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SIGGRAPH 2017 GOpenGL 4.6% %%

OpenGL I35 E25FF, S 17E !

Widely used and being evolved to meet customer needs

SPIR-V Z a7 ICHY AL
- Significant increase in shading
language and compiler tooling
flexibility e.g. HLSL
* Glslang open source compiler
updated to support OpenGL 4.6
functionality

MTIORTYYav
* Launch multiple shader
compile threads to improve
shader compile throughput
* Vulkan Interop

NOS

B OARB/EXT TV R T av%#ATICHKE
* Anisotropic filtering for improved texture quality (previously IP encumbered)
- Offset clamp to suppress “light leak” artifacts when rendering shadows
* Ability to turn off error checking for improved performance
- Improved batched geometry parameter handling to reduce CPU overhead
 Improved shader intrinsics for improved functionality and performance
- Expanded pipeline queries

KHROS
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Khronos open source
tools and translators

https://github.com/KhronosGroup/SPIRV-Tools

MSL

HLSL

GLSL

NEW! DI

SPIR-V Optimizations
* Inlining (exhaustive)

+ Store/Load Elimination

» Dead Code Elimination

» Dead Branch Elimination

» Common Uniform Elimination
Coming

* Loop Unrolling and Constant Folding
+ Common Subexpression Elimination

GLSL

HLSL

Third party kernel and
shader languages

‘SPIRW
SPIR-V

» Khronos defined cross-API IR
Native graphics and parallel compute
Easily parsed/extended 32-bit stream
Data object/control flow retained for
effective code generation/translation

OpenCL C

SPIR-V Magic # 0x07230203

Front-end

SPIR-V Version 99

Builder's Magic #: 0x051a00BB

<id= bound is 50

0

OpMemoryModel

Logical

GLSL450

OpEntryPaoint

Fragment shader

function <id= 4

OpenCL C++

Front-end

OpTypeVoid

<id=is 2

QOpTypeFunction

LLVM

<id=is 3

return type <id= is 2

LLVM to SPIR-V

OpFunction

Bi-directional

Result Type <id= is 2

Translator

Result <id=is 4

0

Function Type <id= is 3

Additional
Intermediate Forms

IHV Driver
Runtimes

“7a Cydikan.

penGL.

COMPILER INFRASTRUCTURE

Khronos liaising with
Clang/LLVM Community
E.g. discussing SPIR-V as
supported Clang target

© Copyright Khronos Group 2017 - Page 4
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OpenGL T RT L
« OpenGL 4.6 RS A /X HFKERFFIZLB

- NVIDIA OpenGL 4.6 k54 /N (R—%hfR) 2

- https://developer.nvidia.com/opengl-driver ~ NVIDIA.
. OpenGL AV IA—TURTFRMNE  A—FY—RELTLAH

- MESAL W\ T=A—T Y —R-T AV IR I

“The open sourcing of the OpenGL conformance test suite and ongoing work between Khronos and X.org will also allow

for non-vendor led open source implementations to achieve conformance in the near future”
David Airlie, senior principal engineer at Red Hat, and developer on Mesa/X.org projects

e Vulkan Interop TV XT3 %0penGL 4.6 L RERF2AE

New OpenGL
Extensions (\
@G L® <:> Shared Memory <:> Vu I i(a n .
Semaphores
Mutexes

Vulkan Interop with OpenGL provides
developers significant flexibility on how
they use/transition between both APIs

© Copyright Khronos Group 2017 - Page 5


https://developer.nvidia.com/opengl-driver

Khronos APIs A% VR/ARIZH% !

\
Rich Desktop VR Functionality Vulian.
OpenGL 4.6 released August 2017 High-performance, Low-latency
g VR/AR RENDERING

Vulkan 1.0 released February 2016

C Available on diverse platforms
penGL|ES.

3D on millions of mobile VR devices

+
OpenGL ES 3.2 released August 2015
p V4 (Open\"AR,..

