
BbIPpOBHEHbI B NaMATH

Paamep paBeH 16 6anTt

AnemeHTHI MaccuBa Bcerpa Gyayr
BbIPOBHEHbI B NaMATHU



Device Compute Capability

Compute Caps. — aoctynHasa sepcusa CUDA
Pa3Hble Bo3MOoXxHOCTU HW
[pnmep:
B 1.1 nobasneHbl aToMapHble onepaunn B global memory

B 1.2 nobaBneHbl aToMapHble onepauuu B shared memory
B 1.3 po6aBneHbl BbiuncneHuns B double

Y3HaTb AoctynHbin Compute Caps. MOXHO Yyepes
cudaGetDeviceProperties()

Cm. CUDAHelloWorld
CeroaHa Compute Caps:

Bnunsiet Ha npaBuna paboTbl € rnobanbHOM NaMATbIO



Device Compute Capability

GPU Compute Capability
Tesla S1070 1.3
GeForce GTX 260 |1.3
GeForce 9800 GX2 |1.1
GeForce 9800 GTX |1.1
GeForce 8800 GT |1.1
GeForce 8800 GTX |1.0

RTM Appendix A.1 CUDA Programming Guide




O6bvepguHeHMe 3anpocoB K
rno6anbHOM NamMmAaTM.

GPU ymeeT 06beanHSTb paj 3anpocoB K
rnobanbHOM NaMsaTn B oamMH 610K
(TpaH3aKuuio)

He3aBUCMMO NMponUCXoanT ANsa KaXaoro
half-warp’a

[1nnHa 6n10Ka gomkHa 6biTb 32/64/128
GanT

Bnok gomkeH 6bITb BbIPOBHEH MO CBOEMY
pa3sMepy



O6meanHeHue (coalescing)
ana GPU ¢ CC 1.0/1.1

HuTtK obpaluatoTcs K

32-6buToBbIM CNOBaM, AaBas 64-6anUTOBbLIN
610K

64-6uToBbIM CNOBaM, AaBasa 128-6anToBbIN
610K

Bce 16 cnoB nexxat B npeaenax 6s10ka

k-as H1UTb half-warp’a obpallaeTtcs K A~-My
cnoBy 6/10Ka



O6meanHeHue (coalescing)
ana GPU ¢ CC 1.0/1.1

Thread 0 Address 128

Thread 0 Address 128

!

Thread 1 Address 132 Thread 1 Address 132

Thread 2 Address 136 Thread 2 Address 136

Thread 3 Address 140 Thread 3 Address 140

i

Thread 4 Address 144 Thread 4 Address 144

Thread 5 Address 148 Thread 5 Address 148

Thread 6 Address 152 Thread 6 Address 152

Thread 7 Address 156 Thread 7 Address 156

Thread 8 Address 160 Thread 8 Address 160

Thread 9 Address 164 Thread 9 Address 164

Thread 10 Address 168 Thread 10 Address 168

il

Thread 11 Address 172 Thread 11 Address 172

Thread 12 Address 176 Thread 12 Address 176

Thread 13 Address 180 Thread 13 Address 180

Thread 14 Address 184 Thread 14 Address 184

SRR

i

Thread 15 Address 188 Thread 15 Address 188




O6meanHeHue (coalescing)
ana GPU ¢ CC 1.0/1.1

| Address 128

Thread 1 Address 132

Address 136
Address 140
Address 144
Address 148
Address 152
Address 156
Address 160
Address 164
Address 168
Address 172
Address 176
Address 180
Address 184

Thread 15 Address 188

Thread O Address 128

Thread 1 Address 132

Not Coalescing

Thread 2 Address 136

Thread 3 Address 140

i

Thread 4 Address 144

Thread 5 Address 148

Thread 6 Address 152

Thread 7 Address 156

Thread 8 Address 160

Thread 9 Address 164

Thread 10 Address 168

Thread 11 Address 172

Thread 12 Address 176

Thread 13 Address 180

Thread 14 Address 184

i

Thread 15 Address 188




O6meanHeHue (coalescing)
ana GPU ¢ CC 1.2/1.3

HuTtK obpaluatoTcs K

8-61UTOBbLIM CNOBAM, AalOWMM OAUH 32-
6anUTOBbl CErMEHT

16-6buTOBBLIM CNOBaM, AatoWMM OAUH 64-
6anUTOBbIN CErMEHT

32-6nTOBbLIM CNoBaM, AatowmM oamnH 128-
6anUTOBbIN CErMEHT

[TonyyaloLMNCa CErMEHT BbIPOBHEH MO
CBOEMY pa3Mepy



O6meauHeHMe (coalescing)

