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Inside the GPU

Input Assembly

Rasterizer
Output Blend

Video Decode

Work
Distributor

GPU Architecture - Luca Del Bolgia



Unified Shader
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Unified Shader

Vertex Shader
Pixel Shader
Heavy Geometry
Workload Perf =4
Vertex Shader

Pixel Shader

Heavy Pixel
Workload Perf = 8
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Unified Shader

Unified Shader

Heavy Geometry
Workload Perf = 11

Unified Shader

Heavy Pixel
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From CPU to GPU

Fetch/ Out-of-order control logic
Decode

Err Fancy branch predictor

(Execute) Memory pre-fetcher

Execution
Context

Data Ca
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Three Key Ideas
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Pipeline

Input Data Input Data Input Data
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PRE 1996
— SOFTWARE
CUSTOMIZED | PixelFragment - RENDERING?

Processing
SOFTWARE
RENDERING

[ Frame Buffer
Blend Frame Buffer
Blend

Frame Buffer Frame Buffer Frame Buﬂ_er

NO FIXED
FUNCTION?

PRE 2001

GPU Architecture - Luca Del Bolgia



Vertex and Fragment

CPU ‘ Application ‘
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Memory Model

CPU Main
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CPU Caches GPU Video

Memory
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Memory Model
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CHANGES TO THE
PIPELINE



DX 9
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DX 10
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DX10 - Memory model

* More flexible memory handling
- All programmable units can read texture
- “Stream out” after geometry processor
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Stream

Vertex

Buffer Processor Processor Processor

Vertex Geometry  pasterizer [ r2dment Arrayed

Frame
Buffer(s




DX10 - Memory model

« DX10 provides “resources”
e Resources are flexible!

DX10
Resources

Vertex Geometry . Fragment
’ Rasterizer
Processor Processor Processor




DX10 - Memory model

» Enables top-of-pipe feedback loop

* Enables dynamic creation of geometry on
GPU

Vertex Fragment

Vertex Buffer Processor Rasterizer Processor Frame
Buffer(s)
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Geometry Shader

From CPU

F
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Stream Out to Vertex Buffer

 Enabled by DX10 StreamOut capability

* Expected to be used for dynamic geometry
Geometry processor(shader) produces 0-n outputs per input

* More flexible memory handling
- All programmable units can read texture
- “Stream out” after geometry processor
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Usage examples

Tessellation;

Point Sprite Tessellation;
Wide Line Tessellation,
High Performance Culling;



Point Sprite Tessellation

The shader takes in a single vertex and
generates four vertexes (two output
triangles) that represent the four corners
of a quad
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Wide Line Tessellation

The shader receives two line vertexes
and generates four vertexes for a quad
that represents a widened line.
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Examples

® Smoke represented by point sprites
* Points converted to quads in geometry shader

@ Hair represented by “wide lines”
* Lines converted to quads in geometry shader

GPU Architecture - Luca Del Bolgia



High Performance Culling

If we take a closer look at the geometry
shader we observe that the most
revolutionary in it iIs not that it can raise
the number of emitted primitives but that
It can discard them.



Instance Cloud Reduction

It Is @ multi-pass technique that in the
first pass culls the object instances
against the view frustum using the GPU
and In the second pass renders only
those instances that are likely to be
visible in the final scene.

It does not produce any fragments in the
first pass, instead the first pass does the
view frustum culling.



Pass 1: Culling

In the first pass the vertex shader determines whether the
actual object instance’s bounding volume is inside the view
frustum and sends a flag about the culling to the geometry
shader.

The geometry shader will emit the instance data to the
destination buffer if the flag says that the instance is likely to
be visible or does not emit anything if it is determined that
the object instance is out of view.
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Pass 2: Rendering

In the second pass there Is nothing
special to do. The only things that need
to be changed is that the instance data
for the rendering must be sourced from
the generated culled instance data

buffer.



Pass 1 & 2
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TRIANGLE SHRINK
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DX11
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DX11

i= HOW IT WORKS

Shader Model 5.0 Pipeline
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Assembler Shader Shader Shader Merger

Primitives Performs Analyzes Subdivides Manipulates Works Breaks down Assigns color Produces the
(patches) enter  transform patches’'control  patches and control points on entire the 3D object and depth final image
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Tessellation

HULL

SHADER TESSELLATOR

Triangle Tessellated
Patch Mesh Mesh
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Bezier Patch

Bicubic Bezier Patch Example

HULL DOMAIN
SHADER TESSELLATOR SHADER

Bezier Control Points
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