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Overview

 Shader toolchain
- Projects
- SPIR-V Legalization
e Coverage: HLSL
- Shader models
- Language features
» Coverage: Vulkan
- Vulkan-specific features
- Extensions
. Using DXC
- Target environment & extensions
- Resource descriptor assignment
- Resource memory layout

e SPIRV-Reflect
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Shader Toolchain: A Little Bit History

 Glslang

- Pioneered HLSL to SPIR-V compilation

- 6 months before Microsoft open sourced ...
 DirectXShaderCompiler (DXC)

- Microsoft’s next-gen HLSL compiler open sourced January 2017

- Google contributing SPIR-V CodeGen (a.k.a. Spiregg) since April 2017

- Learnt a lot from Glslang’s experience
- Cooperate with Glslang when features land in both

e HLSL to SPIR-V compilation

- Recommend DXC as the forward path
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Shader Toolchain: Compiler Internal Flow

Source AST Vanilla
HLSL | Parsing > | Initial CodeGen> SPIR-V

Legal Optimized
| Legalization > SPIR-V | Optimization > SPIR-V

NOS

Final
| Verification > SPIR-V

KHROS
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Shader Toolchain: Compiler Internal Flow

Source
HLSL

DXC
| Parsing > AST

E Legal
| Legalization > SPIR-V

SPIRV-Tools

_________________________________________________________________________________________

| Initial CodeGen >

| Optimization >

| Verification >

Vanilla
SPIR-V

Optimized
SPIR-V

Final
SPIR-V
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Shader Toolchain: Projects

« HLSL to SPIR-V compiler
- DXC

« SPIR-V legalization
- SPIRV-Tools

e SPIR-V optimization
- SPIRV-Tools

e SPIR-V verification
- SPIRV-Tools

e SPIR-V reflection
- SPIRV-Reflect
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Shader Toolchain: SPIR-V Legalization

« HLSL: Permissive and flexible language
- Literal translation may result in illegal SPIR-V for Vulkan driver consumption

- Drivers assume FXC “equivalent” transformations

» Need transformations to legalize SPIR-V
- Share infrastructure with optimizations within SPIRV-Tools
- Cooperate with the community and IHVs to improve rapidly

© Copyright Khronos™ Group 2018 - Page 7



SPIR-V Legalization Example 1

// Opaque types within structs
struct S {
Texture2D tex;
SamplerState samp;

b

Texture2D gTexture;
SamplerState gSampler;

float4 doSample (S comb, floatZ2 loc) {
return comb.tex.Sample (comb.samp, loc);

wn- }

(e}
O: float4d main(float2 loc : LOC) : SV Target {
Z S comb = {gTexture, gSampler};

return doSample (comb, loc);

KHROS
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SPIR-V Legalization Example

// Opaque types within structs

Texture2D gTexture;
SamplerState gSampler;

float4 main(float2 loc : LOC) : SV Target {

+ return gTexture.Sample (gSampler, loc);

}

1 (Legal)
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SPIR-V Legalization Example 2

// Aliasing structured buffers
AppendStructuredBuffer<float> Data;

void doAppend (AppendStructuredBuffer<float> data)
{

AppendStructuredBuffer<float> local = data;
local.Append(1l.)

[numthreads (1, 1, 1)]
volid main () {
doAppend (Data) ;
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SPIR-V Legalization Example 2 (Legal)

// Aliasing structured buffers
AppendStructuredBuffer<float> Data;

[numthreads (1, 1, 1)]
volid main () {

+ Data.Append(1l.);
}
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Shader Toolchain: Progress & Status

Microsoft / DirectXShaderCompiler

Dec 25, 2016 — Apr 28, 2018

ﬁ antiagainst #1
71 313 commits 70,683 ++ 23,756 --

2017 March May July Septembddovember 2018 March
g
70 0n
=)
O g
Om E ehsannas #3
o 133 commits 29,851 ++ 3,761 --
2017 March May July Septembedovember 2018 March

KHROS

» Active Development
e Quick response to issues

KhronosGroup / SPIRV-Tools

March 28, 2018 — April 28, 2018

Overview

30 Active Pull Requests

27 3
Merged Pull Requests Proposed Pull Requests

Excluding merges, 17 authors have pushed 66
commits to master and 66 commits to all
branches. On master, 156 files have changed
and there have been 24,667 additions and
1,973 deletions.

e Mature-ish

Period: 1 month v

45 Active Issues

24 o2
Closed Issues New Issues
15
10
5
0 g | ¥ -_= _s
[ LARSEF 4] 517 1 B ¥
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Coverage: HLSL Shader Models

 Shader Model 5.1 and below

- Fully supported
- Excluding features without Vulkan equivalent

» Shader Model 6.0

- Wave intrinsics: fully supported
- 64-bit integers: fully supported

« Shader Model 6.1

- SV_ViewlD: supported
- SPV_KHR_multiview
- SV_Barycentrics: supported
> - SPV_AMD_shader_explicit_vertex_parameter

« Shader Model 6.2 -
- 16-bit types: in progress
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Coverage: HLSL Language Features

« C++7sh features
- Resource types and methods
- Namespaces
00 (static) class members
OO0 (static) class methods
OO0 this pointer
OO0 inheritance

NOS

« Common code patterns
- Grouping resources in structs
- Aliasing structured buffers

KHROS
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Coverage: Vulkan/SPIR-V Features

« Descriptors
- [ [vk::binding (<binding#>, <set#>)]]
- [[vk::counter binding (<binding#>)]]
» Push constants
- [[vk::push constant]]
« Subpass inputs
- class SubpassInput <T> { T SubpassLoad(); 1}

