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Graphics Processor Trend

* Fixed pipeline processor
— More and more CISC style processors
— OpenGL API~= One Instruction
* Programmable parallel processors
— Scatter/Gather operations CEEE
— Scatter: Aout[BJi]]=Ain[i]
— Gather: Aout[i]=AIn[B[in]] 1 t
— Enable GPGPU BEEE B

Georgia College el
Tech ! Gomputing
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Fixed Function vs. Programmable Function

* Fixed function stage:

— Fixed vertex stage: Cilp-space vertex
computations, per-vertex normal, many other
per-vertex operations (color material, texture
coordinate, normal transformation)

— Fixed fragment stage: many basic lighting
models and effects etc.

* Programmable function pipeline
— Custom computations

(>N avzva /g3
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OpenGL pipeline(1997)

Display OpenGL Pipeline

> List
l Per-\ertex Per
Operations & Rasterization }— % > Frame
Commands - | Evaluator =0 e e E’“g“‘t‘.’“t Buffer
Assembly e
Texture
Memory
h 4 p| Pixel
Qperations -
Georgia
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OpenGL 3

OpenGL 3 Modern Buffer-centric
Processing Model
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o Vertex Putler
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Fixed Function Scheme

Fixed Function Scheme

Input: .
Vertices Input:
Textures
T&RL Fixed texture
fixed staaes

computations

Final per-

Coordinate fragment
transformation computations: Output to

to viewport Fog framebuffer
system Alpha test

Depth test

Stencil test

G Colleg® eff
ooth | o
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Programmable Function Scheme

Programmable
Vertex

Processors

TE&L custom
computations:
Per-pix=] lighting,
displacemeant
mapping,
particle syatems,
efc.

Input:
Yértices

Coordinate
tranzformaticn
o viewport
system

Pr

rammable Fragment Processors
Cuzstom texture application,
Custom pixel data combinations,
Burmpiparallax mapping
MPR, GPGPU,
Advanced lighting =ffects

Final per-
fragment
computations
Fog
Alpha test
Depth test

Georgia Caollege el
Tech Cemputiing
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Hardware Design Issues Iin Fixed Pipeline

.

 Start from straightforward mapping

* Efficient Instruction mapping
— Better compiler is good

* Register Bank issues

 Texture cache access
— Prefetching

 Memory bandwidth

» Better optimizations to reduce the amount
of computations,

aNavzva =3
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Hardware Design Issues in Programﬁabl' |
GPUs

 Efficient instruction packing
— SIMD issue width

 Memory bandwidth saving

» Better optimizations to reduce the amount
of computations, increasing parallelism

Algorithms

APls
Hardware

| |

Georgia Collegeef
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CPU vs GPU

« GPU
— Many pipeline stages (400-600 stages)
— Massive data parallelism
— Memory access patterns are regular

Georgia Caollegeef
Tech Compuifing



Taxonomy of Parallel Graphics = B =
Architectures

« Sort-first, sort-middle, sort-last fragment, sort-last image
 FG: Fragment generation
— The actual locations inside a primitive

 FM: Fragment merge
— Merge the results using Z-buffer

3 [¢][c]lc]| |[Lellc][c]
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g [ SORT | Hrc|rc] [FcG ]|
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& ¥G | [rG | |FG || || SORT
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The RASTERIZER Z-buffering

* The Z-buffer (aka depth buffer)

* |dea:
— Store z (depth) at each pixel

— When scan-converting a triangle, compute z
at each pixel on triangle

— Compare triangle’s z to Z-buffer z-value

— If triangle’s z is smaller, then replace Z-buffer
and color buffer

— Else do nothing
« Can render in any order

Tomas Akenine-Mdéller © 2002 Tech Cex g
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Z-value

Z-value: distance from the viewer

Z- value
—_—

Viewer
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Alpha Blending

Alpha Blending is used to render translucent objects.
The pixel’s alpha component contains its opacity.
Read-modify-write operation to the color framebuffer
Result = alpha * Src + (1-alpha) * Dst

Opacity  25% 50% 75%  100%

ia Collegeef
© David Kirk/NVIDIA and Wen-mei W. Hwu, 2007 ECE 498AL, UIUC Tech Cemputiing
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Memory Architecture

« Xbox: unified memory architecture
« Xbox 360: hybrid

— CPU and GPU share the same bus and interface to the system
memory (texture memory)

— GPU-exclusive memory
* Playstation3: GPU dedicated memory

CPU
L1, L2 caches

j tme—side bus, 1.0 GB/s
N _/

Daughter chip
North Bridge /‘\
g ] 10.8 GB/s =
CPU \I_¢ GPU Chlp /IWN 256
Memory Controller C:) GPU chip L1, L2 caches Wf\ North bridge  N"—-5, AZ B/ PRAM
and Cache [ el

Memory Bus
4*1.6 GB/s

4 GB/s

9

2

I 4 2 ﬁ%

South Bridge Chip o

16 MB | |16 MB : il System RAM South bm_lge
Block 0 | [ Block 1| | Block 2 | | Block 3 e 512 MB USBs, audio,

Memory: 64 MB, 200 MHz : 7 network, etc

16 MB

Figure 18.13. The memory architecture of the first Xbox, which is an example of a
unified memory architecture (UMA).