Cross-Platform, Portable VR/AR
DEVICE MANAGEMENT
@G L Device discovery
Movement tracking
Input and haptics

Flexible graphics configuration

Powering WebVR in browsers
WebGL 2.0 Released February 2017

© Copyright Khronos Group 2017 - Page 6
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Windows 10D & % ity Apple D H3F
‘ m ul . d 1
|ndgs7 .. .. Wln OWS O
h Windows 8
\ &

- Vulkan. @ 9 o TZEN o,

Oc IR -TF3yb7+—A ‘

Z : SteamOS redHat SWITCH.

Clean, modern architecture | Low overhead, explicit GPU access
Portable across desktop and mobile | Multi-thread / multi-core friendly
Efficient, low-latency, predictable performance

KHROS
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Vulkan [T &5 BHHE% GPU B

QrenGLES.
CoerGL.

Vulkan = high performance and
low latency 3D and GPU Compute.
Ideal for VR/AR applications

Resource management

™

NOS

KHROS

Complex drivers
cause overhead
and inconsistent
behavior across
vendors

Always active
error handling

Full GLSL
preprocessor and
compiler in
driver

OpenGL vs.
OpenGL ES

Application

Single thread per context

v

High-level Driver

Abstraction
Layered GPU Control

Context management
Memory allocation
Full GLSL compiler

Error detection

GPU

(Vu likan.

Application

Memory allocation
Thread management
Synchronization
Multi-threaded generation

Multiple Front-end

Compilers
GLSL, HLSL etc.

of command buffers

v v v

SPIR-V
pre-compiled shaders

Thin Driver
Explicit GPU Control

Loadable debug and
validation layers

GPU

Vulkan 1.0 provides access to
OpenGL ES 3.1 / OpenGL 4.X-class GPU functionality
but with increased performance and flexibility

offloaded to app:
low-overhead, low-latency
driver

Consistent behavior:
no ‘fighting with driver
heuristics’

Validation and debug layers
loaded only when needed

SPIR-V intermediate
language: shading language
flexibility

Multi-threaded command
creation. Multiple graphics,
command and DMA queues

Unified API across all
platforms with feature set
flexibility

© Copyright Khronos Group 2017 - Page 8
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Dota 2 on Vulkan port of Source 2

Doom's Vulkan patch is a PC performance game

changer

‘ProtoStar’ demo on Vulkan port of Unreal Engine 4

I
B DB D e B B i 0 D ORI L B Lk AN A MBI A 4 an DOOM on Vulkan port

of id Tech 6

& unity

Vulkan support in Unity 5.6

/~\ B
x=NKDO = Silicon Studio

Vulkan support since V1.8

@

CRY=NGIN=

.
{ )
q b
Vulkan support in V5.4
5.4 Preview Released on July 25th

© Copyright Khronos Group 2017 - Page 9
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Vulkan 29 R—rF5EBETSVNIH—LA

All Major GPU Companies shipping Vulkan Drivers for Desktop and Mobile Platforms

AMDZlL arm QO @ <X Quaccomw  Psilicon

Imagination NVIDIA
http://vulkan.gpuinfo.org/ ‘

Mobile, Embedded and Console Platforms Supporting Vulkan

Including phones and tablets from Google, Huawei, Samsung, Sony, Xiaomi - both premium and mid-range devices

Android 7.0 Nintendo Switch Android TV

VR Platforms

s

SteamVR GearVR Oculus Rift Google Daydream

© Copyright Khronos Group 2017 - Page 10
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http://www.game-debate.com/news/22525/star-citizen-directx-11-and-12-support-axed-in-favour-of-vulkan-api

Star Citizen DirectX 11 and 12 Support Axed in Favdur of ‘

Vulkan API

Written by Neil Soutter on 20 March 2017 at 11:30

Ashes of the Singularity: Escalation
v2.4 update adds Vulkan support

24t August 2017

And a whole lot more.

0O O G Q| Q comments

A 0 A MM A A 0 A Ag ANAA LA AL Ag A Ay A0

sy (1 {1 13

-for-debate-vulkan-vs-directx-12-which-is-the-better-graphics-api

Vulkan vs DirectX 12 Which is the Better Graphics API?

