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Tunsl namatTm B CUDA

Tvn namMatn | [Joctyn |YpoOBEHb CkopocCTb paboThl
BblaeneHus
PerncTpel R/W Per-thread Bbicokas(on-chip)
JlokanbHas R/W Per-thread Huskasa (DRAM)
Shared R/W Per-block Bbicokasa(on-chip)
['nobanbHas R/W Per-grid Huskaa (DRAM)
Constant R/O Per-grid Bbicokasa(L1 cache)
Texture R/O Per-grid [-1Hu3kasa(DRAM)
[+]1L1 cache




ApXuTeKTypa

CeroagHa Mbl paccMoTpuM Texture Unit



Apxurtexkrtypa Tesla 10
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Apxutekrtypa Tesla
MynbTunpoueccop Tesla 10

Streaming Multiprocessor

Instruction Fetch
Shared Memory
SP SP
SP 1 sy | 2R | sku
SP SP
SP SP
Register File




Texture B 3D

0.66,1




Texture HW

J1aTeHTHOCTb 6onbLle, YEeM Y NPSAMOro
obpallieHns B NaMsTb

I,Cl,OI'IOJ'IHl/ITeJ'IbeIe CTaann B KOHBEEPE.
[Ipeobpa3oBaHue agpecoB
dunbTpaums
[Ipeobpa3oBaHne AaHHbIX

HO 3aTO eCTb K3l

Pa3yMHO MCNO/b30BaTh, €CNN:
O6beM aaHHbIX He Bfe3aeT B shared namsaTb
[aTTepH AOCTYyNa XaoTUYHbIN
[1aHHbIE NEPENCNONb3YIOTCS pa3HbIMM NOTOKAMMU



Texture B CUDA
(cudaArray)

Ocobbl KOHTEMHEDP NMaMATK: cudaArray
YepHbin ALWMK AN MPUIOXKEHNS]

[lo3BONSIeT OpraHn3oBbIBaTb AaHHble B 1D/
2D/3D MaccuBbl AaHHbIX BUAA:

1/2/4 KOMNOHEHTHbIE BEKTOPbI

8/16/32 bit signed/unsigned integers

32 bit float

16 bit float (driver API)

[locTyn no ceMencrBsy yHKL MM
tex1D()/tex2D()/tex3D()



Texture B CUDA
(cudaArray)

OcobeHHOCTU TeKCTYp:

Ob6pawieHune Kk 1D / 2D / 3D maccmBaM aaHHbIX Mo:
LlenoyncneHHbIM MHAEKCaAM
HopMann3oBaHHbIM KOOPAMHATaM

[Ipeobpa3oBaHMe apecoB Ha rpaHnLLAXx
Clamp
Wrap

CDMJ'IpraLI,VIFI AdHHbIX
Point
Linear

[Ipeobpa3oBaHme AaHHbIX
[aHHble MOryT XpaHUTbCS B ¢popMaTe uchar4
Bo3Bpallaemoe 3HavyeHne — £loat4



Texture B CUDA

HopManmn3auuga KoopanHar:

ObpallieHne No KoopanHaTaMm, KOTopble
nexar B Anana3oHe [0,1]




Texture B CUDA

[Ipeobpa3oBaHMe KOOpAMNHAT:

KoopanHaTbl, KOTOPbIE HE NieXaT B
ananasoHe [0,1] (nnm [w, h])

Clamp:

11 -Koopaunara «o0OpyoOaeTcs»
[11,07] 10 1Oy CTUMBIM T'PaHUIIAM
Wrap

- Koopavnara

[1.03] «3aBOPAYMBAECTCS) B
JIONYCTUMBINA AUAII030H




Texture B CUDA

dunbTpaumng:

Ecnn Bbl ncnonb3yete float koopanHaTbl, YTO
NO/MKHO NPOM30OUTK €CNn KoopauHaTa He
nonanaeT To4YHO B fexef?

