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A Higher -fidelity geometry and material layering
A-More of everytéhi ng? : =shiri
A 60 FPS + low latency across all targets
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~8 Months before ship date

Main content and design done

Nowhere near our performance targets

Optimizations desperately needed

Engine department entered optimization phase across the board
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Some of us focused on opaque geometry rendering

| L_OPAQUI

Static Opague Models Bynanic Opaque Models

DrawsurfacesIndirect DrawsurfacesIndirect
T T [Executelndirect I [Executelndirect [Executels ||
Toverall rect Complex {no shmem) (indirect | [Overall overall rect Complex {no shmem) (indirect count, m: |[Overall

‘? Graphics Programming Conference, November 18-20, Breda

d &

2025



id &

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

Observations :

A Opague renderin ipeline : Clustered Forward+
pag g pIp '.5-7:,
A Two full geometry -passes needed .
&

A Complex texturing & lighting shader 5
A Added features (POM, Material -b | endi ng, 0) - =
A Large code -size, high VGPR count e e () S |

A Main slowdowns on views with high triangle density
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A Profiling showed: Very bad quad utilization efficiency
A What is quad utilization anyway?
ALet ¢Cs | ook alb.a: GErek e anipl e 90 F o rasuerized tri
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. Active threads ...... ‘.
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14 active threads + 18 helper threads = 32 pixel shader threads overall
Quad utilization: 14 active / 32 overall = 43% of akhr eads
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A 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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How to deal with bad quad utilization efficiency?
A Can¢t av eshalinggruHWdrasterization
A Software rasterization for sufficiently small triangles? -> Qut of scope
A Limit impact of helper -thread overhead
A Make depth pass the only rasterized geometry pass

A Will suffer from helper -threads, but cheap shader logic
A Expensive texturing & lighting logic: Avoid expensive helper -thread overhead

(e.g. offload to compute shader )
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Things to solve when Texturing & Lighting is done in compute:

A Needtriangle -at t r i but es per pi xel (Lo e, RyES —d e vat Lve

A Need to dispatch different compute shaders for different groups
of pixels (es"g: dElWeERpEdNl "mMatel al s 0)

A No hardware -VRS usable anymore

While we¢re at it:

A Split texturing - & lighting into separate passes
A Lower VGPR count for each stage
A Easier for shader -compilers to optimize
A WehadG-Buf fer anywayo
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ATSiurfaces= —are“trthe>snulsl est el ements from model s

that we render. y /
S88 -

A Identifies a portion of the geometry + a material

A-Materiatlre: Text u’l adshaderPar amet e Surfaces
i. . (Mesh -part + Material)
A Vertex Position + attributes available as large .
buffer on GPU

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

A Material>Te xt ures are L DbEndl éss S
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A Generated during Depth  Prepass early in frame
A Writing gl_PrimitivelD In pixel shader
A * DepRrdpass-A * Vi si bility Pass -

Visibility Buffer (RG 32)
10 31.}-0 SH

Winding Order!

A 64 bpp texture storing: InSRIcg?.

A Triangle index
(resolved to pre -culled index; relative to mesh)
Surface/Instance index

Flag: Winding order
Flag: Uses HW -instancing?

To o o

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

Let¢8prnfodnl
A 1Sl im= Visibil bppyTriaBglef- & Surfac@nda?
A No measurable performance impact
A Still bottlenecked by vertex processing; Adding more pixel e E T S oo e ey

A tFat- Visibilibpp(B®1i en~Defivathh 8 Tangent Frame)
A Performance impact measurable now
A Bottleneck becomes pixel -export bandwidth L
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A Visibility buffer generated

2 now what?

A Need to derive draw -calls from it
A Lots of good references around

e.g. Horizon: Forbidden West (
Eidos Dawn Engine (

Two often -cited approaches:
A Quad-Dispatch

), Epic Games ( :

A Render (Fullscreen -) Quad per material.

L. Eafoluyt = on

A Compute Dispatch

Pl xelss not—d@tat€h]

A Build explicit lists of pixels per material
A Sortinto GPU -Waves and dispatch over them

ng

mat er |

a l

14



