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CywectByouue
MHOrosaepHsbie CuctemMbl

[locMOTPUM Ha YacTtoTbl CPU:
2004 r. - Pentium 4, 3.46 GHz
2005 r. - Pentium 4, 3.8 GHz
2006 r. - Core Duo T2700, 2333 MHz
2007 r. - Core 2 Duo E6700, 2.66 GHz
2007 r. - Core 2 Duo E6800, 3 GHz
2008 r. - Core 2 Duo E8600, 3.33 Ghz
2009 r. - Core i7 950, 3.06 GHz



CywectByouue
MHOrosaepHsbie CuctemMbl

J1erko BMAHO, YTO pOCTa 4YacToThl
NPaKTUYECKN HEeT

DHeproBblAeNeHne ~ YeTBEPTOUN CTEMNEHU
4acCTOTbl

OrpaHuyeHnst Texnpouecca



CywectByouue
MHOrosaepHsbie CuctemMbl

TakuMm 06pa3oM, NOBbILLEHME
6bICTPOAENCTBUSA CNEAYET XKAaTb UMEHHO
OT napasielbHOCTH.

Yxe naBHo CPU ncnonb3ytoT
napannenbHyto 06paboTky and
NOBbILLEHNSA NPON3BOANUTENBHOCTU

KoHBenep

Multithreading

SSE



Intel Core 2 Duo

< Front Side Bus >

Memory Bus Controller

L2 cache

L1-1 | L1-D | L1-1 | L1-D

PO P1

32 K6 L1 kaw ang
KaXkaoro sapa

2/4 M6 obwmn L2 ko

EanHbiv 06pa3 namMsaTu
ONS KaXXaoro sapa -
HeobxoaMMOCTb
CUHXPOHU3ALNKU K3LLIEN



Symmetric Multiprocessor

Architecture (SMP)
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Symmetric Multiprocessor
Architecture (SMP)

Kaxkabin npoueccop
nmeeT ceou L1 n L2 Kawum
noacoeanHeH K obwen WuHe

OTCNEXMBAET AOCTYN APYrnx npoueccopos
K namMatu ansa obecneyeHus eaqmHoOro
obpa3za namatn (Hanpumep, oAvH
NpoLeccop XO4YeT U3MEHUTb AaHHbIe,
K3LLIMPOBaHHbIE APYrMM MPOLIECCOPOM)



Cell

RAM

PowerPC

SPEO SPE4

SPE1 SPE5

SPE?2 Element SPEG

Interconnect
SPE3 Bus SPE7
(EIB)

1/0 Memory
controller controller
1/0 Memory
controller controller

RAM




Cell

Dual-threaded 64-bit PowerPC
8 Synergistic Processing Elements (SPE)
256 Kb on-chip Ha kaxabin SPE



BlueGene/L

Shared L3 cache/memory
L2 prefetch | °"°° | L2 prefetch
buffer buffer
L1-1 | L1-D L1-1 | L1-D
PowerPC PowerPC
Double Double
Hummer Hummer
FPU FPU
Torus Collective Global barrier
interconnect interconnect interrupt




BlueGene/L

656536 dual-core nodes

node

/70 Mhz PowerPC
Double Hammer FPU (4 Flop/cycle)
4 Mb on-chip L3 k3L

512 Mb off-chip RAM

6 ABYXCTO
3 ABYXCTO
4 NBYXCTO

DOHHUX MO
DOHHUX MO

DOHHUX MO

DTOB Ansa 3D-Topa
hTa Anga collective network

DTa Ans barrier/interrupt



Apxutexkrtypa G80

MaccuB U3 NOTOKOBbLIX MYJIbTUMNPOLECCOPOB

Streaming
Multiprocessor
(SM)

Streaming Streaming
Multiprocessor| | Multiprocessor
(SM) (SM)
Streaming Streaming
Multiprocessor Multiprocessor
(SM) (SM)

Streaming
Multiprocessor
(SM)




Apxutexkrtypa G80

Streaming Multprocessor

Shared Memory

Registers

P5

P6

P7

Instruction
Unit

Texture Cache




Knaccucdukaumn

Single Multiple
Instruction Instruction

Single Data SISD MISD

Multiple Data SIMD MIMD




Knaccucdukaumn

CPU - SISD

Multithreading: no3sonseT 3anyckaTb
MHOXXECTBO MOTOKOB — rMapasiienin3M Ha
ypoBHe 3aaa4 (MIMD) nnu ganHbix (SIMD)

SSE: Habop 128 6uTtHbIX peructpos LMY

MOXXHO 3anakoBaTb 4 326UTHbIX cKansipa u
NpOBOAUTb Haa HUMK onepaunn oagHOBPEMEHHO
(SIMD)

GPU — SIMD*



MultiThreading “Hello World”

#include <stdio.h>
#include <windows.h>

#include <process.h> // nmna beginthread()
void mtPrintf ( void * pArg);

int main ()

{
int t0 = 0; int tl1 = 1;
_beginthread (mtPrintf, 0, (void*)&tO );

mtPrintf ( (void*) &tl);
Sleep( 100 );

return 0;
}
void mtPrintf ( void * pArg )
{
int * pIntArg = (int *) pArg;
printf ( "The function was passed %d\n", (*pIntArg) );



MultiThreading “Hello World”

_beginthread (mtPrintf,

mtPrintf (

Sleep (

100

(void*) &t0) ;

) ;

//
//
//
//
//
0,

//

//
//
//
//

CO3IaHMe HOBOI'O IOTOKAa
HeOOXOOVMMO yKasaTh :

entry point oyHKUIMDO,

pasmMep creka, npm 0 — OS BHbOepeT cama
(volid *) — ykaszsaTesb Ha aAPT'yMEHTH QYHKLUU
(void*) &tl ) ;