Vulkan
Direct 12 I
The same N
[/} 10 20 30 40 50 B0 70 30 90

To cast your vote click the bar or the text

CLOUD

IMI‘IIILFM

Vulkan is Powering Mobile Gaming

Publicly announced games
as of August 2017

#Vulkan Games = 26
#DX12 Games = 20

https://en.wikipedia.org/wiki/List_of _games_with_Vulkan_support

EFRILFERE) CIN FIRE 3]

MFUh\ P i CORF

COATSINK

G A S ’

’ c’osspmaﬂn@neanmndenn o ERE ;_, DIGITAL  mmer COUCH
b ¥ g LEGENDS 342727 cRmes

http://www.intrinsic-engine. com/

Many more mobile titles coming...

http://www.pcgamer.com/ashes-of-the-singularity-escalation-v24-update-adds-vulkan-support/

© Copyright Khronos Group 2017 - Page 11
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Windows Downloads

A16-06-2F

2A016-09-19
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1400
1200
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ann

800

i

2A016-10-10
2A016-10-31
2016-11-21
216-1212
2170102
A017-01-23
L7013
20170306
2170327
2170417
2A017-05-08
L7052
2A017-06-19
20170710

Linear (Windows Downloads)

Vulkan GitHub Open Source Projects - CEDEC 2016

O Pull requests Issues Gist

Search

| Repositories
<> Code
@® Issues

L Users

431

37,998

2,054

43

‘ }«u\kan

—

We've found 431 repository results

SaschaWillems/Vulkan
Examples and demos for the new Vulkan API

Updated 2 days ago

D

Linux Downloads
LUNAR

LunarG Vulkan SDK

Download rate has more than
doubled since launch

HZZoHEENREBAIERASES RS ERSEARDS
Doz 2gsEcE82esddzs 02228 8E3 http://vulkan.lunarg.com
4888888888998 885555000000
ERRERERERESEEREREEREREERERERSR
| inux Downloads Linear [Linux Downloads)
Today Vulkan Specification on GitHub - now accepting pull requests!

O Vulkan Pull requests Issues

Repositories 1K Code 208K Commits 125K

1,254 repository resD

© Copyright Khronos Group 2017 - Page 12
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VK_LAYER_LUNARG_ device_simulation

« Simulate capabilities of mobile and embedded devices
- Test application without requiring physical device
- Exercise fall-back code paths, when a capability isn’ t available
- Find unintentional assumptions (triggers validation errors)

» Modifies results from Vulkan queries
- Device configuration defined by JSON file
- Integrated with Sascha Willems database

« Simulation, NOT Emulation
- Doesn’ t add more capabilities not already
present in actual device

e Source available now
- https://github.com/LunarG/VulkanTools
- Please submit issues

« Verify configuration files are correct

Selected
capabilities are
exposed, configured
by JSON file

.

All actual device
capabilities

I/

- https://schema.khronos.org/vulkan/devsim 1 0 0.json#

LUNAR

D
B
T

/ \l Loader

1]
iiiii

© Copyright Khronos Group 2017 - Page 13
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https://github.com/LunarG/VulkanTools/issues
https://schema.khronos.org/vulkan/devsim_1_0_0.json

Vulkan M1k

ITAYRT LG HUIC SDK D&k
Enhanced developer and debugging tools

Regression testing for SDK stability
Enhanced Conformance Testing (APl now has 198K test

_ yvear)
< Compiler robustness - including HLSL support >
ZH Vulkan I 72H

— > Includes integration of proven KHR extensions
Vulkan T X7 <a v 8 P
Maintenance updates plus additional functionality

Enhanced Compute

Explicit Building Block Extensions for VR C++ based shading languages and OpenCL Kernel Support

E.g. Multiview, application and presentation engine can

1]
access an image at the same time to reduced latency Enhanced HLSL support Y
Explicit Building Block Extensions for Multi-GPU Subgroup operations e.;ga;n\zt;;rl;roadcast, shuffle, cross
e NVIDIA SLI and AMD Crossfire in AFR (alternate frame), SFR
W= Feb16 (Sequential frame) and VR SLI Stereo view modes Enhanced Windows System Integration
e Vulkan 1.0 Partial and app updates to presentable images
o 0o Experimental Extensions (KHX) Full-screen and memory residency control
= For developer feedback Protected memory for DRM protected content
Z o (NOT recommended for use in production code) YCbCr formats with color space conversions

-fe ~ O m . Y
LEEHT7 7y b7+ — L%l
Through Vulkan Portability Initiative
Including Vulkan on macOS and iOS

KHROS

© Copyright Khronos Group 2017 - Page 14
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Games Native 3D Browser
Engines Apps Engines

E Tuikan.
: &

i Community Outreach at GDC 2017
Create a hybrid Portability API?