Ecnn xoT4 6bl 04HO YyCoBUE He
BbIMOJSTHEHO

1.0/1.1 — 16 oTAenbHbIX TPaH3aUMn

1.2/1.3 — obbeauHseT ux B 6noku (2,3,...) n
A4 Ka>goro 6noka NnpoBOAUTCA OTAEJIbHAA
TPaH3aKuun4

ana 1.2/1.3 nopsaok B KOTOPOM HUTH
obpallatoTcs K cnioBaM BHYTpu 6/510Ka He
nMmeeT 3Ha4veHunsa (B otanymm ot 1.0/1.1)



O6meauHeHMe (coalescing)

MoXXHO AOOUTbCS 3aMETHOIO YBENYEHUS
CKOPOCTWU paboTbl C MaMATbIO

Jlydlie ucnonb3oBaTbh HE MAaCCUB
CTPYKTYP, @ Habop MacCMBOB OTAENbHbIX
KOMMOHEHT — 3TO NO3BOJIFEeT
MCNosb30BaTb coalescing



Mcnonn3soBaHue
oTAaenbHbLIX MACCUBOB

struct vec3

{
float x, y, z;

};

vec3 * a;

float x = a [threadIdx.x].
float y = a [threadIdx.x].
float z = a [threadIdx.x].

float * ax, * ay, * az;

float = ax [threadIdx];
float y = ay [threadIdx];
float z az [threadIdx];

%
I

He mo)xxem ucnonb3oBarthb
coalescing npu UuTeHMM gaHHbIX

NMockonbkKky HUTHM OAHOBPEMEHHO
oGpawalorcs K nocnenosaresibHO
FiexxauiMm crnosam NnamaTm, To
GyneTt npoucxoaurtb coalescing



PeweHume cucremMbl JiIMHEeMHbIX
anrebpanuecKkmMx ypasBHeHUM

=f
A — MaTpuua pasmepa N*N,
f — BekTOp pa3mepa N
TpaanuuMOHHbIE METOAblI OPUEHTUPOBAHDI

Ha nocriieaoBates/ibHOE BblHUCIIEHNE
J1IEMEHTOB U HAM HE MoAaxXoaAT

ECTb elle ntepatnBHbie METOAbI



MTepaTtuBHbIE MmeToAabl

Bl

X — xX :a-(A-Xk— f)

DC

DEKTUBHbI KOI'id

MaTpuua A cunbHa pa3peXxeHa
[lapannenbHblie BblYNCIEHUS

B o6oux cny4vasax ueHa (Mo BpemMeHu)
oaHou ntepauun O(N)



CxoanmocTb

AX = f,

4t = XKy

d“* =a - Ad¥,

] <ed- A"
|| Al <1

Ecnu ectb cxXxogmMmMmocCTb, TO
TOJNIbKO K pelueHMIO CMCTeMbl

3anucas ypaBHEeHMA ANA
NnOrpewHoCcTM nony4vyaem
AOCTaTOYHOE yCcnoBue
CXOAMMOCTM

3a cuer BbI6bOpa pocTarouHoO
Manoro sHau eHuMA
napamerpa nony4yaem
CXOAMMOCTb



Koo Ha CUDA

//

// one iteration

//
__global  void kernel ( float * a, float * £, float alpha,
float * x0, float * x1, int n )

int idx = blockIdx.x * blockDim.x + threadId.x;
int ia = n * idx;

float sum = 0.0f;

for ((int I = 0; 1 < n; i++ )
sum += a [ia + I] * x0 [I];

x1 [idx] = x0 [idx] + alpha * (sum - £ [idx] ),



Pecypbl Hawlero Kypca

CUDA.CS.MSU.SU

MecTo 47151 BOMPOCOB U ANCKYCCUM
MecTo Ang MaTtepuanoB Hallero Kypca

MecTo ans Bawmx ctaten!
ECnv Bbl HaLLIM KAKOW-TO MHTEPECHBIN NoaxoA!

inn nccnenosan NPpon3BOAUTENBHOCTb Pa3HbIX MOAX0A0B U
3HAETE, KaKOW M3 HUX CaMbii ObICTPbIN!

nun 3HaeTe cnocobbl caenatb paboty ¢ CUDA nipouue!

www.steps3d.narod.ru
www.nvidia.ru



http://groups.google.com/group/cudacsmsusu
http://www.steps3d.narod.ru/
http://www.nvidia.ru/

Bonpochl




