GPU Pipeline

Exploring the GPU rendering
pipeline




Topics:

A Definitions.

A Triangles, vertices and indices.
A Vertex program.

A Rasterizer.

A Fragment program.



Definitions:

A GPU: Graphic Processing Unit
I A hardware processor.
I Also referred to as VPU.
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I RSX stands for Reality Synthesizer.
I Made by NVIDIA.



Polygons vs Triangles:

A A polygon is a shape made by segments:
I Atriangle is a polygon made by 3 segments.
I Triangles are ideal since all 3 points are on the same plane.
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I A quad is a polygon made by 4 segments.



Simple 3D model:




Simple 3D model:

A Grey triangle made by vertex A, B and C.
A White triangle made by vertex B, C and D




Exporting model:

A Exporting the triangles (ABC) and (BCD)
as a sequence.




Duplicates:

A Vertex B and C are shared and hence they
are duplicated at export time.
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Fat vertex:

A There are usually many attributes per-
vertex.

Positionix,y,z)
Normalix,y,z)
GColorir,g,h,a)
Uvuslu,v)




Cost of duplicates:

A Assuming each component is 4 bytes:
I Position X, Y, Z Is 3 X 4 bytes
I In this example our vertex is 12 x 4 bytes.
A A model with 10000 quads:

I Total cost of export: (3 + 3) x 10000 x 12 x 4
bytes = 2880000 bytes

I Even more expensive for larger models



New storage:

A Store vertices with no duplication:

I Vertex A is at index O: the start of the storage
space or table.
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Simple 3D model:

A Grey triangle made by index 0, 1 and 2.
A White triangle made by index 1, 2 and 3
~ a




Smarter export:

A Export the vertices with no duplicates.
A Export the indices with duplicates.




Cost of duplicates:

A Each index costs 2 bytes.

A A model with 10000 quads:

I Cost of vertices: 4 x 10000 x 12 x 4 bytes =
1920000 bytes

I Cost of indices: (3 + 3) x 10000 x 2 bytes =
120000 bytes

I Cost of vertices plus indices: 1920000 +
120000 = 2040000 bytes



Savings:

A By using indices we saved ~30% of
storage space.

100




Trivia:

A A 16 bit index is limited to [0, 65535]
I Cannot render a model with more than 65536
vertices at once!

I Work around: Split the model into smaller
batches.



Vertex Program:

A A custom program that operates on a
single vertex at a time.

I Custom = |ots of flexibility.
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UV manipulation:

A UV? UV refers to texture coordinates:
I Mapping a 2D image to a 3D model