" ~_=

Feedback - AVOID CREATING A FOURTH API!!!

NOS

Additional developer learning curve.

Would INCREASE industry fragmentation

KHROS

Games Native 3D || Browser JavaScriptand
. . WebAssembly Native bindings
Engines Apps Engines for ‘nexgen WebGL’

Would need new specification, CTS, Documentation.

A whole new specification to name, brand, promote.

(\, Vulkan Universally
VUlKan. portable Subset

Tools Layers
API Libraries
Shader Translators

MAP Vulkan to Metal
and DX12

—

N\

© Copyright Khronos Group 2017 - Page 15
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Metal Shading

SPIR KLanguage
| HLSL

Open source project with similar goals
FHps: i gitub.com/ghers/gix Expand/test existing Vulkan Portability Deliverables
open source SPIRV-Cross Tool 1. Vulkan Subset Diff Spec
Molten 2. Vulkan Subset Development Layer
W, 3. Vulkan Subset API Library over DX12/Metal
U H AN 4. SPIRV-Cross Translator
5. Vulkan Subset Conformance Tests
Vulkan on iOS and macOS T Layers, APIs, Translators and Tests all to be
https://moltengl.com/moltenvk/ N T~

developed and released in open source

(Vul‘kam -

™

(7]
o © API Identify Vulkan Possible proposals for Vulkan extensions for
: features not directly mappable enhanced portability (and possibly Web
Z Ovel'lap to DX12 and Metal robustness) sent to Vulkan WG
Analysis

New Vulkan functionality may affect the
overlap analysis

KHROS

© Copyright Khronos Group 2017 - Page 16
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Vulkan@®HLSL

e Glslang (Khronos/Google/LunarG)
- First compiler to support HLSL in Vulkan
- HLSL support is complete enough for real world projects
- DOTA 2 (Valve), Ashes of Singularity (Oxide Games)
- Mostly SM5.0 and some SM5.1 - largely driven by community asks

« Shaderc (Google)
- Depends on glslang so HLSL support is roughly the same

- Can optionally execute spirv-opt as part of the build process

» DXC (Google/Microsoft)
- Actively being merged into dxc mainline - only supports HLSL

- Based on LLVM and Clang 3.7, targets SM6.0 and higher
- Google contributing SPIR-V codegen (spiregg) = Microsoft SPIR.

(Vu h<an.

© Copyright Khronos Group 2017 - Page 17
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OpenCL & Vulkan®) B %

GyeL.

rat €
with Micro: Visual C++

Single source C++ programming.
Great for supporting C++ apps, NVIDIA.
libraries and frameworks CUDA

GyeL.

SYCL 1.2 SYCL 2.2
C++11 Single source C++14 Single source
programming programming
SEES SEES $ESS
& a & a & a
OpenCL OpenCL OpenCL
2011 2015 2017
OpenCL 1.2 OpenCL 2.1 OpenCL 2.2
OpenCL C Kernel SPIR-V in Core C++ Kernel Language
Language

OpenCL for DSPs

- Embedded imaging, vision and inferencing
- Flexible reduced precision

- Conformance without IEEE 32 Floating Point

- Explicit DMA

GPR.

C

PROGRAMMING LANGUAGE

Industry working to bring
Heterogeneous compute to

standard I1SO C++
C++17 Parallel STL hosted by Khronos
Executors - for scheduling work
“Managed pointers” or “channels” -
for sharing data

<Vu likan.

