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AGENDA

Introduction to Variable Rate Shading (VRS)
API Support

DirectX 11, 12, Vulkan and OpenGL
NVIDIA Adaptive Shading (NAS)

Content adaptive shading

Motion adaptive shading
Implementation in Wolfenstein II: the New Colossus

Demo
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INTRODUCTION TO
VARIABLE RATE SHADING



OVERVIEW

Why do we need variable rate shading?

The cost of pixel shading increases dramati c,
Enhanced realism and special effects
Higher resolution and framerate
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OVERVIEW

Pixel Shading Inefficiencies

Shader gets run
every single pixel,

regardless of content

Image from Wolfenstein Il: the New Colossus 5 @A



OVERVIEW

Variable Rate Shading (VRS) is a new GPU feature to reduce shading cost adaptively
Available on NVIDIA Turing GPUs
Supported by multiple APIs

Basic idea:
Vary the shading rate, maintain the visibility rate
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Vertex Shading Reduced Resolution Rendering

Tessellation
Geometry Shading

+ -
Upscaling

Upscaling

Rasterization
Pass

Lower Lower Jagged
Resolution Resolution Edges
Rasterization Shading

After Upscaling
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Vertex Shading
Tessellation
Geometry Shading

Rasterization

Native
Resolution
Rasterization

Variable Rate Shading

No
Upscaling
Pixel Needed

Shading

2x2

1x1
Shading Ratelmage
(1 entry per 16x16
screen tile)
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OVERVIEW
Variable Rate Shading (VRS)

Rasterize at full sample rate, shade at specified shading rate, broadcast to all covered samples

1x1 shading 4x4 shading
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OVERVIEW
Variable Rate Shading (VRS)

Rasterize at full sample rate, shade at specified shading rate, broadcast to all covered samples

1x1 shading 4x4 shading
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OVERVIEW

Variable Rate Shading (VRS)

Rasterize at full sample rate, shade at specified shading rate, broadcast to all covered samples

1x1 shading 4x4 shading
0|0(0|6[|0|0|0|0 0 0006/00060
0/0(0|0[(0|0|0|0 0 00 0|0 00 0
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0/0(0/06(0|0|0|0 0 x <
T T = < === 0] 0
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0|06|0(0|06(0|0|0
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OVERVIEW

Variable Rate Shading (VRS)

Rasterize at full sample rate, shade at specified shading rate, broadcast to all covered samples

1x1 shading 4x4 shading
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0/0|06(0(0|0|0|0 0 000|000 0
0/0|6/6/0/0|0|0 0 0006/0000
0/0/06|0(0|0|0|0 0 000/00O00O0
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OVERVIEW

Shading rate options




GOALS

The goal of variable rate shading is to only shade at the detail when necessary
This savesshading costs in forward passes
This helps if the draw is limited by shading unit costs

Twocasesitdoesnodots hhoedlpdndot hurt, either!
The draw is framebuffer bandwidth or front -end limited

The primitive -to-pixel ratio is close to or larger than 1
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D

VARIABLE RATE SHADING (VRS)
VRS and MSAA

VRS is an extension to MulttSample Anti-Aliasing (MSAA):
Shading rate is decoupled from visibility sampling rate (fixed ratio in MSAA)
On Turing, VRS supportshybrid supersampling:
Shade >1 per pixel (supersampling), or <1 per pixel (coarse) on the same screen
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- 0 10 Hlelofolo| ottt Fa-oolof Colalol’s

0 o] 00|00 [0] [95]%|°%|%| (090000
2X2 coarse 2x1 coarse 1x2 coarse 1x1 (MSAA) 2X 4x

supersampling supersampling
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FLEXIBILITY

Twelve modes to choose from per 16x16 screen tile

Shading rate modes Number of pixels/samples to broadcast to
i MSAA Mode
I _ _ MRS Coarse mode
Modes  Threads/Pixel Pixels/Thread Off (1x)  2x 4x 8x 16x
Cull 0 - Off (1x1) 1 2 4 8 16
Supersamp 1,2, 4,8,16 - 2x1/1x2 2 4 8 16 X
Coarse 2x1, 1x2, 2x2, 2Xx2 4 8 16 X
4x2, 2x4, 4x4
4x2/2x4 8 16 X
4x4 16 X X
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INTERPOLATION

