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The Sixth Generation (11/2006)

* NVIDIA 8800 series & |-
ATI R600 series

* Novo pipeline
grafico

* DirectX 10




Algumas demonstragoes

Holy Hardware Batman!
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Videos em Tempo Real...




E tudo isto por qguanto mesmo?

GeForce 8800 GTX Graphics Board

| Core SMHz

| Stream
| Processors

| Shader 1350MHz
{ Memory 900MHz

{ Memory 768MB GDDR3
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Porque todo este “barulho”?

* Unified Shader
* Geometry Shader
° _..e mais umas “coisinhas”...

Aplicagoes nao tem um padrao
regular de uso...

nified Shader

No more
independent
vertex and
fragment

EME T artion Ove Time o e processors




G80 Unified Architecture

G80 Architecture Overview

Thread Processing Cluster
1 1

Vertex Thread Issue Geometry Thread Issue Pixel Thread Issue

Thread Processor

L1 Cache

b e 1 coee e
T_'_:]‘_l_—;]_‘__ﬁt:]‘_:ﬂ__': SP = Stream Processor Unit
TA = Texture Address Unit

_-I- _“ _ _ __ —-:- TF = Texture Filtering Unit 4 RAGE3D

B 16x8 = 128 Stream Processors (SP)

Generalized floating-point unit that can operate on
pixel, vertex, geometry, or even physics operations

Balanceamento de Carga
Dinamico

Dynamic Load Balancing — Company of Heroes

Less Geometry

and

vs GS' = PS

Unified Shader Usaae




Series 9000
9800 GTX (julho 2008)

Stream Processors 128

Core Clock (MHz) 675 MHz
Shader Clock (MHz) 1688 MHz
Memory Clock (MHz) 1100 MHz
Memory Amount 512MB
Memory Bandwidth (GB/sec) 70.4
Texture Fill Rate (billion/sec) 43.2

Sobre os sufixos da NVidia

* GTX = Enthusiasts
°* GTS = Performance
* GT = Mainstream

* G = Entry-level




Series 9000
9 8 0 0 G TX Tom's Hzaur‘g;girszlgverages

O1680%0350 AA4X + AF O1680*050

GeForce 8800 Uttra

GeForce 9800 GTX

GeForce 8800 GTX

GF 8800 GTS 512 MB

Radeon HD 3870 X2

GeForce 8800 GT

Radeon HD 3870

Bestof

Series 200
GTX 275

(Abril 2009)

Stream Processors 240

Core Clock (MHz) 633 MHz
Shader Clock (MHz) 1404 MHz
Memory Clock (MHz) 1134 MHz
Memory Amount 896 MB
Memory Bandwidth (GB/sec) 127
Texture Fill Rate (billion/sec) 50.6




GeForce GTX 285
1GB

Desempenho

GeForce GTX 275
896 MB

GeForce GTX 260
Core 216 836 MB

Radeon HD 4870
X226B

Radeon HD 4890
168

Radeon HD 4870
168

Sum of All Frame Rates
Wery High Details, No &4, No AF

100 200 400
Frames Per Second

| 163041050 | 1920X1200 | 2560x1600

500

Series 100
GTS 150

(Marcgo 2009)

* Nao disponiveis para
individuos

Stream Processors

Core Clock (MHz)

Shader Clock (MHz)
Memory Clock (MHz)
Memory Amount

Memory Bandwidth (GB/sec)
Texture Fill Rate (billion/sec)

128

738 MHz
1836 MHz
1000 MHz
1GB

64

47.2




CUDA Anyone? A cupba ZonE

NVIDIA

Compute Unified Device Architecture - 2006 (nome
original nao mais utilizado)

Arquitetura para Programacgao Paralela em GPU
C simples
GPUs para as massas!

Goodies:

* Standard numerical libraries for FFT (Fast Fourier Transform) and
BLAS (Basic Linear Algebra Subroutines)

* Unified hardware and software solution for parallel computing on
CUDA-enabled NVIDIA GPUs

* MathWorks MATLAB® Plug-in

CUDA Anyone?

