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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 29: Thu,  Nov 14: 10:00-11:30 (on Zoom)

Lecture 30: Mon,  Nov 18: Quiz #3



GPU Virtual TexturingGPU Virtual Texturing
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Virtual Texturing

Example #1:

ARB Sparse Textures (originally: AMD Partially Resident Textures)

ARB_sparse_texture / ARB_sparse_texture2

https://www.khronos.org/registry/OpenGL/extensions/ARB/ARB_sparse_texture.txt

https://www.khronos.org/registry/OpenGL/extensions/ARB/ARB_sparse_texture2.txt

Hardware Virtual Texturing, Graham Sellers,
from SIGGRAPH 2013 course “Rendering Massive Virtual Worlds”

https://cesiumjs.org/hosted-apps/massiveworlds/downloads/Graham/Hardware_Virtual_Textures.pptx



Divide texture up into tiles

• Commit only used tiles to memory

• Store data in separate physical texture

Virtual Texture

Physical Texture

Virtual Texturing



Memory requirements set by number of resident tiles, not texture 
dimensions

RGBA8, 1024x1024, 64 tiles

PhysicalVirtual

1536 kB4096 kBMemory

Virtual Texturing



Use indirection table to map virtual to physical

• This is also known as a page table

Virtual Texturing



GPU Virtual Memory
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Summary (Shader vs. Full Hardware Support)
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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)



14

Virtual Texturing

Example #3:

id Tech 5 Megatextures, id Software

Rage

• Virtual Texturing in Software and Hardware, van Waveren et al.,
SIGGRAPH 2012 course notes + slides

http://www.jurajobert.com/data/Virtual_Texturing_in_Software_and_Hardware_course_notes.pdf

http://www.mrelusive.com/publications/papers/Software-Virtual-Textures.pdf

http://www.mrelusive.com/publications/presentations/2013_siggraph/hq_sw_hw_vts_12.pdf
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Virtual Texturing

Rage / id Tech 5 (id Software)
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Virtual Texturing

Example #4:

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



Thank you.


