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OCHOBHble NOHATKSA

o GPU
Graphical Processor Unit.

e GPGPU
General Purpose computations on GPUs.

o CUDA
Compute Unified Device Architecture
MNporpammHo-annapaTHast apXUTEKTYpa A BblYUCAEHNI
Ha GPU > Nvidia GeForce 8400.



Compute Unified Device Architecture

lNporpaMmmHo-annapaTHas apxuTekTypa
@ N5 BbIYMCAEHMIA 0bLero Ha3HayYeHus

@ cpepa paspaboTku seaseTcs
paclwmpennem ssbika C

o compiler & profiler & emulator
o unified APl and GPU architecture
@ Linux, Mac OS, Windows

cPU Application

CUDA Library
(FFT/BLAS)

CUDA Runtime

CUDA Driver

GPU




GPU Architecture
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GPU supported CUDA

GPU Multiprocessors  Memory(Mb)  Bus width (bits) GHz
GeForce 8800 16 (128) 368-768 256-384 135-16
Quadro FX 5600 16 (128) 1500 384 135-16
Tesla 30 (240) 4Gb-16Gb 512 13-15
GeForce GTX 260 24 (192) 1024 448 1.2
GeForce GTX 280 30 (240) 1024 512 1.3
Processors GHz Peak Performance
Bus width Memory bandwidth 1;2 12 igg g;:gpz
256 60 Gb/s : P
384 80 Gb/s
448 106 Gb/s 192 1.2 460 Gflops
512 121 Gb/s 240 13 624 Gflops
240 15 720 Gflops

Processor Bandwidth  Peak Performance
Core 2 Duo 20 Gb/s 24 Gflops
Cell 26 Gb/s 200 Gflops




Multiprocessor’'s memory hierarchy

ok wh =

registers (r/w per-thread)

local memory (r/w, DRAM, uncached, per-thread)
shared memory (r/w, per-block)

global memory (r/w, DRAM, uncached, per-context)
constant memory (r-only, DRAM, cached, per-context)
texture memory (r-only, DRAM, cached, per-context)
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Programming model

e dppo (kernel) — dyHkyus,
ncnosHsietca Hag cetkoii (grid)
6nokos notokoe (threads block)

e Bnok notokos (threads block) —

Habop NOTOKOB, CNOCOBHbLIX 0blaTbCs
Mexay coboii nocpeacTsom

e pa3sgensiemMoi NnamsaTn
(shared memory)

@ TOYEK CMHXpOHU3auuUu
(6apbepbi)

@ Kaxgblii noTok n 6AOK NOTOKOB nMeeT
CBOU KOOPAWHATHI




Execution model

@ Bnok notokoB Bcerga ncnonHsietcs
TONBKO Ha OOHOM MYJIbTUMPOLIECCOpE

@ pas3gensi€Mble NEPEMEHHbIE XPAHATCA
B shared memory

o dpalin NoKanbHbIX PerucTpos
aenntca mexgay obpabaTtbiBaembiMu
MyAbTUNPOLECCOPOM NOTOKAMM

@ Ha ogHom mynbTmnpoueccope mMoxer
0bpabaTbIBaTLCA HECKOIBKO BAOKOB
NOTOKOB

e pasgensiemas namsTb n aiin
perncTpoB JeNNTCS MeXAay
obpabaTtbiBaeMbiMu bnokamu

Kernel

Device




NToro

GPU = array of multiprocessors

Multiprocessor = Streeming Processors + Shared Memory

Kernel = GPU-procedure
Grid = array of thread blocks

Thread block = array of SIMD-threads + shared memory communications

Grid |

Kernel function:

__global__ kernel_function( int *a ){
a[ threadldx.x ] = 0;
a[ blockIdx.x ] = 0;



Why SIMD-threads?

o Ha kaxgom mynbTpunpoueccope moxet obpabaTbiBaThcst
HEeCKONbKO BNOKOB NOTOKOB

@ Ha kaxgom TakTe MynbTUNPOLLECCOP UCMOHSAET OAHY N Ty >Xe
WHCTPYKLMIO HaJ rpynnoii NOTOKOB, HAa3blBAEMOI

@ KosnnyecTeo noTokoe B -

@ B cnyyae ycnosHoro BeTeneHusl, cHa4yana UCMONHAETCS OfHA

BETBb Haj, O4HOW 4YacCTbto , 3aTeM Zpyrast Hajg,
OoCTaBLUECA.



global memory: should be aligned
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shared memory: bank conflicts
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CUDA Development

@ Runtime API

memory management (allocate, free, copy, asynchronous)
execution management (execute, synchronize)

stream management (create, destroy, synchronize)

event management (create, destroy, record, get-elapsed-time)

e C language extensions

functions definition (device, kernel, host)

kernel call (grid and block size)

variable definition (device, constant, shared, register, align)
new types ([u]int[1..4], [u]float[1..4], [u]char[1..4])



