Nepapxus nmamsatn CUDA.

[ 1o0anpHas maMsTh.
IlapaienbHbIe pelnieHus 3a1a4
YMHOKEHMS MaTpUL U PEIICHUS

CJIAY.

J1eKTopbl:
bopeckos A.B. (BMuK MI'Y)
XapaamoB A.A. (NVidia)




Tunel namaty 8 CUDA

Tvn namatu | [loctyn | YpoBeHb CKopoCTb paboThl
BblAefIeHUS

Perncrpel R/W Per-thread |Bbicokasi(on-chip)
NlokaneHas  R/W Per-thread |Hu3kaa (DRAM)
Shared R/W Per-block |Bbicokas(on-chip)
[nobanbHas |R/W Per-gric Huskaa (DRAM)
Constant R/O Per-gric Bbicokas(L1 cache)
Texture R/O Per-gric Bbicokasa(L1 cache)




Tunel namaty 8 CUDA

Camas bbicTpas — shared (on-chip)
Camas MeaneHHas — rnobansHas (DRAM)

[ns psiaa cydaeB MOXHO MCMOJ1b30BaTh K3LWMPYEMYHO
KOHCT@HTHYIO U TEKCTYPHYIO MaMSATb

Joctyn k namatn B CUDA vaeT OTAENbHO AN KaXXaou
nosioBuHbl warp’a (half-warp)



Paoora ¢ mamsarero B CUDA

OCHOBa ONTUMM3AUUM — ONTUMM3AUUS
paboTbl C NAMATBIO

MakcuManbHOe UCnosib3oBaHuMe shared-
NaMsaTU

Icnonb30BaHWe cneunanbHbiX NaTTeEPHOB
OOCTYNa K NaMATU, rapaHTUPYIOLWMX
3 PEKTUBHBIN AOCTYN

[laTTepHbl paboTaloT HE3AaBMCMMO B
npeaenax kaxaoro half-warp‘a




YMHOXKEHHUE MATPHUI]

[1lpon3BeaeHne ABYX KBaapaTHbIX MaTpul
A n B pa3mepa N*N, N kpaTHO 16

MaTpuLbl pacrnosioXeHbl B rnobanbHON
NaMaTu

[10 0 AHOW HUTU HA KaXXAbIN /IEMEHT
Npon3BeAEHMNS

2D bnok — 16*16
2D grid



YMHOXEHHE MaTpull. lIpocreninas
peaan3anys.

#define BLOCK _SIZE 16

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

int bx = blockIdx.x;

int by = blockIdx.y;

int tx = threadIdx.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];

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

}



YMHOXEHHE MaTpull. lIpocreninas
peaan3anys.

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**) &bdev, 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 );



IIpocTenmias peann3anys.

Ha kakabin anemMeHT
2*N apudMeTnyeckux onepaumn
2*N obpaleHnn K rnobanbHOM NaMaTu

Memory bound (TOPMO3UT MMEHHO AOCTYI
K MamMsaTu)




Ontumu3zanust padOThI C
[J100aJIbHOM HAMATHIO.

Ob6pallueHns nayTt dyepes 32/64/128-
buTOBbLIE CNOBA
[1pn obpalleHnu K t[i]

sizeof( t [0] ) paBeH 4/8/16 6bantam

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

Bca BblaensgeMass NnaMAaTb Bceraa
BblpOBHEHA NO 256 6aunT



Hcrionb30BaHnEe BBIPABHUBAHM S

struct vec3

{
float x, vy, z;

};

Pasmep pasen 12 6aiit

JJIeMEeHThl MacCHMBa He OyIyT BHIDOBHEHbI B
NaMsTH

struct _ _align__ (16) vec3

{
float x, vy, z;

};

Pasmep pasen 16 6aiir

JJIeMEeHThbl MaccHMBa Bcerga OyayT BbIPOBHEHBI B
NaMsTH



Device Compute Capability

Compute Caps. — poctynHasa sepcusa CUDA
Pa3Hble BO3MOXHOCTU HW
[Tpnmep:
B 1.1 pobaBneHbl aToMapHble onepauuu B global memory

B 1.2 nobaBneHbl aToMapHble onepauun B shared memory
B 1.3 pobasneHbl BbluncieHus B double

Y3HaTb aoctynHbii Compute Caps. MOXHO yepes
cudaGetDeviceProperties()

Cm. CUDAHelloWorld
CerogHa Compute Caps:

BnnseT Ha npaBuna paboTsbl ¢ 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




OObeIMHEHHE 3alPOCOB K
[T100AJIBHON ITAMSITH.

