
CS 380 - GPU and GPGPU Programming
Lecture 25: GPU Virtual Geometry

(and more Virtual Texturing)

Markus Hadwiger, KAUST
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Reading Assignment #13 (until Dec 1)

Read (required):

• Look at Unreal Engine 5 virtual geometry system (Nanite)
– https://dev.epicgames.com/documentation/en-us/unreal-engine/

nanite-virtualized-geometry-in-unreal-engine/

• Look at Unreal Engine 5 Nanite tech talk by Brian Karis (Journey to Nanite) slides
– https://www.highperformancegraphics.org/slides22/

Journey_to_Nanite.pdf

• Look at Unreal Engine 5 Lumen tech talk by Daniel Wright et al. slides
– https://advances.realtimerendering.com/s2022/

SIGGRAPH2022-Advances-Lumen-Wright%20et%20al.pdf

Read (optional):

• Look at Unreal Engine 5 Nanite tech talk by Brian Karis (Journey to Nanite) talk
– https://www.youtube.com/watch?v=NRnj_lnpORU
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Virtual Texturing

Example #2:

Adaptive Shadow Maps (ASM)

• On CPUs: Fernando et al., ACM SIGGRAPH 2001

Resolution-Matched Shadow Maps

• On GPUs: Aaron Lefohn et al., ACM Transactions on Graphics 2007
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(Adaptive Shadow Maps)
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(Adaptive Shadow Maps)
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Virtual Texturing

Example #4:

Unreal Engine 5 Virtual Texturing

https://dev.epicgames.com/documentation/en-us/unreal-engine/
virtual-texturing-in-unreal-engine

https://dev.epicgames.com/documentation/en-us/unreal-engine/
streaming-virtual-texturing-in-unreal-engine

https://dev.epicgames.com/documentation/en-us/unreal-engine/
virtual-texture-memory-pools-in-unreal-engine

https://dev.epicgames.com/documentation/en-us/unreal-engine/
virtual-texturing-settings-and-properties-in-unreal-engine



Unreal Engine 5 Virtual Texturing

Run-Time Virtual Texturing

• Procedurally generate hires texture content; materials, etc.
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Unreal Engine 5 Virtual Texturing

Streaming Virtual Texturing

• Stream texture data from disk; default tile size 128, up to 4K tiles

• Also: pre-baked hires light maps, etc.
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Unreal Engine 5 Virtual Texture Memory Pools

One pool for virtual textures of each type/format

• Can use residency mipmap bias (mipmap LOD bias)
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Virtual Texturing

Example #5:

Petascale Volume Rendering

• Interactive Volume Exploration of Petascale Microscopy Data Streams Using
a Visualization-Driven Virtual Memory Approach,
Hadwiger et al., IEEE SciVis 2012

http://dx.doi.org/10.1109/TVCG.2012.240



Petascale Volume Rendering
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multi-resolution
page directory



Petascale Volume Rendering
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spatial coherence:
look-up overhead very small
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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_lnpORU

• Lumen: Real-time Global Illumination 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
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Lumen: Fully Dynamic Global Illumination



MegaLights: Stochastic Direct (!) Lighting



Thank you.