H >N ~ ¥
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ROP (from Raster Operations)

« C-ROP performs frame buffer blending
— Combinations of colors and transparency ﬁ
— Antialiasin [ Resier |
4 Foer] 2 | cone
— Read/Modify/Write the Color Buffer emary

« Z-ROP performs the Z operations
— Determine the visible pixels
— Discard the occluded pixels
— Read/Modify/Write the Z-Buffer

« ROP on GeForce also performs
— “Coalescing” of transactions
— Z-Buffer compression/decompression

© David Kirk/NVIDIA and Wen—-mei W. Hwu, 2007 ECE 498AL, UIUC
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Stencil Buffer

* Per pixel operation

« Compares reference value to pixel’s
stencil buffer value

« Same spatial resolution as color and depth
ouffers

« Usually 8-bits’
 Used to hold vales related to elements
peing written into frame buffer

| |

Georgia Collegeef
(T 2

Tech Cempuiing




Stencil Maintains the Floor

‘Leapin' Lizards

Clear stencil to zero.
Draw floor polygon with stencil set to one.
Only draw reflection where stencil is one.

. _ Georgia College of
ezekiel.vancouver.wsu.edu/~cs442/lectures/shadow/stencil.ppt  Tech Compuiing
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CASE STUDY: XBOX 360
[HANDOUT CHAP #18]

Georgia Caollegeef
Tech Compuifing
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Xbox 360 Memory Architecture

 embedded DRAM(eDRAM): frame buffers,
« 10MB

« Daughter chip: AZ: all alpha and Depth
testing.

Daughter chip
, e il
CPU N EiGRE GPUchip |4 N 256

L1, L2 caches

08 GBS > North bridge  [N2985 JAZL 0 JeDRAM

] Ko

System RAM [S)(;lgh br;c.lge
512 MB s, audio,

G

Georgia Caollegeef
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Xbox 360 System Block Diagram

—
—
-
—
-—
——
-—
-—
—_
—
—

DVD (SATA)

HDD port (SATA)
Front controllers (2 USE)
Wireless controllers
MU ports (2 USE)
Rear panel USEB
Etharnst

IR

Audio out

Flash

System control

—e=Video out

CPU o
chip
Core 0 Core 1 Cora 2
L1D[L11| {L1D[L11] L1o|L
i t t
1 Miyte L2
[ E
8
Memory — GPU ¥y 8
T
A g BILVIO interface | T3 E
512 Mbyte
DRAM ] 30 core %
= i)
-t | L
= | 10 Mbytes| [Video
EDRAM || out [|m|Analog
— chip
BIU Bus interface unit
MC Memory controller
HOD Hard disk drive
MU Mermory unit
IR Infrarad receiver
SMC Systam management controller
XMA Xbox media audio

Figure 2. Xbox 360 systam block diagram.
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XBOX 360 GPU Block Diagram

Command
Vertex processor
FSB cache Vertex assembly/
Texture tesselator
l T cache Sequencer
Hi-Z Interpolators
Main die Bus Shader complex
interface unit Shader export
: Blending interface
|
E i I/O controller |-+ PCI-E | I/O
D H = < .
= il g High-speed
c : /O bus
5 Graphics -t - ﬁ
[ < »| 10-Mbyte
= o el 5 < EDRAM
E - O =
= = - Display
DRAM die
Video
. Georgia Colleageef
IEEE Micro

Tech Compuifing
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Debug/Test Bus _

Figure 5. Xbox 360 CPU die photo (courtesy of IBM). Ge?r;%%
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GPU Parent Die

o T,

Figure 7. Xbox 360 GPU “parent” die (courtesy of Taiwan .
Semiconductor Manufacturing Co.). Ge?.-;'a"a |
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Figure 8. Xbox 360 GPU EDRAM ("daughter”) die (courtesy
of NEC Electronics).

