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Yerex byfer

Indox byfer

Compute
data

Face point
Compute shader

Edge point
Compute shader

Vertex point
Compute shader

Face points tabie

80123
20156

Edoe points table

140189
1555610

Venex ponts abie

26:0123
27:01586
28




Quad Edge Mesh

}

Eopposim

half edge

abpa jjey



face

half edge
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Quad Edge Mesh
struct HalfEdge

HalfEdge *opposite;
HalfEdge *facePrev;
HalfEdge *faceNext;
HalfEdge *vertPrev;
HalfEdge *vertNext;
int face;
int vertO;
int vert1;



Quad Edge Mesh

Sample implementation
in JavaScript + WebGL

http://wadeb.com/subd
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MathBox created by Steven Wittens
http://acko.net/

Vertex shader
Loads control points

Hull shader
Tweaks control points
Calculates tess factors

I

i

Vertex buffer

l Tessellator J
]
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Domain shader

Makes final vertices

|

Tessellation
data flow
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Pixel shader
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Feature Adaptive Subdivision

Feature Adaptive GPU Rendering of Catmull-Clark
Subdivision Surfaces
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8.1 Comparison to Global Mesh Refinement i o
Table 1. Timing using the Big Guy model for our scheme (feature 3 — g —
adaptive patching) compared against our global table driven 2" i »
subdivision method and the previously published GPU subdivision : e s S
algorithm by Shiue et al.. Note that all timings include final £ =
rendering, while we additionally break out draw time for our global ? “ Lw
subdivision scheme, § - Ows (WT) ; ® Ours (WT)
Subdivision Level [0 T 21 3 |3 i

Global Table Subdivision 0.06 . 0.18 0.79 3.07 12.05
Draw Time (Table Subd.) § 004 | 0.06 | 0.37 1.45 5.78 I

4

Feature Adaptive Patching ! 0.10 | 020 | 034 @ 08I 230 _J gl =~
Shiue Subdivision 062 | 726 | 1397 | 2142 | 3493
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Feature Adaptive Subdivision

NielRner's implementation
http://research.microsoft.com/en-us/downloads/aae4b28d-bcc7-46b5-b179-718f1ead28fb/

OpenSubdiv

https://github.com/PixarAnimationStudios/OpenSubdiv



Implementation steps

Offline Global Subdivision

In the model converter
Rendered as triangles
Test DCC parity

Runtime Global Subdivision
*>1 Model converter calculates influence tables
Vertices evaluated by compute shaders

Still rendered as triangles
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Cracks
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@ transition point e irregular border edge



' BE" N4
















Screen Space Adaptive

(Lu-O + Lu-1)

L = projected limit surface d = curvature metric
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Edge Extrapolation

®-20-0
0-20-0
®-20-0
®-20-0




Corner Extrapolation

[Hull shader ]
Tweaks control points

 9-10-20-20+6

' ®-20-66 ©-20-6
0-20-06 0-200
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Cache the compute shader output

*if it's not animated

gr— 7



Yy ARNINES L‘mknov;'n dvar'r NR il VBl /e vi
PIR=INING: unknown dvar 'r_gloy ey e YSion e

YWARNINERUIRENT R RY ST = EedintensityD' in file 'vision/wade_gdc
YWARNINERV G Rl S) yBleedintensicy?' in file 'vision/wade_gdo.vision'
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HS thread flow




Compute shader
Loads control points

Culls patches
Calculates tess factors
Stores tess factors

1

CS as HS

Hull shader

Tweaks control points
Loads tess factors

.[ Tessellator

Tessellation factors buffer

patche: 4 4 2222
patchl:
patch2:
patchl:
patchd:

[culled)
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Hull shader

Tweaks control points
Loads tess factors

Domain shader
Makes final vertices

H Tessellator

Domain shader
Makes final vertices

|

¥

[th shader

]




CS thread flow
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Dispatch Dispatch Dispatch Dispatch Dispatch Dispatch Dispatch m
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Unordered Access View of a raw buffer
e~ 4
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Compute dispatch serialization
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Bottleneck mitigation
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Vertex shader

Hull shader

Domain shader

mulmo s dm e le IV R
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Low utilization



Vertex shader

Hull shader

Domain shader

B Parameter cache? 3



HLSL Assembly

Vertex Shader Vertex Shader

8 VGPR 16 SGPR 7 VGPR 8 SGPR
Hull Shader Hull Shader

24 VVGPR 32 SGPR 24 VGPR 40 SGPR
Domain Shader Domain Shader

60 VGPR 40 SGPR 24 VGPR 40 SGPR



HLSL Assembly

Domain Shader Domain Shader
60 VGPR 24 V/GPR
GCN VGPR Count <=24 |28 |32 |36 |40 |48 |64 [84 [<=128 |>128 |

table by Layla Mah, AMD

4 waves per SIMD 10 waves per SIMD



Vertex shader

Hull shader

Domain shader
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- Wave launch rate
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Shader Engine

SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD
SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD SIMD

VS/HS/DS wave rate is 1 CP / clock 64 clocks / wave
36 SIMDs @ 64 clocks / wave 2304 clocks latency

Our waves run in < 2000 clocks

Occupancy limit is 1
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Limit to fewer CUs

W Fill the rest of the GPU with async compute
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$ H Mix w/async compute

Let the GPU load balancer schedule everything




Async compute
Skinning
Tension mapping

Blend shapes POSt FX’)

Hull shaders
Ambient occlusion
Depth decompress

920 520 1 520
] ] i




Vertex shader

Control point 0
Control point 2
Control point 4
Control point 6

Control point 8

Control point 10

Control point 1
Control point 3
Control point 5
Control point 7

Control point 9
Control point 11

Hull shader

Control point 0
Control point 2
Control point 4

Control point 6

Control point 8

Control point 10

Control point 1
Control point 3
Control point 5

Control point 7

Control point 9
Control point 11

Control point 12 Control t13
Control point 12 Control point 13 ontro! pos ontrol poin

Control point 14 Control point 15

Control point 14 Control point 15
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Compue Aspach sealevn







Displacement

bias 0 scale




Layering

result

a:

a=1

a=1

a=1



Parallax mapping

...................................................................................................

uvy

1. sample height in PS
2. project eye ray to extruded plane, adjust uv
3. sample normal, color, spec



Smooth normal — Phong smoothing Hard normal — Gap fill
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Distance fade

| :
full tessellation i lerp | no tessellation
|
i out !
' |}



Evac to the river for exfil.

Stream
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