OpenCL 7 7 XDk
2 — F48E%Z VulkanT
ERIRZIE

© Copyright Khronos Group 2017 - Page 18
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Clspv OpenCL C Z Vulkan 3> /N(3[Z  Google

- Experimental collaboration between Google, Codeplay, and Adobe "‘
- Successfully tested on over 200K lines of Adobe OpenCL C production code
- Released in open source https://github.com/google/clspyv Adobe
- Tracks top-of-tree LLVM and clang, not a fork (¢ codeplay’

« Uses new Vulkan extensions to support OpenCL C compute operations
- VK_KHR_16bit_storage/SPV_KHR_16bit_storage
- VK_KHR_variable_pointers/SPV_KHR_variable_pointers

« Compiles OpenCL C’s programming model to Vulkan’s SPIR-V execution environment
- Proof-of-concept that OpenCL compute can be brought seamlessly to Vulkan

<Vu IKan.

Universally
Vulkan Portable OpenCL-class
Universal Graphics and compute in
Portability Advanced Vulkan =
Vuilikan. Compute e

© Copyright Khronos Group 2017 - Page 19


https://github.com/google/clspv

VR

VR

VR

VR

OpenXR - AR/VR DI 5T A T7—a % @R

VR VR VR VR
App App App App App App App App
1 2 3 4 Device Discovery 1 2 3 4
‘ | | Device Events | |
@ uni tv U@L JVEBVR Pr:;;rgl:]t:ry SenSI-(I);;:iac(; king @ uni t\[ U@L \}VEBVR Pr%ﬁrglie;lt:ry
HMD Parameters |

|
© penXR.

Application Interface

@ I SAMSUNG
Stomm VR © oculus  GearvR @#
@ ° OCUIUS SAMSUNG Y
a GearVR & .
CD: Steaw / / (Open\'\)\R Device Layer
o)
o = Installable
Z 2 VR VR VR VR VR Drivers VR VR VR VR VR
Device Device Device Device Device Device Device Device Device Device
1 2 3 4 5 1 2 3 4 5
:" = -‘f P&
OpenXRIEFAHI OpenXR %

VRTIGED7 77X 57— a3 VR77V =2 av /i8R0

LERAVR—FRFEYT 4

KHROS
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OpenXR 7—xF2T7 - JI—TLEHE

AMDDl ARM O [} E& Google
COLLABORA = imagination
- oD @Le D

<A oculus OQUALCOMMW RAZZ=R
NOKIA e ) oculus Q BRAZZR SAMSUNG

O g Sony 2 B
SeNSICS Q@ e, tobii & unity

: VALVE] siiicon Diin O zspace

NOS

tHRREEZRKIZ2016F 128 (CHG
V1.0t ¥ERE T, BFIFEEH»512~181 A

KHROS
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OpenXR & VR 5244 L - a Win-Win

Access to any
OpenXR Application

Proprietary
APIs

(Open\’)\ R. (Open\’)\ R.

Extensions Application Interface

VR Run-time

Proprietary
Driver
Interfaces

(Open\’)\ R. (Open\’)\ R.

Extensions Device Layer

Access to any
OpenXR Device

Any successful standard encourages and
enables healthy industry competition

OpenXR will not replace VR run-times - or
‘outlaw’ existing interfaces

OpenXR will simply provide cross-vendor
APIs that can be exposed by a runtime to
access more apps and devices

OpenXR for portable
AR AND VR apps and devices
with initial focus on VR

© Copyright Khronos Group 2017 - Page 22
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BEE{eEni-Ta L X7.LE VR

FFYsr—3y AT 47 VRApps 3D Web Apps

Web X Fivyx7 three. js«

VR Web Apps

\/\ A-FRAME

2AT147 Qunity

gl | 2y A Ay

-

7 7 7 AP

%45 4 7API @GL‘ES OpeMRm

Wiican. Ce=nGL.

Khronos APIs

VR and AR in the Web

‘The Metaverse’

© Copyright Khronos Group 2017 - Page 23
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gITF - V7OR-TFS5yrT4—L 3D 7yhZEi#

Audio

MP3

napsten

Video

H.264

('] Tube}

Images 3D

JPEG )

New market opportunities
facebook for 3D content creation and
deployment!