GPU yMeeT 06beanHATb paj 3anpocoB K
rnobanbHOU NaMaTn B oanH 610K
(TpaH3aKLUUIO)

He3aBUCMMO NMPpOUCXoaANT AN KaXXaoro
half-warp’a

[nnHa 6noka gomkHa obiTb 32/64/128
6anT

BoK fomkeH 6biTb BbIPOBHEH MO CBOEMY
pa3sMepy



Oonenunenue (coalescing) nis
GPU ¢ CC 1.0/1.1

HuTtn obpaluatotcs K

32-6MTOBbIM C/10BaM, AaBast 64-6anToBbIN
610K

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

Bce 16 cnoB nexart B npeaenax 6,10Ka

k-ast H1Tb half-warp’a obpallaetcs K k-My
crnoBy 6110Ka



Oonenunenue (coalescing) nis
GPU ¢ CC 1.0/1.1

Thread 0 Address 128 | Thread 0 Address 128 |

|

Thread 1 Address 132 | Thread 1

Address 132 |

T hread 2 Address 136 | Thread 2 Address 136 |

i

Thread 3 Address 140 | Thread 3 Address 140 |

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

a8

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 |

SR IIASN

)

Thread 15 Address 188 | Thread 15 Address 188 |




Oonenunenue (coalescing) nis
GPU ¢ CC 1.0/1.1
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I

Address 188

Thread 0 |

Address

128

Thread 1

Address

132

Address

136

Thread 3

Address

140

Thread 4

Address

144

Thread 5

Address

148

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

Address

188

Thread 15

Not Coalescing



Oonenunenue (coalescing) nis
GPU ¢ CC 1.21.3

HuTtn obpaluatotcs K

8-6uTOBbLIM CNOBaM, AAOLWKUM OAUNH 32-
6anToBbl CErMEHT

16-6buTOBBLIM CNOBaM, AaOLWUM OAUH 64-
6anTOBbIM CErMEHT

32-6buToBbIM CNoBaM, AatOWKMM oanH 128-
6anNTOBbIN CErMEHT

[onyyatoLMNCa CErMeHT BbIPOBHEH MO
CBOEMY pa3Mepy



Oonenunenue (coalescing)

Ecnn xota 66l 0AHO ycnoBue He
BbINOJIHEHO
1.0/1.1 — 16 oTAenbHbIX TpaH3aUMn
1.2/1.3 — obbeauHseT ux B 6noku (2,3,...)
And Ka>goro 6bnoka NpoBOAUTCH OTAEJIbHAA
TPAH3aKuun4
ana 1.2/1.3 nopsaaok B KOTOPOM HUTU
obpallatoTcs K cnosaM BHYTpU 6/510Kka He
nMeeT 3HayeHus (B otnnymm ot 1.0/1.1)



Oonenunenue (coalescing)

MoXXHO AOBUTbCS 3aMETHOro YBeIN4YeHus
CKOPOCTU paboTbl C NAMSATbIO

Jlydlle ncnonb3oBaTb HE MaccuB
CTPYKTYpP, @ Habop MaccmBOB OTAE/bHbIX
KOMMOHEHT — 3TO NO3BONISET
MCNosib30BaTh coalescing



HNcnmojbn3oBanue oTaeJbHBLIX
MACCHUBOB

struct vec3
{ He MoxkeM MCmoJiL30BaTh

float x, y, z; coalescing npu ureHun JaHHBIX

};

vec3 * a;

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

* * * .
float * ax, * ay, * az; IoCKOJbKY HUTH OJHOBPEMEHHO

Oﬁpa]ﬂaIOTCﬂ K 1mocjieaoBaTe/JIbHO

float x = ax [threadIdx]; JICXKAIUM CJIOBAM NAMATHy TO Oyner
float y = ay [threadIdx]; npoucxoautr coalescing
float z = az [threadIdx];



Pemienue cucreMsbl JJMHEHMHDBIX
ajJreOpanyecKux ypaBHeHUH

Ax=f,
A — maTpuua pa3Mmepa N*N,
f — BekTOp pa3mepa N

TpaanLUMOHHbIE METOAbI OPUEHTUPOBAHDI
Ha NocneaoBaTesIbHOE BblUMC/IEHNE
3/IEMEHTOB M HaM HEe NoaxoasT

ECTb elle ntepatmBHbIE METOAbI



HTeparuBHBIE METOABI

xk+1_xk:a.(A.xk_f)

JMMEKTUBHbI KOraa
MaTpuua A cunbHa pa3pexeHa
[lapannensHble BblYUCNEHUS

B obounx cnyyasix ueHa (No BpeMeHu)
oaHon ntepaumn O(N)



CXOIUMOCTB

dk+1 :xk+1_x ’
dk+1:a‘Adk,
|dk+1 £|a

A <1

dk

04

b

Ecau ectb CXO0IMMOCTby TO TOJIBKO
K PCHICHUI0 CUCTEMBbI

3anucaB ypaBHeHHUs IJIs
MOrPEIIHOCTH IOoJyYaem
JOCTATOYHOE YCJIOBUE CXOAUMOCTH

3a cyer BBIOOpPA A0CTATOYHO
MAaJIoro 3HAYEeHMsI mapaMeTpa
MOJIy4aeM CXOAMMOCTh



Kox na 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;
n * idx;
0.0f;

int ia

float sum

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

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



Pecypsl Haliero Kypca

CUDA.CS.MSU.SU

MecTo AN BONPOCOB U ANCKYCCU
MecTo Ang MatepuanoB Hallero Kypca

MecTo ans Bawmx craten!
ECnv Bbl HaLLMIM KaKOW-TO MHTEPECHbIN noaxoa,!

Nnn nccneposany Npon3BoaANTENbHOCTb Pa3HbIX MOAXOA0B U
3HaeTe, Kakon U3 HUX CaMbIn BbICTPbIN!

Nnu 3HaeTe crnocobbl caenatb paboTty ¢ CUDA npolue!

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




Borpochl