Exemplos de usos:

® MDGPU: Molecular Dynamics
simulation

* Astrophysical simulations based on
smoothed particle hydrodynamics:
Fourier Volume Rendering

* Computational biology string
matching: CMATCH

THEORETICAL and COMPUTATIONAL
BiorHYsics GrRouP e

NIH RESOURCE FOR MACROMOLECULAR MODELING AND BIOINFORMATICS ¥
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN




The Direct3D

D3D 10 Pipeline

Input Assembler

e e
Vertex Shader
R ——
B T\

Geometry Shader
R ——————

Rasterizer

e
Pixel Shader
S

Output Merger

Stream Output

Video Memory

(Buffer
Texture,
Constant Buffer)
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Gerenciamento Unificado de

Memoria

* Windows Display
Driver Model
(WDDM)

* “Tudo” € memoria
de video

Video Memory
(Buffer

Texture,
Constant Buffer)

\_/

Input Assembler

* Lé e monta os dados
geomeétricos

¢ Adiciona semantica
aos dados
geomeétricos

¢ String que contém
informacao sobre o uso
previsto do parametro

Ex: COLOR, POSITION

Input Assembler g
E
B
Shader‘
——
.

Geometry Shader

Video Memory

Stream Output (Buffer
Texture,
Constant Buffer)
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Geometry Shader

Permite a GPU criar e
destruir geometria

Apobs Vertex Shader

0-1024 vértices por
chamada

Duas saidas possiveis
* Rasterizador

* Stream Output

Input Assembler
e
Vertex Shader

—
Geometry Shader
-I Video Memory

Stream Output (Buffer
Texture,
Constant Buffer)

Rasterizer

-

Pixel Shader
— -
Output Merger

Geometry Shader

Geometry
Shader

input
Point
Line Strips
Triangle Strips
Line with adjacency

Triangle with adjacency

output
Point list
Line strip
Triangle strip
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Aplicacoes do Geometry Shader

* Volume Shadows

* Curvas Bézier

* Fur generation

* Displacement Mapping
* Render to cubemap

Geragao de Volumes de
S o m b ras Shadow Volume

(a) Light source

Silhouette edge polygon

Semi-infinite shadow volume
produced by polygon

Intersection of
semi-infinite
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Geracao de Curvas Bézier

* Saida
* Line Strip

Exemplo: Geracao de pélos

Gerar pélos a partir
dos tridngulos

1a. Passada

* gera linhas aleatdrias

2a. Passada

* gera curvas a partir das
linhas (ex. anterior)

14
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Stream Output

Geometria gerada no
VS/GS pode ser
direcionada para um
buffer

Nao passa adiante a
info de adjacéncia

Geometria gerada é
facilmente renderizada
utilizando comando
DrawAuto() SEM
passar pela CPU

Input Assembler
e
o~ Shader=
———
-

Geometry Shader
-ﬁ Video Memory

Rasterizer

Pixel Shader

Output Merger

Stream Output (Buffer
Texture,
Constant Buffer)

Output Merger

Combina varios tipos de
dados de saida (pixel
shader values, depth and
stencil information) com
os conteudos dos buffers
de stencil e profundidade
para gerar o resultado final

Blending: combina o valor

de 2 ou mais fragmentos
em um de saida

Rasterizer

Pixel Shader

Output Merger

Input Assembler
e
o~ Shader=
——
.

Geometry Shader

Video Memory
Stream Output (Buffer

Texture,
Constant Buffer)
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Arrays de Texturas

Colocar as texturas de um mesmo objeto num unico array
Todas com mesma resolugao

Atlas de Textura

Até 512 elementos no array

S —

Arrays de Texturas

* Indexados dinamicamente no Shader

es da geometria
¥exadas em texturas
diferentes, dentro do
mesmo array

17



Exemplo |- : Terreno gerado
{1 N com array de

texturas

4

Geometry
Shader

Queries & Predicates

* Commandos podem ser queued
dependendo do resultado de uma query

¢ |sto € um Predicate

18



Exemplo: Predicated Rendering

* Dependendo de uma occlusion query de
um bounding box, nao desenha um objeto

°* OCCLUSIONPREDICATE

* Nao envolve a CPU

19



Outras novidades

* Novos formatos Floating Point para HDR
* R9G9B5E5_SHAREDEXP

°* R11G11B10_FLOAT

20



E OpenGL?

* OpenGL Extensions
* GLSL
* EXT_gpu_shader4

NV_gpu_program4

* NV_vertex_program4
* NV_fragment_program4
* NV_geometry program4

A VALl .

