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Reading Assignment #2 (until Sep 14)

Read (required):

• Orange book (GLSL), chapter 4 (The OpenGL Programmable Pipeline)

• Brief GLSL overview:

https://en.wikipedia.org/wiki/OpenGL_Shading_Language

• GPU Gems 2 book, chapter 30 (The GeForce 6 Series GPU Architecture)
available online:

http://download.nvidia.com/developer/GPU_Gems_2/GPU_Gems2_ch30.pdf
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What is in a GPU?

Lots of floating point processing power

• Stream processing cores

different names:
stream processors,
CUDA cores, ...

• Was vector processing, now scalar cores!

Still lots of fixed graphics functionality

• Attribute interpolation (per-vertex -> per-fragment)

• Rasterization (turning triangles into fragments/pixels)

• Texture samping and filtering

• Depth buffering (per-pixel visibility)

• Blending/compositing (semi-transparent geometry, ...)

• Frame buffers



Markus Hadwiger, KAUST 4Courtesy Kayvon Fatahalian, CMU



Markus Hadwiger, KAUST 5Courtesy Kayvon Fatahalian, CMU



Pixels

Graphics Pipeline

Vertices Primitives Fragments

Geometry
Processing

Fragment
Operations

Scene Description Raster Image

Rasterization



Geometry Processing

Per-Vertex
Lighting

Clipping,
Perspect.Divide

Primitive
Assembly

Transformation

Multiplication with
Modelview and

Projection Matrix

Per-Vertex
Local Illumination

(Blinn/Phong)

Geometric
Primitives

(Points, Lines
Triangles)

Primitives

Clip Space
To

Screen Space

Vertices

Geometry
Processing

Rasterization
Fragment

Operations



Geometry
Processing

Rasterization
Fragment

Operations
Fragment

Operations

Texture
Fetch

Texture
Application

Polygon 
Rasterization

PrimitiveVertices

Decomposition
of primitives

into fragments

Interpolation of
texture coordinates

Filtering of
texture color

Primitives Fragments

Rasterization

Combination of
primary color with

texture color



Combination of
primary color with

texture color

Fragment Operations

Stencil
Test

Alpha
Blending

Depth
Test

Alpha
Test

Discard all
fragments within

a certain 
alpha range

Discard a
fragment if
the stencil 
buffer is set

Discard all
occluded
fragments

Geometry
Processing

Rasterization
Fragment

Operations



Pixels

Graphics Pipeline

Vertices Primitives Fragments

Geometry
Processing

Fragment
Operations

Scene Description Raster Image

Rasterization
Vertex
Shader

Fragment
Shader

Programmable Pipeline



Markus Hadwiger, KAUST 11Courtesy Kayvon Fatahalian, CMU



12

Direct3D 10 Pipeline (~OpenGL 3.2)

New geometry shader stage:

• Vertex -> geometry -> pixel shaders

• Stream output after geometry shader

Courtesy David Blythe, Microsoft
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Direct3D 11 Pipeline (~OpenGL 4.x)

New tessellation stages

• Hull shader

(OpenGL: tessellation control)

• Tessellator

(OpenGL: tessellation primitive generator)

• Domain shader

(OpenGL: tessellation evaluation)

• In future versions, there might be yet more
stages, but for some time now all additions
were outside this pipeline:

– Compute shaders

– Vulkan

– Ray tracing cores
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Direct3D 12 Pipeline (and Later Updates)

First version 2015 (Windows 10)

New (March 2018): DXR (DX12 Ray-Tracing)



Vulkan (1.1) Pipeline



Vulkan Command Buffer Lifecycle



GPU Structure Before Unified Shaders
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Legacy Vertex Shading Unit (1)

Geforce 3 (NV20), 2001

• floating point
4-vector
vertex engine

• still very
instructive for
understanding
GPUs in general

Lindholm et al., A User-Programmable Vertex Engine, SIGGRAPH 2001
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Legacy Vertex Shading Unit (2)

Input 
attributes
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Legacy Vertex Shading Unit (3)

Vector instruction set, very few instructions; no branching yet!
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Fast Forward to Programm. Fragment Shading

Courtesy Mark Kilgard

< 1999
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Fast Forward to Programm. Fragment Shading

GeForce 256,
1999

Courtesy Mark Kilgard
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Fast Forward to Programm. Fragment Shading

Courtesy Mark Kilgard

GeForce 3,
2001
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Fast Forward to Programm. Fragment Shading

Courtesy Mark Kilgard

GeForce FX (5),
2003
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SIGGRAPH 2009: Beyond Programmable Shading: http://s09.idav.ucdavis.edu/ 

A diffuse reflectance shader

sampler mySamp;

Texture2D<float3> myTex;

float3 lightDir;

float4 diffuseShader(float3 norm, float2 uv)

{

float3 kd;

kd = myTex.Sample(mySamp, uv);

kd *= clamp( dot(lightDir, norm), 0.0, 1.0);

return float4(kd, 1.0);   

} 

Independent, but no explicit parallelism
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Thank you.


