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https://youtu.be/4tk8lkmYGWQ?t=21
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idTech : Driving the iconic FPS games at id Software
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Mission -Statement for idTech  8 and DOOM: The Dark Ages

Å Higher - fidelity geometry and material layering
Å¬More of everythingº: Triangles, NPCs, Map-sizes,ṏ.
Å 60 FPS + low latency across all targets
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Fast -Forward: September 2024 (Release: May 2025)

Å ~8 Months before ship date
Å Main content and design done
Å Nowhere near our performance targets
Å Optimizations desperately needed
Å Engine department entered optimization phase across the board

Å Some of us focused on opaque geometry rendering
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Dissecting Opaque Geometry Bottlenecks

Å Opaque geometry rendering contributes to ~40% of total frametime
ÅWhere do we lose performance?

Observations :

Å Opaque rendering pipeline : Clustered Forward+

Å Two full geometry -passes needed

Å Complex texturing & lighting shader
Å Added features (POM, Material -blending,ṏ)
Å Large code -size, high VGPR count

Å Main slowdowns on views with high triangle density
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Dissecting Opaque Geometry Bottlenecks

Å Profiling showed: Very bad quad utilization efficiency
ÅWhat is quad utilization anyway?
ÅLet¢s look at a quick example of a rasterized triangle somewhere on screen

Active threads

Helper threads

14 active  threads + 18 helper  threads = 32 pixel shader threads overall
Quad utilization: 14 active / 32 overall = 43% of threads ¹utilized¬
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Dissecting Opaque Geometry Bottlenecks

Å Quad utilization efficiency becomes worse  with smaller triangles 
(at constant resolution)

14 active / 32 overall = 43% utilization 2 active / 8 overall = 25% utilization
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Dissecting Opaque Geometry Bottlenecks

How to deal with bad quad utilization efficiency?

Å Can¢t avoid quad-shading in HW rasterization

Å Software rasterization for sufficiently small triangles? -> Out of scope

Å Limit impact of helper - thread overhead
Å Make depth pass the only rasterized geometry pass
Å Will suffer from helper - threads, but cheap shader logic
Å Expensive texturing & lighting logic: Avoid expensive helper - thread overhead

( e.g. offload  to compute shader )
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Dissecting Opaque Geometry Bottlenecks

Å Need triangle -attributes per pixel (e.g. UVs, derivativesṏ) 

Å Need to dispatch different compute shaders for different groups 
of pixels (e.g. different materials,ṏ)

Å No hardware -VRS usable anymore

Triangle Visibility Buffer
+Attribute Interpolation

Material Compute Dispatch

Variable -Rate Compute 
Shaders (VRCS)

While we¢re at it: 
Å Split texturing -  & lighting into separate passes
Å Lower VGPR count for each stage
Å Easier for shader -compilers to optimize
ÅWe had G -Buffer anywayṏ  

Things to solve when Texturing & Lighting is done in compute:
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Interlude: Clarifying Terminology / Common idTech  concepts

Models

Surfaces
(Mesh -part + Material)

Å¹Surfaces¬ are the smallest elements from models 
that we render.

Å Identifies a portion of the geometry + a material

Å¬Materialº: Textures + Parameters ² not shader

Å Vertex Position + attributes available as large 
buffer on GPU

Å GPU-Driven model -gather & (triangle -)culling

Å Material -Textures are ¹bindless¬
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Triangle Visibility Buffer

Å Generated during Depth Prepass early in frame
Å Writing gl_PrimitiveID  in pixel shader
Å ¹Depth Prepass¬ Ą ¹Visibility Pass¬

Visibility Buffer (RG 32)
| 0 ... 31 | 0 ... 31 |

Triangle Index (32 bits) 1

Instancing?

1

Winding Order

Surface Index (21 bits)

Triangle Index

Surface/Instance Index

Å 64 bpp  texture storing:
Å Triangle index 

(resolved to pre -culled index; relative to mesh)

Å Surface/Instance index
Å Flag: Winding order
Å Flag: Uses HW -instancing?
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Triangle Visibility Buffer

Å Export more data during Visibility Pass?
Å UV-Derivatives?
Å Tangent Frame?
Å Both required for texturing/lighting later on
Å Trivially available during Visibility Pass (HW rasterization with quad helper threads)

Let¢s profile!
Å ¹Slim¬ Visibility Buffer @ 64 bpp  (Triangle -  & Surface Index)
Å No measurable performance impact
Å Still bottlenecked by vertex processing; Adding more pixel -exports ¹free¬.

Å ¹Fat¬ Visibility Buffer @ 128 bpp  (¹Slim¬ + UV-Derivatives + Tangent Frame)
Å Performance impact measurable now
Å Bottleneck becomes pixel -export bandwidth L

Ą Stick to ¹Slim¬ variant and reconstruct from barycentrics  later
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Material Dispatch Generation

Å Visibility buffer generated ² now what?
Å Need to derive draw -calls from it

Å Lots of good references around  
e.g. Horizon: Forbidden West ( [McLaren22] ), Epic Games ( [Karis21] , [Wihlidal24] ), 
Eidos Dawn Engine ( Doghramachi17 )

Two often -cited approaches:
Å Quad-Dispatch

Å Render (Fullscreen -) Quad per material. 
¹Early-out¬ on pixels not matching material

Å Compute Dispatch
Å Build explicit lists of pixels per material
Å Sort into GPU -Waves and dispatch over them

Å Ą Decided to go with Quad -Dispatch first (faster to get up and runningṏ)