HaledvaTaThk M3 OCHOBHOTO IOTOKA

nomoxoars 100 mMc
col’maHMe noToka windows TpebyeT BpeMeHU’
eCJIM OCHOBHOM IIOTOK SBaKOHUMT BHIIOJIHEHUE

TO M BCE JOUYEepHMEe IMOTOKM OyIyT MNPpepBaHH



SSE “Hello World”

#include <xmmintrin.h>

#include <stdio.h>

struct vec4d
{
union
{
float vi[4];
. ml28 v4;
i
}i

int main ()

{

vecd a = {5.0f, 2.0f, 1.0f, 3.0f};
vecd b = {5.0f, 3.0f, 9.0f, 7.0f};
vecd c;

c.v4d = mm add ps(a.v4, b.v4d);

printf("c = {%.3f, %.3f, %.3f, %.3f}\n", c.v[0], c.vI[1], c.vI[2], c.vI[3]);

return 0;



CUDA (Compute Unified
Device Architecture)

[MporpaMMMpoBaHMe MacCUBHO-MApPanenbHbIX
cucteM TpebyeT crneumaniibHbIX CUCTEM/A3bIKOB.

[1lporpammmpoBaHue pecypcoB CPU orpaHnyeHo
Multithreading

SSE

YacTto bottleneck — B nponyckHown cnocobHoCTH
NaMaTy

CUDA - cuctema (bnbnmotekn n paclUMpeHHbIN
C) ansa nporpamMmmmpoBaHms GPU



CUDA “Hello Worild”

#define N (1024*1024)

__global  void kernel ( float * data )
{

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

float x = 2.0f * 3.1415926f * (float) idx / (float) N;
data [idx] = sinf ( sgrtf ( x ) );

}

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

{
float a [N];
float * dev = NULL;

cudaMalloc ( (void**)&dev, N * sizeof ( float ) );

kernel<<<dim3 ((N/512),1), dim3(512,1)>>> ( dev );

cudaMemcpy ( a, dev, N * sizeof ( float ), cudaMemcpyDeviceToHost );
cudaFree ( dev ) ;
for (int idx = 0; idx < N; idx++) printf("a[%d] = %.5f\n", idx, al[idx]):;

return 0;



CUDA “Hello Worild”

__global wvoid kernel ( float * data )
{

int idx = blockIdx.x * blockDim.x + threadIdx.x; // HOMEp TeKylelW HUTHU
float x = 2.0f * 3.1415926f * (float) idx / (float) N; // 3HaueHMe aprymeHTa
data [idx] = sinf ( sgrtf ( x ) ); // HaAMTM BHAUYEHME U

} // BamnMcaTb eTro B MaCCUB

[ns kaxkaoro snemMeHTa Maccmnsa (Bcero N) 3anyckaercs
OTAEeNbHAs HUTb, BblYUCASOLWAA Tpebyemoe 3HaveHme.

Kaxaast HUTb obnagaeT YHUKanbHbIM id



CUDA “Hello Worild”

float a [N];
float * dev = NULL;

// BHIOEeIMTH namMaTb Ha GPU nonm N BJeMeHTOB
cudaMalloc ( (void**)&dev, N * sizeof ( float ) );

// sBanycturb N HuTelM 6JokaMmMu IO 512 HuTel
// BHIIOJIHAEeMas Ha HUTKM QYHKLUMSA — kernel
// MaccuB IaHHEX - dev

kernel<<<dim3 ((N/512),1), dim3(512,1)>>> ( dev );

// CcKoOmMpOBATHL pel’yJbTaTh ¥3 namsaTtu GPU (DRAM) B
// namars CPU (N 3JeMeHTOB)
cudaMemcpy ( a, dev, N * sizeof ( float ), cudaMemcpyDeviceToHost );

// oceoBommuTh namMaThb GPU

cudaFree ( dev )



Pecypbl Hawlero Kypca

CUDA.CS.MSU.SU

MecTo Ans BOMpOCOB U ANCKYCCUU
MecTo Ana MaTtepuanoB Hallero Kypca

MecTo ans Bawmx ctaten!
ECnv Bbl HaLLMIM KaKOW-TO MHTEPECHBIN Noaxoa!

inn nccnenosann Npon3BOAUTENBHOCTb Pa3HbIX MOAX0A0B U
3HAETE, KaKOW U3 HUX CaMbin ObICTPbIN!

nu 3HaeTe cnocobbl caenatb paboty ¢ CUDA npoue!

Steps3d
wWWw.nvidia.ru



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

Pecypcbl HaWwero Kypca

K TOn nekyuwu:
CUDA / MT / SSE “hello world” npoekTbl

CUDA / MT / SSE “Hello World” npoekTbl

YyTb 60nee HackiweHHble YeM MarneHbkue “hello
world” b1 ©

SVN ?



HecKkonbKO CNnoB o Kypce

MaTeMaTnyeckmn cneukypc
11 nekymu

5 CEMUHAPCKNKN 3aHATUU
Pa3 B ABe Hepenu

Llenb 3aHATun:
HauaTtb 6bICTpO nporpammmnpoBaTb Ha CUDA
HanucaTtb 1 caaTb NpakTuyeckme 3agaHus

5 NpakTUYeCKnX 3aaaHnu



HecKkonbKO CNnoB o Kypce

OT4YeTHOCTb NO KypcCy

5 NpakTUYECKNX 3aaaHunm
3aAaHnAa caalTca Ha ceMuHape

JInbo no noyrte

B TeueHUn Heaenm co AHA CEMMUHapa, Ha KOTOPOM
3a/laHne BblAaHO

Ecnu y Bac He nony4yaeTcs — JanTe HaM 3HaTb

AnbTepHaTunBa
[lanTe HaM 3HaTb