Fast to Load

Compact to Transmit \/

Describes Full Scenes \/
Runtime Neutral
Open and Extensible \/

v
v

OpenGL Transmission Format
Efficient transmission of 3D
scenes and assets

@eboL.

gITF 1.0

Aimed at loading assets into WebGL apps
Uses GLSL for materials
Released December 2015

All gITF spec development
on open GitHub:

https://github.com/KhronosGroup/glTF

@G'- - N ( Vulican.

gITF 2.0 has PBR!
Cool, portable materials
Rendering API independence
Released June 2017

© Copyright Khronos Group 2017 -

Page 24


https://github.com/KhronosGroup/glTF

COLLADA &£ gITF3D 7ty k-4 —T v bk

COLLADA FOR AUTHORING INTERCHANGE gITF FOR RUN-TIME TRANSMISSION
Retains extensive data to enable editable Compact file size and
assets to be passed between authoring tools efficient processing/import
Minecraft ] Office
Maya More tools ... tllree.]s
C LLADA Collada2gltf Translator ™ IX3I
>
. |

/ \ / WEBVR
Blender &/ CESIUM

Motion Builder

Max Unity © Sketchfab

Apps and Engines
Based on any 3D API

Quikan. & @G'—m

© Copyright Khronos Group 2017 - Page 25
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b Visual Studio
gITF in Visual Studio Code

glTF-VSCode extension
isualstudio.com/if esium.gltf-vscode

https://marl

Blender exporter for
gITF 2.0 now in Betal!

e)blender

Blender exporter

& unity

Unity Exporter

AAGI

[OBJ2GLTF]

Translators —

Convert | Optimize

|gITF Pipeline - Convert gITF 1.0->2.0|

Drag and drop COLLADA -> gITF

http://cesiumjs.org/convertmodel.html

C.L_LLADA.
COLLADA2GLTF

AW_

Tools

Export

Apps &
Engines

Import

Microsoft using gITF 2.0
to bring 3D to Office!

gITF 2.0 support complete
gITF 2.0 support in progress

GGGGG

gITF Validator
gITF Test
gITF Test Models

Tutorial
https://github.com/KhronosGroup/gITF-Tutorials

"—Validator

Validate

# AUTODESK
FORGE PEX

A-FRAME

xeogl

NVIDIA.

nvpro-pipeline

&/ CESIUM |[@

)] babylon.JS

three.js

Y

y

Paint 3D

View 3D

\ &‘ instant3Dhub

© Sketchfab

100,000+ gITF 2.0
models for download!

© Copyright Khronos Group 2017 - Page 26


https://github.com/KhronosGroup/glTF-Tutorials
https://marketplace.visualstudio.com/items?itemName=cesium.gltf-vscode
http://cesiumjs.org/convertmodel.html

Google Draco gITF TH9RFoav A E!

o Library for compressing and decompressing 3D geometric meshes and point clouds
- https://github.com/google/draco

» Google has released Draco encoders and decoders in open source
- C++ source code encoder to compress 3D data
- C++ and JavaScript decoders for the encoded data

« Draco gITF extension is in progress and ready for feedback!
- Draco designed and built for compression efficiency and speed - great fit with glTF!
- https://github.com/KhronosGroup/glTF/pull/874

Comparing Mesh File Compression

k B rvesh 1
*’;\ Uncompresse d B Mesh 2
-
<3
D RACO orsc
o

3D DATA COMPRESSION

File Size(MB)

Typical Draco compression ratios
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Vulkan 1.0 Quick Reference

Vulkan™ is a graphics and compute API consisting of procedures
and functions to specify shader programs, compute kernels, objects,
and operations involved in producing high-quality graphical images,

specifically color images of three-dimensional objects. Vulkan is

also a pipeline with programmable and state-driven fixed-function
stages that are invoked by a set of specific drawing operations.

Specification and additional resources at
‘www.khronos.org/vulkan

YWuikan. ku RO

Color coded names as follows: Function names and Structure names
[nnn) Indicates sections and text in the Vulkan API 1.0 Specification.

i this reference guide for more information.

EXindicates reserved for future use.

