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Video Memory
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Hardware Graphics Pipeline
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‘95-'98: Texture Mapping & Z-Buffer @z
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Raster Operations Unit (ROP)
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1999-2000: Transform and Lighting @g

GPU “Fixed Function Pipeline”
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2001: Programmable Vertex Shader @z
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Vertex Shader

#® A programmable processor for any
per-vertex computation

15pace,
eCoordinates,

positionInPrc ionSpace,
textureCoordinatesOutput,
ionSpace = mul (modelToProj i itionTnModels;
textureCoordinatesOutput = textureCoordinates;

t(lightDirection, normal);

poratian. Al

|
Need more realism!
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Bump Mapping @;

® Bump mapping involves fetching the per-pixel normal from a
normal map texture (instead of using the interpolated vertex
normal) in order to compute lighting at a given pixel

Diffuse light Normal Map Diffuse light with bumps
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Cubic Texture Mapping

Environment Mapping
Reflection vector
is used to lookup
into the cubemap

Cubemap lookup

in direction (x, y, )
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Hardware Shadow Mapping

Shadow Map Computation

The shadow map contains the depth A\j
{(z/w) of the 3D points visible from e T y.2, W)

the light's point of view: ISP:: (xtw, yiw)
gl

Shadow Rendering

A 3D point (x, y, z, W) is in shadow if:
zlw < value of shadow map at (x/w, y/w)

A hardware shadow map lookup
returns the value of this comparison
between 0 and 1
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Antialiasing: supersampling & Multisamplinggz

® Supersampling: A‘
Compute color and Z at higher 0z
resolution and display averaged )
color to smooth out the visual 4
artifacts

Multisampling: .
Same thing except only Z is
computed at higher resolution
® Multisampling performs !
antialiasing on primitive e
edges only

DIA G n. Al ights re
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‘02- ‘03: Programmable Pixel Shader <
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Setip & Rasieize

Vertex Thread Issue Geom Thread Issue Pixel Thread Issue

Bayond Programmable Shading: In Action
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General purpose programmer’s view
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