—class SubpassInputMS<T> { T SubpassLoad(int samplelIndex); };
- [[vk::input attachment index (<index#>)]]

o Builtins
- [[vk::builtin(“<builtin>")]]
- e.8., [[vk::builtin(“"DevicelIndex”) ]]
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Coverage: Vulkan/SPIR-V Extensions

 Supported
SPV_KHR_device_group
SPV_KHR_multivew
SPV_KHR_shader_draw_parameters
SPV_EXT_fragment_fully_covered
SPV_EXT_shader_stencil_support
SPV_AMD_shader_explicit_vertex_parameter
SPV_GOOGLE_hlsl_functionality1
 In progress -

- SPV_KHR_16bit_storage

- SPV_EXT_descriptor_indexing
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Using DXC: Downloads and Docs

e Pre-built binaries

- Rolling release build from latest master branch:

- ci.appveyor.com/project/antiagainst/directxshadercompiler/branch/master/artifacts
e Build steps

- If you want to build the compiler by yourself:

- github.com/Microsoft/DirectXShaderCompiler/wiki/SPIR%E2%80%90V-CodeGen

e User manual

- How HLSL and Vulkan language features are translated:

- github.com/Microsoft/DirectXShaderCompiler/blob/master/docs/SPIR-V.rst
« Compiler internals

- Detailed blog posts on translation difficulties and design choices of selected topics:
- antiagainst.github.io/categories/hlsl-for-vulkan/ (WIP)
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Using DXC: Target Environment & Extensions

e SPIR-V target environment
- -fspv-target-env={vulkan1.0|vulkan1.1}
- Missing: default to vulkan1.0

e SPIR-V Extension
- -fspv-extension=<extension1> -fspv-extension=<extension2> (whitelist)

- Missing: default to choose suitable extensions for HLSL source
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Target Environment Example

RWStructuredBuffer<float> MyBuffer;

[numthreads (8, 1, 1)]
void main (uint3 1d : SV DispatchThreadID) {

MyBuffer[id.x] = WaveGetLaneIndex () ;
}

e dxc -spirv -T ¢s_6_0:
- error: Vulkan 1.1 is required for WaveGetLanelndex but not permitted to use

e dxc -spirv -T ¢s_6_0 -fspv-target-env=vulkan1.1:
- success
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Extension Example

floatd4d main (
[ [vk: :builtin (“DevicelIndex”)]] uint devicelIndex : A,
uint viewId : SV_ViewID
) : SV _Target {
return devicelndex + viewlId;

}

o dxc -spirv -T ps_6_1:
- success: use SPV_KHR_device_group & SPV_KHR_multiview

e dxc -spirv -T ps_6_1 -fspv-extension=SPV_KHR_device_group
- error: SPIR-V extension ‘SPV_KHR_multiview’ required for SV_ViewlD but not permitted

e dxc -spirv -T ps_6_1 -fspv-extension=KHR
- success: allow all KHR extensions
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Using DXC: Resource Descriptor Assignment

« Source code: explicit control
- [ [vk::binding (<binding#>, <set#>)]]
- [[vk::counter binding (<binding#>)]]

« Source code: leveraging : register (xX, spaceY)
- X: binding#, v: set#
- x: ignhored

« Command-line: :register () to descriptor mapping shift
N - -fvk-b-shift <shift-amount> <set#>
-fvk-t-shift <shift-amount> <set#>
-fvk-s-shift= <shift-amount> <set#>
- -fvk-u-shift= <shift-amount> <set#>
Shift for all sets: <set#> ~ “all”
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Descriptor ASSIgnment Example

SamplerState MySamplerl : regilister(s

(s
SamplerState MySampler? : register(s spacel) ;
Texture2D MyTexturel : register(t )'
Texture2D MyTexture?2 : register (t2, spacel)

)

[ [vk::binding(100), vk::counter binding(200) ]

ConsumeStructuredBuffer MyBuffer

reglster(uB);

e dxc -spirv -T ps_6_0 -fvk-s-shift 10 1 -fvk-t-shift 50 all -fvk-u-shift 500 O:

Variable Descriptor Set #
MySamplerl 0
MySampler?2 1
MyTexturel 0
MyTexture?2 1

MyBuffer 0

Counter buffer for MyBuffer

Binding #
1
11
52
52
100
200
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Using DXC: Resource Memory Layout

« Supported three sets of layout rules
- Vulkan, DirectX, OpenGL

Rules CL Option Uniform Buffer Storage Buffer
Vulkan (default) “vector-relaxed” std140 “vector-relaxed” std430
DirectX -fvk-use-dx-layout fxc behavior fxc behavior

OpenGL -fvk-use-gl-layout std140 std430

« Supported :packoffset ()
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SPIRV-Reflect

e Small C/C++ library
- 2 files: 1 header, 1 source
- Cort Stratton + Hai Nguyen

« Reflected information
- -Vertex attributes

- Location, basic type info
Descriptor bindings and sets

- Binding #, set #, descriptor type
Uniform, storage, push constants blocks

- Relative offsets, absolute offsets, raw size, padded size, type info
HLSL resource types

- CBV, SRV, UAV, Samplers
Semantics and associated counter buffers
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Credits

e Outreach to the community and IHVs are invaluable

e Individuals (apologies if missing anyone)
- DXC: Hai Nguyen (Google), Ehsan Nasiri (Google)
- spirv-opt: Diego Novillio (Google), Steven Perron (Google), Alan Baker (Google),

Greg Fischer(LunarG)
- Guidance: David Neto (Google), John Kessenich (Google)

« Companies
- Microsoft
- AMD, Intel, LunarG, Nvidia, Valve

« The Khronos Group
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Thank you!
)

Questions?



