CS 380 - GPU and GPGPU Programming
Lecture 21: GPU Virtual Geometry
(and GPU Virtual Texturing)

LMarkus_ HadWiger, KAUST -




Reading Assignment #12 (until Nov 20)

Read (required):

* Programming Massively Parallel Processors book, 4t edition

Chapter 5 (Memory architecture and data locality)
Chapter 6 (Performance considerations)

Read (optional):

* Stream processing
https://en.wikipedia.org/wiki/Stream_processing

* Linear algebra operators for GPU implementation of numerical algorithms,
Krueger and Westermann, SIGGRAPH 2003
https://dl.acm.org/doi/10.1145/882262.882363

» A Survey of General-Purpose Computation on Graphics Hardware (2007)
https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1467-8659.2007.01012.x



Virtual Geometry

(and Texturing)




Unreal Engine 5 Virtual Geometry: Nanite

A Deep Dive into Nanite Virtualized Geometry (Siggraph 2021 course talk)
https://www.youtube.com/watch?v=eviSykqSUUw

Brian Karis, Epic Games

See also

+  Keynote at HPG 2022:

Journey to Nanite, Brian Karis
https://www.youtube.com/watch?v=NRnj_1npORU
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* Lumen: Real-time Global lllumination in Unreal Engine 5 (Siggraph 2022 course talk),

Daniel Wright et al., Epic Games
https://advances.realtimerendering.com/s2022/SIGGRAPH2022-Advances-Lumen-Wright%20et%20al.pdf



Virtual Geometry

The Dream
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Virtual Geometry
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Virtual Geometry

Tiny triangles




Software Rasterization

3Xx faster!




Micropoly software rasterizer




Hardware Rasterization




Material shading
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Material culling
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UV derivatives

{3 Good!

} Not good!
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Analytic derivatives

e <2% overhead
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Main pass

Instances pre-cull

896322

Instances post-cull

3668

Cluster node visits

39274

Cluster candidates

1536794

Visible clusters SW

184828

Visible clusters HW

6686

Post pass

Instances pre-cull

102804

Instances post-cull

365

Cluster node visits

19139

Cluster candidates

458805

Visible clusters SW

7370

Visible clusters HW

536

Total rasterized

Clusters

199,420

Triangles

25,041,711

Vertices

19,851,262




e Raytrace?
e DXRisnt flexible enough
e Complex LODogic .
e Customtriangle.ehcoding™

t
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e No partial BVHupdates ;s

- 4 ...-'-'_é"w',f?, v
e \Want a raster solution™ "X s
e |everage all our other-work o™

e Most lights don't move:

e Should cache as much-as'poessible: =
- -




Virtual shadow maps

16k x 16k

1 texel = 1 pixel




Virtual shadow maps

Page size = 128 x 128
1ge table = 128 x 128, with mips
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Thank you.




