
CS 380 - GPU and GPGPU Programming
Lecture 29: GPU Virtual Texturing +

Virtual Geometry; Unreal Engine 5
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Reading Assignment #11 (until Nov 18)

Read (required):

• Look at Vulkan sparse resources, especially sparse partially-resident images
– https://docs.vulkan.org/spec/latest/chapters/sparsemem.html

• Read about shadow mapping
– https://en.wikipedia.org/wiki/Shadow_mapping/

• Look at Unreal Engine 5 virtual texturing
– https://dev.epicgames.com/documentation/en-us/unreal-engine/

virtual-texturing-in-unreal-engine/

• Look at Unreal Engine 5 MegaLights
– https://dev.epicgames.com/documentation/en-us/unreal-engine/

megalights-in-unreal-engine/

Read (optional):

• CUDA Warp-Level Primitives
– https://developer.nvidia.com/blog/using-cuda-warp-level-primitives/

• Warp-aggregated atomics
– https://developer.nvidia.com/blog/

cuda-pro-tip-optimized-filtering-warp-aggregated-atomics/
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Next Lectures

Lecture 30: Mon,  Nov 18: Quiz #3



GPU Virtual TexturingGPU Virtual Texturing



Divide texture up into tiles

• Commit only used tiles to memory

• Store data in separate physical texture

Virtual Texture

Physical Texture

Virtual Texturing



Use indirection table to map virtual to physical

• This is also known as a page table

Virtual Texturing
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(Adaptive Shadow Maps)
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Virtual Geometry
(and Texturing)

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_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



Virtual Geometry



Virtual Geometry



Virtual Geometry



Virtual Geometry

























Lumen: Fully Dynamic Global Illumination



MegaLights: Thousands of Light Sources



Thank you.