Point:

-bepercs 6mmxkaimmuii texel
Linear:

- bunmHenHasa puibTpanus

[pnbnamnmes
BOT B 9Ty TOUKY




Texture B CUDA

Point:
-bepercs
OJIVKAUIIINI

texel

PunbTpaung

VA




Texture B CUDA

PunbTpaung

V1 Linear:
-bununeiinas
(buIbTpanus
- (P*(1-0)+P,*(a)) * (1-B) +
(P3*(1-0)+P,*(a)) * (B)

P P4
T+




Texture B CUDA

[Ipeobpa3oBaHne JaHHbIX:

cudaReadModeNormalizedFloat :

icxoaHbIM MaccuB COAEPXXUT AAHHbIE B /nteger,
BO3BpalllaemMoe 3HaueHune Bo floating point
npeacTaBneHnm (AOCTYNHbIN AMana3oH 3Ha4YeHUK
oTobparkaeTtcs B nutepsan [0, 1] wim [-1,1])

cudaReadModeElementType

Bo3BpallaemMoe 3Ha4YeHne To Xe, YTO U BO
BHYTPEHHEM NnpeacTaBeHumn



Texture B CUDA (linear)

MO>XXHO MCNOb30BaTb OObIYHYIO
JIMHEUHYIO NaMSTb

OrpaHn4yeHus:
TonbKo Ansg ogHOMepHbIX MacCUBOB
HeT domnbTpaunm
[locTyn No ueno4YmcneHHbIM KoOopaMHTaM

ObpalleHne No aapecy BHe AOMYyCTUMOro
Mana3oHa BO3BpaLlaeT HOJb



Texture 8 CUDA

HOST DEVICE




Texture B CUDA (linear)

texture<float, 1, cudaReadModeElementType> g TexRef;

__global _ void kernell ( float * data )

{
int idx = blockIdx.x * blockDim.x + threadIdx.x;

data [idx] = texlDfetch(g_TexRef, idx);
}
int main(int argc, char ** argv)
{

float *phA = NULL, *phB = NULL, *pdA = NULL, *pdB = NULL;
// -- memory allocation

for (int idx = 0; idx < nThreads * nBlocks; idx++)
phA[idx] = sinf(idx * 2.0f * PI / (nThreads * nBlocks) );

CUDA_ SAFE CALL( cudaMemcpy ( pdA, phA, nMemSizeInBytes, cudaMemcpyHostToDevice ) );
CUDA_SAFE CALL( cudaBindTexture (0, g TexRef, pdA, nMemSizeInBytes) );

dim3 threads = dim3( nThreads ) ;
dim3 blocks dim3( nBlocks ) ;

kernell <<<blocks, threads>>> ( pdB ) ;
CUDA_SAFE CALL( cudaThreadSynchronize() )

CUDA_SAFE CALL( cudaMemcpy ( phB, pdB, nMemSizeInBytes, cudaMemcpyDeviceToHost ) );

// —-- results check & memory release
return 0;



Texture B CUDA
(cudaArray)

texture<float, 2, cudaReadModeElementType> g_TexRef;

__global _ void kernel ( float * data )

{
int idx = blockIdx.x * blockDim.x + threadIdx.x;

data [idx + blockIdx.y * gridDim.x * blockDim.x] = tex2D(g_TexRef, idx, blockIdx.y):

int main ( int argc, char * argv [] )

{

float *phA = NULL, *phB = NULL, *pdA = NULL, *pdB = NULL; // linear memory pointers
cudaArray * paA = NULL; // device cudaArray pointer
// -- memory allocation

cudaChannelFormatDesc cfDesc = cudaCreateChannelDesc (32, 0, 0, 0, cudaChannelFormatKindFloat) ;
CUDA_SAFE CALL( cudaMallocArray (&paA, &cfDesc, nBlocksX * nThreads, nBlocksY) );

for (int idx = 0; idx < nThreads * nBlocksX; idx++) {
phA[idx] sinf(idx * 2.0f * PI / (nThreads * nBlocksX) );
phA[idx + nThreads * nBlocksX] = cosf(idx * 2.0f * PI / (nThreads * nBlocksX) ); }