Tendéncias
General Purpose GPUs

G P U General-Purpose Computation Using Graphics Hardware
Home/News

Introduction Graphic-Card Cluster for Astrophysics (GraCCA) -- Performance Categories
Tests

GPGPU stands for Abstract: “In this paper, we describe the architecture and
General-Purpose performance of the GraCCA system, a Graphic-Card Cluster for
computation on Astrophysics simulations. It consists of 16 nodes, with each node
GPUs. With the equipped with 2 modern graphic cards, the NVIDIA GeForce 8800 GTX
This computing cluster provides a theoretical performance of 16.2
TFLOPS. To demonstrate its performance in astrophysics computation,
we have implemented a parallel direct N-body simulation program
commodity graphics with shared time-step algorithm in this system. Our system achieves a
processing units measured performance of 7.1 TFLOPS and a parallel efficiency of 90
(GPUS), these chips for simulating a globular cluster of 1024K particles. In comparing with
are capable of the GRAPE-6A cluster at RIT (Rochester Institute of Technology), the
performing more than GraCCA system achieves a more than twice higher measured speed and
an even higher performance-per-dollar ratio. Moreover, our system can
the specific graphics handle up to 320M particles and can serve as a general-purpose
computations for computing cluster for a wide range of astrophysics problems. (Hsi-Yu
which they were Schive, Chia-Hung Chien Tzihong
designed. They are glwgeh Graphic-Card Clu formance
now capable '
coprocessors, and
their high speed
makes them useful High Performance Direct Gravitational N-body Simulations on
for a variety of Graphics Processing Units -- II: An implementation in CUDA
applications. The goal

increasing
programmability of

P : Abstract: “We present the results of gravitational direct N-body
of this page is to simulations using the Graphics Processing Unit (GPU) on a commercial
catalog the current NVIDIA GeForce 8800GTX designed for gaming computers. The force




Tendéncias
Clusters de GPUs?

e Distributed Texture Memory in a Multi-
GPU Environment. Graphics Harware
2006

GPU Cluster for High Performance
Computing. Fan et al. ACM / IEEE
Supercomputing Conference 2004
Cluster de 30 GPUs (GeForce FX 5800
ultra)

4.6 vezes mais rapido de que cluster
de CPUs

Tendéncias

* GPU/VPU serao muito mais rapidas em
termos de clock, mas terao que utilizar
tecnologias avangadas de resfriamento
(i.e., liquidos).

* Em 2010, uma GPU/VPU tera poder de
processamento equivalente a um
computador que, hoje, estaria nos top 10
do mundo todo.
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Tendéncias

* OpenCL - Open Computing Language
(Dezembro 2008)

* Desenvolvido pelo Khronos group

* Escrita de programas que rodam em
ambientes heterogéneos de
processadores (CPUs, GPUs)

Processor Parallelism

CPUs GPUs

Multiple cores driving Emerging N\ Increasingly general purpose
performance increases Intersection data-parallel computing
Improving numerical precision

b, OpenCL
" Heterogenous
. Computing / .
Multi-processor / Graphics APls
programming — / and Shading
e.g. OpenMP Languages

OpenCL - Open Computing Language
Open, royalty-free standard for portable, parallel programming of heterogeneous
parallel computing CPUs, GPUs, and other processors




Tendéncias

* GDC 2009 - AMD e Havok demonstram
simulacoes de tecidos escritas em
OpenCL

e Abril 2009 - Nvidia langa OpenCL Early
Access Program

* Roda em CUDA

Desafios para o futuro

* “It is very difficult to make an accurate
prediction, especially about the future”

Niels Bohr

THE BORING WORLD
OF NIELS BOHR
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Desafios para o futuro

* Projeto de uma arquitetura para iluminagao global
* Num contexto de Ray Tracing, por exemplo:

* Teste rapido de intersecgéo entre superficies curvas

* Busca rapida em estruturas de dados espaciais

* Geréncia de cenas muito grandes
* Em renderizacao scanline um tridngulo pode ser descartado apés ser
processado

°* Em Ray Tracing isto ndo é possivel, pois ha necessidade da
informagao geométrica proxima para os calculos globais

Desafios para o futuro

* Projeto de arquiteturas muito
pequenas com recursos escassos

* Pouca area de chip
* Pouca memoria
* Baixo bandwidth

* Para uso em dispositivos méveis e.g.,
PalmPilot’s, telefones, etc.
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