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Îñíîâíûå ïîíÿòèÿ

GPU

Graphical Processor Unit.

GPGPU

General Purpose computations on GPUs.

CUDA

Compute Uni�ed Device Architecture
Ïðîãðàììíî-àïïàðàòíàÿ àðõèòåêòóðà äëÿ âû÷èñëåíèé
íà GPU > Nvidia GeForce 8400.



Compute Uni�ed Device Architecture

Ïðîãðàììíî-àïïàðàòíàÿ àðõèòåêòóðà

äëÿ âû÷èñëåíèé îáùåãî íàçíà÷åíèÿ

ñðåäà ðàçðàáîòêè ÿâëÿåòñÿ
ðàñøèðåíèåì ÿçûêà Ñ

compiler & pro�ler & emulator

uni�ed API and GPU architecture

Linux, Mac OS, Windows



GPU Architecture



GPU supported CUDA

GPU Multiprocessors Memory(Mb) Bus width (bits) GHz

GeForce 8800 16 (128) 368-768 256-384 1.35 - 1.6
Quadro FX 5600 16 (128) 1500 384 1.35 - 1.6
Tesla 30 (240) 4Gb-16Gb 512 1.3 - 1.5
GeForce GTX 260 24 (192) 1024 448 1.2
GeForce GTX 280 30 (240) 1024 512 1.3

Bus width Memory bandwidth

256 60 Gb/s
384 80 Gb/s
448 106 Gb/s
512 121 Gb/s

Processors GHz Peak Performance

128 1.3 332 G�ops
128 1.6 409 G�ops

192 1.2 460 G�ops

240 1.3 624 G�ops
240 1.5 720 G�ops

Processor Bandwidth Peak Performance

Core 2 Duo 20 Gb/s 24 G�ops
Cell 26 Gb/s 200 G�ops



Multiprocessor's memory hierarchy

1. registers (r/w per-thread)

2. local memory (r/w, DRAM, uncached, per-thread)

3. shared memory (r/w, per-block)

4. global memory (r/w, DRAM, uncached, per-context)

5. constant memory (r-only, DRAM, cached, per-context)

6. texture memory (r-only, DRAM, cached, per-context)



Programming model

ßäðî (kernel) � ôóíêöèÿ,
èñïîëíÿåòñÿ íàä ñåòêîé (grid)
áëîêîâ ïîòîêîâ (threads block)

Áëîê ïîòîêîâ (threads block) �
íàáîð ïîòîêîâ, ñïîñîáíûõ îáùàòüñÿ
ìåæäó ñîáîé ïîñðåäñòâîì

ðàçäåëÿåìîé ïàìÿòè

(shared memory)
òî÷åê ñèíõðîíèçàöèè

(áàðüåðû)

Êàæäûé ïîòîê è áëîê ïîòîêîâ èìååò
ñâîè êîîðäèíàòû



Execution model

Áëîê ïîòîêîâ âñåãäà èñïîëíÿåòñÿ
òîëüêî íà îäíîì ìóëüòèïðîöåññîðå

ðàçäåëÿåìûå ïåðåìåííûå õðàíÿòñÿ
â shared memory
ôàéë ëîêàëüíûõ ðåãèñòðîâ
äåëèòñÿ ìåæäó îáðàáàòûâàåìûìè
ìóëüòèïðîöåññîðîì ïîòîêàìè

Íà îäíîì ìóëüòèïðîöåññîðå ìîæåò
îáðàáàòûâàòüñÿ íåñêîëüêî áëîêîâ
ïîòîêîâ

ðàçäåëÿåìàÿ ïàìÿòü è ôàéë
ðåãèñòðîâ äåëèòñÿ ìåæäó
îáðàáàòûâàåìûìè áëîêàìè



Èòîãî

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



Why SIMD-threads?

Íà êàæäîì ìóëüòðèïðîöåññîðå ìîæåò îáðàáàòûâàòüñÿ
íåñêîëüêî áëîêîâ ïîòîêîâ

Íà êàæäîì òàêòå ìóëüòèïðîöåññîð èñïîëíÿåò îäíó è òó æå
èíñòðóêöèþ íàä ãðóïïîé ïîòîêîâ, íàçûâàåìîé warp

Êîëè÷åñòâî ïîòîêîâ â warp - warp size

Â ñëó÷àå óñëîâíîãî âåòâëåíèÿ, ñíà÷àëà èñïîëíÿåòñÿ îäíà
âåòâü íàä îäíîé ÷àñòüþ warp, çàòåì äðóãàÿ íàä
îñòàâøåéñÿ.



global memory: should be aligned



shared memory: bank con�icts



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)

C language extensions

functions de�nition (device, kernel, host)
kernel call (grid and block size)
variable de�nition (device, constant, shared, register, align)
new types ([u]int[1..4], [u]�oat[1..4], [u]char[1..4])