CUDA_SAFE CALL( cudaMemcpyToArray ( paA, 0, 0, phA, nMemSizeInBytes, cudaMemcpyHostToDevice ) );
CUDA_SAFE CALL( cudaBindTextureToArray (g_TexRef, pad) );

dim3 threads dim3 ( nThreads ) ;
dim3 blocks = dim3( nBlocksX, nBlocksY );

kernel2<<<blocks, threads>>> ( pdB );
CUDA_SAFE CALL( cudaThreadSynchronize() );

CUDA_SAFE CALL( cudaMemcpy ( phB, pdB, nMemSizeInBytes, cudaMemcpyDeviceToHost ) );

// -- results check & memory release
return 0;



CeBeptKa

B DSP cBepTKka - 3TO OAMH U3 OCHOBHbIX
MHCTPYMEHTOB

OnpepeneHue CBepTKK:

r(i) = (s*k)(i) = j s(i —n)k(n)dn

B [lInckpeTHOM cnydae:

r(i) =(s*k)(1) = Zs(i —n)k(n)

B 2D ans M306E)a>|<eHvu‘/'|:

r(i, j)=(s*k)@i, ) =D _s(i—n, j —m)k(n,m)



CeBepTtKa

BreixomHoM curuan
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CeBeptKa

BoluncnutenbHas CnoXXHOCTb:
W x Hx N x K— yMHOXeHUH

- -
Pazmep Pazmep
BXOJHOT'O sSapa

CHUI'HAJIa

CenapabenbHblie UIbTPLI

Il
%

SAnpo Anpo Y Anpo X



Mpumepsl

Gaussian Blur
Edge Detection



Gaussian Blur

Blur (pa3mbiTne) nsobpaxeHue
CBepTKa C 94pOM:

k,()=exp(-i*/c®) k. (i, ))=exp((*+]*)/o°)

Gaussian 2D




Gaussian Blur

#define SQR(x) ((x) * (x))
texture<float, 2, cudaReadModeElementType> g_TexRef;

__global  void GaussBlur( float * pFilteredImage, int W, int H, float r)
{
int idx
int idy

blockIdx.x * blockDim.x + threadIdx.x;
blockIdx.y * blockDim.y + threadIdx.y;

float wSum = 0.0f;
float rResult = 0.0f;
for (int ix = -r; ix <= r; ix++)
for (int iy = -r; iy <= r; iy++)
{
float w = exp( -(SQR(ix) + SQR(iy)) / SQR(r) );
rResult += w * tex2D(g _TexRef, idx + ix, idy + iy):
wSum += w;
}

rResult = rResult / wSum;

pFilteredImage[idx + idy * W] = rResult;



Ceeptka: Bonpoc Bam




Edge Detection

O6Hapy»eHue rpaHuL, — NOUCK pa3pbIBOB
B IPKOCTU U30bpakeHus

I

Nneanbuag «peanbHas «ITYMHAsD»
rpaHMIia rpaHMIIa rpaHuIia




Edge Detection

[[pagneHT pyHKummn f(x,y)
OTO BEKTOP KOTOPbIN NMOKa3blBaET

HanpaBfeHne pPocTa
npeaenseTcs Kak ox Oy

G 1
6 |G(X,Y) =[G} +G}1?

w 0(x,y) = tan'}(G,/G,)
G

X



Edge Detection

Pa3HOCTHada npou3BoaHasa:

of (x,y) _ T(X+AXy)-T(XY)

OX AX
o (xy)  T(Xy+Ay)-T(XY)
0y Ay

CBepTKa C a4pOoM:

D, =[-11 D, ="




Edge Detection

Pa3HOCTHada npou3BoaHasa:
of (x,y) _ f(x+AXy)-f(x-AxY)

OX 2AX
of (x,y) T y+Ay)—1(x y—Ay)
0y 2y

CBepTKa C a4pOoM:

D, =[-101 D, =|0

y




Edge Detection

P

X

=|-2 0 2

Prewitt mask:

1 0 1
=|-1 0 1
-1 0 1

Sobel mask:

-1 0 1]

-1 0 1




Edge Detection

OnepaTtop Jlannaca:
0” f (x,y) N 0” f (x,y)

LLT (X, y)]= PV oy
o f(xy)  f(x+Axy)—-2f(x,y)+ f(x—AX,y)
o AX?