Like MSAA, coarse pixel attributes are interpolated in coarse pixel center

Centroid mode can help with out of gamut interpolation
(gradient s need to be adjusted manually)

j of
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CUSTOMIZE COVERAGE

Write to selected pixels only

Similar to MSAA, coverage mask can be modified in the pixel shader
Useful for per -pixel alpha test when shading coarse

shader outputs

shade once covmask pixels written
. : : = : : e
i 600 5i0i0

b 5i0i6i6 6i0i04i0
50 R
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APPLICATIONS

Common use cases

Application has flexibility to change shading rate to whatever it likes

Foveated Lens-matched
shading shading
Adaptive Selective

shading supersampling
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APl SUPPORT



VARIABLE RATE SHADING

App queries VRS support

App creates R8ui shading rate texture {w/ tileSize, h/ tileSize}

App fills the shading rate texture with desired pattern

App enables VRS in the graphics pipeline and binds shading rate texture

App issues draws
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DX11 NVAPI

App queries VRS support

App creates a regular Texture2D (R8_UINT) for shading rate
App creates a new custom type of View (like RTV/SRV/UAV)

App populates this texture with shading rate pattern (draw/compute/upload)

App programs Shading Rate Lookup Table per viewport
App binds the shading rate resource view

App issues scene draw

22
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DX11 NVAPI

Shading rate lookup table

0 1x1 .
1 2x2 ﬁz;
//_’ 2 x4
. 3 1x2
212 4 x4
5 x1 fe—o | t
480/ 16 E . o —————— 2x1 16px 480
v
=30 7 1x1 —
16px
8 1x1
L J 4 9 1x1
- > 2x4
640/ 16 = 40 0 | v
] 11 1x1 le N
Shading Rate Surface 12 | m 640
13 1x1
2 T Render Target
15 CULL

Shading Rate
Look-up Table
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VULKAN API

VK _NV_shading_rate image

App creates the shading rate image
[ vkCreatelmage , VK_IMAGE_USAGE_SHADING_RATE_IMAGE_BIT_NV]

App creates image view
[ vkCreatelmageView |

App populates this texture with shading rate pattern (draw/compute/upload)

App enables shading rate image usage in the pipeline
[VkPipelineViewportShadingRatelmageStateCreatelnfoNV.shadingRatelImageEnable]

App programs the per-viewport shading rate palette entries
[ VkPipelineViewportShadingRatelmageStateCreatelnfoNV. pShadingRatePallettes/. viewportCount |

App binds the shading rate image
[ vkCmdBindShadingRatelmageNV|

App issues scene draws
[ gl_FragmentSize] (  optional, access shading rate in GLSL )

24
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VULKAN API

Additional info

Resource transitions are explicit (VRS specific - VK _ACCESS SHADING RATE IMAGE READ BIT NV,
VK_IMAGE_LAYOUT_SHADING_RATE_OPTIMAL_NV

https://www.khronos.org/reqistry/vulkan/specs/1.1 -
extensions/html/vkspec.html#VK NV shading rate image
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https://www.khronos.org/registry/vulkan/specs/1.1-extensions/html/vkspec.html#VK_NV_shading_rate_image

OpenGL API

GL_ NV _shading_rate image

App creates shading rate image
[ TEXTURE_2D{_ARRAY}, R8UI ]

App populates the image with shading rate pattern
[ Tex{Sub}image2D ]

App programs the per viewport shading rate palette entries
[ ShadingRatelmagePaletteNV ]

App binds the shading rate image
[ BindShadingRatelmageNV |

App enables shading rate image usage
[ Enable(SHADING_RATE_IMAGE_NV) |

App draws the scene
[ gl_FragmentSize](  optional, access shading rate in GLSL )

26
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DX12 API

Typical usage

App queries device tier and caps
[ CheckFeatureSupport , D3D12_FEATURE_D3D12_OPTIONS6, D3D12_SHADING_RATE_TIER]

App creates shading rate texture
[ D3D12_RESOURCE_STATE_SHADING_RATE_SOURCE, DXGI_FORMAT_R8_UINT ]

App populates the texture with shading rate pattern
[ Compute/Copy/Clear |

App sets the base shading rate and combiner function
[ RSSetShadingRate, D3D12_SHADING_RATE_COMBINER ]

App binds the shading rate image
[ RSSetShadingRatelmage |

App draws the scene
[ SV_ShadingRate ] (optional, read shading rate or set per - primitive shading rate in HLSL

27
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Per-Primitive Shading Rate
( VVS/GS output)

Image-Based Shading Rate

DX12 API

Pipeline Base Shading Rate

~.