Georgia Collegeaef



= HE N

Xbox 360 Graphics Processors

Memory Memory U n |f| e d S h ad er

controller controller
] I Command processor:
Memory HUB reads commands from
) Y Y memory
pcrieneich _‘*0_"1“‘3'_ el Vertex Texture
cache cache s
! 64 vertices or pixels are
e e operated together (SIMD)

Vertex vertex indices Unified

oeacesaor [ Erouper & Rl Sequencer et - 32 vertex threads or 64
pixel threads can be active

{

A

tessellator ot ¢ ALUset0 !
1 1

primitive

connectivity é é
data I} _{c%" e .;g _::: T? S
‘"“"'_"‘"" o (.illg er -
[ Primitve 2l el el | 2|y 24,576 registers
assembler .g_ : & : 5 5
E. 1 1 E -:f,
Trangi 12| | ALI:16 small shader cores
traversal L2 ; i Fre
5 it wae: 32KD texture cache
A j : ; ; "tl—‘P : H . HE
Hierarchical = i:ll::l:l]-m TeXture p|peS. 16 blllnear
Z/St il .
— T W filters per cycles

Z/stencil test results

Figure 18.16. Block diagram of the Xbox 360 graphics processor.

——=sgia GColleg® ef
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Command processors: reads commands
from memory

VGT (Vertex grouper & tessellator):
— Recelves a group of vertex indices
Sequencer: schedule threads

Shader export: (we need to use the shader
again!) FIFO for buffer

Shader pipe interpolators

Backend central = send data to daughter
C h | p Georgia Caollegeef

Tech GCompuliing
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Xbox 360 Daughter Chip

« Performs merge operation
 GPU-AZ : bandwidth 32GB/s

« 8 pixels * 4 samples can be sent per clock
— Sample: 32Dbit color + lossless z-compression for depth

* 16 pixels if only depth test

« AZ logic: alpha blending, stencil testing, depth
testing e s
 AZ-eDRAM: 256 GB/s Ko 5 o) th_b?'fé’ée o




Playstation 3 GPU:

HDD

GB/s GBit“éluFllcmct
USB
256 MB 256 MB Dlustogh
GDDR3 XDR
Video Memory Main Memory

Figure 18.17. PLAYSTATION 3 architecture. (Lllustration after Perthuis [1 002].)

Video memory bandwidth is lower:

Georgia Collegeaef
Tecﬁ Cemputing
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Playstation3 GPU Architecture

Memory Bus

*\/ Py iy
Vertex ‘ Vertex ‘ Vertex ‘ ertex ‘ Vertex ‘ Verte

hader hader IShader Shader a Shadex Shader ’I Shader hader EE
r‘—"l—hr —ul___h'*“—hr-*—*—hm— —h*——;_h—ﬂ

. ————— Modified version of
Lot %‘;Set“p ' GeForce 7800

8 vertex shader

uad . uad l Quad Quad Quad Quad

Pixel Mk | Pixel Xk | Pixel Pixel Plxel Bixel
Shader | Shader . Shader . Shader Shader Shader e

sng AIOWIA

1 Pre-T&L vertex cache
3 Post- T&L vertex caches

Memory Bus

Vertices

B Fragments
Pixels 4
[ Textures 20 GB/s 15 GB/s 20.8 GB/s
B Programs & Constants Cell Broadband Video Memory
Engine, Main Memory
Figure 18.18. RSX architecture. 2
Georgia Collegeaef
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Headsup: Playstaion3 GPU: Cell

25.6 GB/s

LS

LS _
(256 KB)|||

Ls ||| ‘_
{256 KB)|

Main : |
lese ke)f

Memory

L1 (32 KB 1/1)) | | 3 I |
- ‘ '-(256 KB) i (256 KB) 1256 KB)|{| (256 KB) il

Figure 18.19. Cell Broadband Engine architecture. (Illustration after Perthuis [1002].)
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Wii’s GPU: Hollywood

* Designed by AMD’s ATI Technologies

« Almost no public information
— (no clock frequency, pixel pipelines or shader units)

— The 'Hollywood' is a large-scale integrated chip that includes
the

GPU, DSP, I/0 bridge and 3MBs of texture memory," a studio
source told
us. From Rage3D

— Will: Generally more 1/O support than peak CPU or GPU
performance

« Fixed graphics function.

Tech ' Cempuiiing
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* Make-up class
— Tuesday 6:00 pm, Place: TBD
— Quiz-I review, Lab #1&#2 review

* Wed: Lab #3 explanations

* Friday: OpenGL (Minjang Kim)

* Presentation: Next week

* Report on presentation topic: Due

aNavzva =3
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Presentation: Next week

* Presentation skill (10%)
* Presentation contents (40%)

* Reports (50%) : Single column, 11 fonts, 1&1/2 space about 4 pages w/o
figures+ Appendix (figures, references, tables)

« Depending on your topic, some categories might not applicable to your
presenting consoles

* Introduction of game consoles

« History of the architecture & games

« Console specs (video, sound, I/O interface etc.)
« Architecture explanation (ARM7? Power PC?)

* Programming model/environment explanation

« Examples of game

« Business model of the platforms (who are the sellers, game developers,
customers?)

« Conclusion: was it successful?

H I g
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