O*f(x.y) _ fOxy+Ay)-2f(xy)+ f(x,y-Ay)

oy’ Ay*



Ceeptka OnTMMmMmsaumm

icnonb3oBaTb cenapabesibHble GUNbLTPLI

CYLLI,eCTBeH HO MEHbllue aJIrOpuUTMUYECKas
CITOXHOCTb

cnonb30BaThb shared naMaATb



Ceeptka OnTMMmMmsaumm

Hcxonnoe n3o0paxeHue



Ceeptka OnTMMmMmsaumm

Hcxonnoe n3o0paxeHue



Anpo ¢unsTpa

«Daptyx» puibTpa







Discrete Cosine Transform

LLiInpoko ncnonb3syetcd B LLIOC

SABNSIeTCS OCHOBOW COBPEMEHHbIX

dJITOPNTMOB CXKaTUA AAdHHbIX C NOTEPAMU
(JPEG, MPEG)




Discrete Cosine Transform

[peacraBuTeNb CEMENCTBA
NPOCTPAHCTBEHHO-YACTOTHbIX 1D
npeobpa3oBaHMi, 3aaaeTcs HopMynaMu:

MpsMoe:  CW=a@ f(eod P2 01 N1
O6paTHOe: (0= awcwes "2 M| o1 N1

HopMMpoBOYHbIE KO3IDDULIMEHTDI:

-



Discrete Cosine Transform

8-To4YeYHbIn cnydyaun: u=0




Discrete Cosine Transform

8-TO4YeYHbIU cnyyan: u=1

ill.,IIE




Discrete Cosine Transform

8-TO4YeYHbIn cnyyaun: u=2

| === |
L=




Discrete Cosine Transform

8-TO4YeYHbIW cnyYyaun: u=3

LS




Discrete Cosine Transform

8-TOYeYHbIN cnyYaun: u=4

jll“ll'[




Discrete Cosine Transform

8-TOYeYHbIW cnyyaun: u=5




Discrete Cosine Transform

8-TOYeYHbIU cryyan: u=6

ol




Discrete Cosine Transform

8-TO4YeYHbIU cnyyan: u=/

= I i




Discrete Cosine Transform

N-mMepHoe npeobpa3oBaHne obnagaeT CBOMCTBOM
cenapabenbHOCTH

= — T(2x+1)u T(2y+1)v
Clu,v)= fr{u)a*h)zz f(x, t)co{ N } { : "’\ }
AJ"r AJ"r

2D-Bw3yanm3au,w9|
KO3(PULIMEHTOB ANS Cy4yas — !!"! !!l!!!
8x8 (1306paxeHune crnpasa) == :::-:;-::': :::
KoadbduumenTsl A/Ex8] e
npeobpa3oBaHUs BblYNCISAIOTCS
OOVH pa3

Clu,v)= A" XA




Discrete Cosine Transform

2 crnocoba BblUYUCIEHUS:

HanBHbIN, NO popMyne C NpeablayLLEero
cnavaa (BbluMCNEeHME 3HaYEHUS
KOapduLmMeHTa NyTeM NOACTaHOBKN MHAEKCOB

B (hopmyny)
C ncnonb3oBaHWEM cenapabenbHOCTU
O6a cnocoba npeacrasrieHbl B npuMepe



Discrete Cosine Transform

HanBHbIN: 64 HUTK Ha 610K (8X8)
3arpy3ka o4HOro nuKcensa u3 TeKCTypbl
bapbep

BbluncneHne nMHenHon KoMbmHaumm cronbua
threadIdx.y matpuubl A (OH ke — cTpoka A7)
co crtonbuomM threadldx.x MmaTpuLpbl A, 3ann1cb

bapbep
3anncb KoadduumneHTa B rnobdbasnbHy0 NamsaTb



Discrete Cosine Transform

CenapabenbHbln (6nok obpabaTtbiBaeT

HecKosibKo 6n1okoB 8x8, oanH Tpen
obpabaTbiBaeT BekTop 8x1 unn 1x8 uenmkom)

BlockDim.y




Discrete Cosine Transform:
Bonpoc Bam




Assignement #1 poctynHo

CpoOK coauu — cneayowmm BTOPHUK



Pecypcbl 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