.
lc

Final Shading Rate

Passthrough C=A

Override C=B

Higher quality | C=min(A, B)

Lower quality C = max(A, B)

Relative C=A+B(inlog2 space)

Where A, B, C are int2 shading rate s
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DX12 API

Query Device Capabilities

struct D3D12_FEATURE_DATA D3D12 OPTIONS6

{
/[ NVIDIA: True on Turing (4 X2, 2x4, 4x4 supported)

BOOL AdditionalShadingRatesSupported;

I/ NVIDIA:  False on Turing ( support either per - prim rate or VP indexing)
BOOL PerPrimitiveShadingRateSupportedWithViewportindexing;

/ NVIDIA: Tier 2 on Turing
D3D12 VARIABLE _SHADING_ RATE_TIER VariableShadingRateTier;

/[ NVIDIA: 16
UINT ShadingRatelmageTileSize;
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DX12 API

DX12 allows setting per-primitive shading rate more easily
(other APIs need to use multi -viewport)

DX12 offers fixed-function combiners for different shading rate sources
(other APIs need to program the per -viewport shading rate LUT)

DX12 does n dybridsupeps@npling yethavailable in other APIs now)

DX12 has fixed coverage mask sample order and shading rate palette

30
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DX12 API

Further readinge

Spec: http://aka.ms/vrsspec

Mi crosoftodos VRS GDC19 tal ks:

DirectX: Boost Rendering Performance with Hardware Accelerated Variable Rate
Shading (VRS

Shawn Hargreaves et al. Wednesday, March 20, 2019, 2:00pm - 3:00pm

DirectX: Variable Rate Shading, a Deep Dive, Deriving Screen Space Shading Rate,
Implementation Tips and Sparse Lighting (Presented by Microsoft)

Martin Fuller . Wednesday, March 20, 2019, 3:30pm- 4:30pm

31 ANVIDIA.


http://aka.ms/vrsspec
https://schedule.gdconf.com/session/directx-boost-rendering-performance-with-hardware-accelerated-variable-rate-shading-vrs-presented-by-microsoft/865430
https://schedule.gdconf.com/speaker/hargreaves-shawn/24593
https://schedule.gdconf.com/session/directx-variable-rate-shading-a-deep-dive-deriving-screen-space-shading-rate-implementation-tips-and-sparse-lighting-presented-by-microsoft/865785
https://schedule.gdconf.com/speaker/fuller-martin/54485

NVIDIA ADAPTIVE SHADING (NAS)

+« CONTENT ADAPTIVE SHADING



WHY ADAPTIVE SHADING?

Variable rate shading introduces error to the results
We dono6t want the error to be visible

Visibility of error depends on:
Spatial frequency
Contrast
Motion



Campbell-Robson CSF chart
Courtesy of |zumi Ohzawa

Contrast

ADAPTIVE SHADING

Contrast Sensitivity in HVS

Spatial frequency
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http://ohzawa-lab.bpe.es.osaka-u.ac.jp/ohzawa-lab/izumi/CSF/A_JG_RobsonCSFchart.html

Campbell-Robson CSF chart
Courtesy of |zumi Ohzawa

Contrast

ADAPTIVE SHADING

Error introduced by
Contrast Sensitivity in HYS ~ coarse shading is in

this frequency range
Spatial frequency A

e I
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http://ohzawa-lab.bpe.es.osaka-u.ac.jp/ohzawa-lab/izumi/CSF/A_JG_RobsonCSFchart.html

ADAPTIVE SHADING

Higher resolution -> Higher PPI
-> Details are in higher spatial frequency (lower sensitivity)

-> Larger headroom to enable VRS

Higher pixel-to-primitive ratio improves VRS performance
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ADAPTIVE SHADING FLOW

Analyze last rendered frame

Previous frame

Shading rate
——————— texture

Current frame

Reproject T~

N

Shading Rate
Compute
Pass

Forward
Shading
Pass
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