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Graphics Hardware INFORMATIK

Hardware is now fast enough
~ for complex geometry
~for multipass rendering
-~ Multipass rendering:

render objects multiple times with different shading
parameters and jextures:rniachievez:ﬁmm ex shading

’Jardware

e.g.uaeB.somet Imes 5 passes and more
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w-hardware features

—speeding up rendering by reducing number of

e.g. multitexturing reduces total bandwidt

make complex algorithms feasible: e.g. extensions

or bump mapping —

sometimes-completely-new-paossibilities

0. dependent textures/pixel textures for

environment mapped -bump-mapping




Applications of Complex, =

— ﬂiﬁfﬂ(ﬂﬂyegﬂaﬂ]ﬂg INFORMATIK

—ngineering-and design

_light planing, Interior design, luminary design

-~ Marketing and-(e-)commerce

- product and material catalogs, online shops

—ntertainment

—movie special effects, games

- Visualization

—Mec

Ical'iTmaging, scientific visualization
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Questions

haHeaturesfar ﬂecessaryi?

1gonthms’?
- \What features are useful?

significant performance improvements for a variety of
algorithms

Srogramming Support

make it easy to develop for g




overview

Jardware shading-algorithms

~« discussion of shading algorit
rRecent hardware developments

~Increased flexibility for geometry and fragment
processing

Shading languages for graphics -hardware
~ motivation, required features, open problems

Hardware support for-shading language
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=xamples-for multipass-rendering:

volume rendering and participating media
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_ocal illumination (Heit

rich—99, Kautz'99):

—USe textures 10 store sample

ed BRDFs and reflection

~ break down high-dimensional tables to lower-
dimensional terms (textures)

qnakefsureiexwrefcooromatesar&easyiommput




ample:
-~ Torrance-Sparrow Model

-orfance-Sparrow-(-67):
=F(8)D(9)* G(a,p)l(rrcosa-cosp)
— Samplefactors
- store as 2D textures
‘exture-coordinates:
—reparameterize terms over cosines of angles

allows for-hardware-based texture coordinate
eneration
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-~ Torrance-Sparrow Model NFORMATIK
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Anjsotropic model (

Banks 94,

eldrich"98)
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—actorization of sampled BRDFs (Kautz “99)
« measured/simulated BRDF data
= rendering similar to analytic models
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Sampled BRDFs j
-~ With Textures INFORMATIK

RDFs with diffuse textures
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Hardware Shading ~ 3%

\[gorithms INFORMATIK

Examples for multipass rendering:

J%@ICJY]&II@HQI?@@@L, J@I obal illumination
ow-maps

volume rendering and participating media
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nadow-map:
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> ﬁdﬂWﬂaﬁS INFORMATIK

adow map-applied-as projective texture
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> ﬁdﬂWﬂaﬁS INFORMATIK

_ight-source zas a texture
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ubtract projective texture image from-1D
extureimage
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=xamples-for multipass-rendering:

volume rendering and participating media
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-~ Volume Rendering

(Cabral’94. \Westermann'98, Sal

exture-based volume rendering

ama’00)

»pack-to-front rendering of textured vo

ume slices
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‘exture-based-volume rendering
(Cabral'94, Westermann-'98, Salama’00)

Images: Hastreiter ‘93
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olume rendering for streaks of light
[Everitt ‘00, Dobashi*00)

i Projective Spotlight Texture =]
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=xamples-for multipass-rendering:

volume rendering and participating media

"v." ..'.‘
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-angent space bump mapping (Peercy-97):
—store normal textures
—use with interpolated local coordinate fram

| (< chi |ng '7

—illumination is function of dot products

Cnvironment-mapped bump-mapping

-~ needs dependent
E— =) ¢10] (=3 [0]0] (b0

pace-varying
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10rizon-maps-(Max—69)
— pre_compute and-store horizon for-each pointina

eightfield
Hardware implementation(Slean'00)
—original-horizon map-data structure
—several rendering passes

eldrich-00)




directions

Wolfgang Heidrich
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Project light-direction into tangent plane

