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INEtROdUCHION

The fast evolution of thggrogrammable
graphics hardward GPUs) are making the games
very realistic!

g Is it still possibleto distinguishbetweena game
sceneand areal-life picture?
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INCEOdUGCEION

The modern GPUs enable us to create many
rendering effects

g We canusetheseeffectsto createveryrealistic
environments

g Orevennon-realisticenvironments

In this lecture we will discuss and show some
effects that are commonly used in games



oenda

Rendering Pipeline and Shadg@uick Review)
Shader Languages

Effects

B PerPixel lllumination

B Environment Reflection/Refraction
g Texturing/Multi-texturing

B Procedural Texturg&eneration

B Simulation of Detailed Surfaces

PosProcessing Effects
g Radiometry

g Bloom

g Cartoon Rendering



RendeninesgRipeline

For many years, graphics APIs such as DirectX
and OpenGL used a fixed rendering pipeline

g Theprocessexecutedwithin eachstageof the
renderingpipeline was pre-programmedin
hardwareand cannotbe modified

g Forexample Transformations lighting andsoon...

g It wasonly possibleto configure afew parameters
onthe pipeline

Result: Games with resembling graphics!



REndening

Meantime...

g Thecinemaindustry alreadyhadtools capableof
programmingthe renderingof the scenes

RenderMan

g Shaderanguagespecificationcreatedby Pixarin
1988

g Nowadaysthere are someopen-sourceand
commercialimplementations

However those tools were used just for offline
rendering! =(



Smallprograms thatrun into the GPU

Allow the programming of some stages of the
rendering pipeline

New things that you can do:
g Realworld illumination models
B Renderingof very detailed surfaces
g Posprocessingoverthe scenes

And we can use everyting in redime!




Shaderghat run in different stages of the GPU
have different names

g VertexShaderg Vertex Processingtage
g PixelShaderc PixelProcessingtage
g GeometryShader¢ GeometryProcessingstage



Pipeliine

VertexData
(Model Spacé Rasterization

Vertex Geometry Fragment
Processing Processing Processing

Other Memory Resources
(Buffers Textures Constantsetc)

) Data
@ Programmablestage
@ Non-Programmablestage
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WhEt Youl Cam ¢l Wit sinadlersy

Videos and Examples
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Shraderglfanzuaes

Offline Rendering
g RenderMan¢ PRManPixar Otherimplementations
g Gelato¢ nVidia

Reattime Rendering

g HLSI(HighLevelShadingLanguaggc Microsoft
Usedon DirectXe XNA

g GLSLO@penGLShadingLanguagéec 3DLabs
Usedon OpenGL

g Cg(C forGraphicg ¢ nVidia
Canbe usedon both DirectXand OpenGL



12 1LSIG

Has a small set of instrinsic functions

g Arithmetic operations texture accessand flow
control

Has some C/C++ data types, besides vectors
and matrices

B bool, int, half, float, double

g vectors(floatN, boolN, ...),matrices(floatNxM, ...)
B texture, sampler struct

A shader code looks like a matematical
equation
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EerdEixelpllviminatiron

The BlinaAPhong algorithm is commonly used
In the graphics APIs for lighting

g Empiricalmodel

g Lightisrepresentedby three separated
components ambient, diffuse and specular

Light componentes
g Ambient Lightequallyscatteredin the scene
g Diffuse Lightthat interactswith the surfaces

g Specular: Light that is perfectly reflected by the
surface

Itotal =i Iambient + § Idiffuse Ispecular
LIGHTS
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DiIse amd Specullar

g Diffuse Lightthat is equally g SpecularLightthat isreflected

reflectedin all directions preferredin onedirection
(isotropic) a Preferredreflection direction

g Intensity canbe calculated calculatedaccordingto Snel2 a
accordingto LamberQlaw law

Liippuse = Kqlq(N.L)