Transform projected-pointinto-new
ﬂerﬂmatesySJ em

ipse (I,,1,)
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- Discussion INFORMATIK

eme: multipass rendering

or texture generation

e.g. generating shadow or environment maps

typically: simulation of global effects

~ for texture application

combining results of different textures and shading

algorithms in:the frame buffer

typically: complex-local effects




DIScUSSIon -

~ Implications
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Bandwidth

-~ multiple transmission of geometry

—multiple read/writes to framebuffer

- sometimes read back of framebuffer

eometry.

lIfferent passes require different per-ver

color, texture coordinate, normal...

e require:

lexible way of generating these |
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ﬂcreasedﬂ‘iex1b1htyﬂfﬂfendeﬁ'ﬂgjoipeliﬂe

?Hstemzaﬂmtage:nmi
- reduces total reguired bandwidth for most algorithms
equiring multiple textures

- but becomes bottleneck for-fragment processing-
stage of rendering pipeline if many textures are used

-~ texture shaders (McCool "99), register combiner
: use the available time to perform more
empIeXﬂperati0nswﬂh1he400ked11pvalues
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ardwareﬁ%ﬁﬁmem%wmmx

primary color
secondary color
texture O
texture 1

spare 0

spare 1

fog

constant color 0

constant color 1

input registers

RGE

A

input
map

\

A

input
map

\

B

AB+CD

=0r-

ABmuxCD

input
map

\

C

input
map

\

D

output registers
RGB A

primary color

secondary color

fexture 0

fexture 1

spare 0

spare 1

i

fog

constant color 0

constant color 1

Wolfgang Heidrich
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orogrammable geometry (DirectX 8)
http://www.gamasutra.com/features/index_gdc.htm
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- Dependent Texture Lookups  inrorwatix

Jseful for:

~environment mapped bump mapping
Ight transport for indirect illumination (Heidrich"00)

Ine integral convolution (LIC, Heidrich "99)
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Proplem:
—extensions hard-to program for
-~ * no debugging support

non-standard: capabilities vary with specific hardware
nave to adapt-algorithms to individual‘graphi
oards

-~ Solution: high-level shading language




Shading Languages
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- RenderMan

RenderMan shading language

(Hanrahan-"90)
- standard in offline applications
2.g. Toy Story
?WerManenQWGL
(Peercy '00)

-+ RenderMan shading languag
ith standard OpenGL+"
nixel textures*

floating point framebuffer
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—or-hardware shading:
-~ use sampled representations of complex function
—shading languages for combining textures

=Xisting systems:
Quake 3 shading language

-+ Stanford programmable shading project
ttp://graphics.stanford.edu/projects/shading

-+ SGlinteractive shading-language (ISL)
ttp://www.sgi.com/software/shader
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asearch Issues  vroruatik

mmediate mode vs. scene graph

— Compilertechnology

- code generation for very complex instruction sets
Vorking around the brick wall
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enderMan? — inForuaT

anagemenﬁa ex{uregeﬂeratmﬂjaasses

*:)Sﬁhad owmapsﬂlg ht - maps...
ew-kinds of interesting shaders
- cellular automata (e.qg. clouds)
—reaction-diffusion-shaders (e.g. animal skin)
- require side effects (textures evolving over time)
-~ desirable: hardware convolution




Jardware Support for
- Procedural Shading

ost/precision models for hardware operatio
avoiding the brick wall
managing intermediate results
micro-threading (Mark 00, McCoo]~00)




Summary

_omplex hardware shading-is now

Recent hardware developments
- reduce number of passes, increase performance
nard to program
ading languages for- graphics hardware
make programming easier
~alot of research to be done

-+ needhardware support
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— MPIlrendering-group:

Stefan Brabec, Katja Daubert,

Jan-Kautz, Philipp-Slusallek

Stanford-shading group:

‘Mark, Kekoa Proudfoot, Pat Hanrahan

— SGI4

orocedural-shading group:

~—Marc-Olano; Marc Peercy

mages from:

—Michael McCool, Mark Kilgard,

~ass Everitt; Yoshinori Dobashi