Return Codes [2.5.2]

PReturn codes ar reported via VkResul eturm vaues
Success Codes [2.5.2.1]

Succens coces s ronmegat

VK_Sucesss

VICSUBOPTIMAL (08
Error Codes [2.5.22]

Physical Devices (4.1)
ViRt henumersePhsicaloeics
Vidstan

uint32 ¢

¥ aohcaieviec
Wehyialbede” nvmmnmu

Command Function Pointers 3.1]
PEN_yiVoidFuncion vkGetinstanceProchdde(
instance stonce,
const char *piamef;

R o ncton GetpedcsProc s

Cors ch el

Instances [3.2]

ViResult vkCreateinstancel
const ViinstanceCteatelnl pCreateinfo,
const VkallocationCalibacks “pAllocator, (7]
Vidnstance *pinstonce];

typede struet il
Vistncurstyse shpe;
const void *pliext
vumx.momgmo flogs; ET

pedet st Viksplatoniel |
Type:

uint32_t opiversion;
[Iiainiy
void vikDestroyinstance{

akmw

xensionNomes;
Wiisieecremenio

const VkallocationCallsacks *pAllocator); [T

NO§
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Command Buffers (s)
Command Pools [5.1]

Device Creation [4.2.1]
“hCreateDevic
VkPhysicaiDevice ph

ot DO oo pammfa,

VKDeice device,

cons ViCommandpookratein® it
const ViAllocationCallbocks™

VkCommandPool” pCommandPooll;

et st ViCommandPocicrestino |

VkDevice* pDevicel;
typege struct ViDeviceCrestetnfo |

Phcaibesce vscaibes,
o

const void® pliext;

wint32.t queveCreatelnfoCount;

mns( o e
Flags flogs.

e uwn (o«wimﬂwma,
/\m Vx s o »w _CREATE
RESET_COMMAND_BUFFER, TRAX:

WeResul

win32_t apiversion;
T drverversion;

wnt32 ¢ vendortD;

un321 devicelD;

32 2 enableatayerCounr;

frreboymry

st har* const”
uint32_t enabledeter
constGhar- const® ppEnamledensionomes;

char GeviceNome]
VEMAKCPHTSCAL DEVCE JAME St
\eUUIDIVK_UUID_SIZE];
Arpercetines s,
oy IDm(ESvmequpen\esmvserpemes,
v

“PASCAL DENCE TIPE Xt X
OTHER INTEGRATED. G0, BISCRETE G,

typede struct VPhysicalDeviceSparsepropertes

) VkDesiceCrestelno;

typede struct VkDeviceQueueCrestelnio |
WstnctuToe pe

WWDevkeQueueCr memesﬂogx m
wint32.t quevera
g2 oevecount
const foat* pQuevePioris;
) VkDeviceQueueCreatelndo;

Device Idie [4.2.3]

Vigool32
residencyStandord20MultsompleBlockShope,

VkDevice device);
Device Destruction [4.2.5]

VkBool32 residencyAligredMigSize;

VkDevice device,

VkCommandPoolResetFlags flogs);
flogs:

void viDestroyCommandPool(

VKDerie device,

VkCommandPool commandPool,

const VillocationCallbacks* paliocotor); (71

et L
ViResult kAllocateC

iDevce devee

commandautir
psdel s Vicommandacti et

Visucuenpe

vmm s st
anBufferieel level,
s commondBufercount;

) VkPhysicaDesiceSparsePropertes;
VoK vkGetPhysicalDeviceQueveFamilyProperties(
kPhysicalDeuice physicalDevice,

iResult viResetCommandBuffer(

uint32_¢
ViQueveFamilyProperties®
PQuesefamilyPropertis);
typedef struet VhQueveFamilyProperties
QueveFlags queseriags;

B
VKExtent3D mnmyemm;kmmwlm o
[V

SPARSE_BINDING

Queues [4.3]
Queue Creation [43.2]
eQueue(

e device,
wint32 1 queueFamiyindes,
uint32 ¢ quevel
ViQueie® pQueve)

Queue Synchronization [4.3.5]

ViResult vkQueve Waitidle(

ViCommandBufterResetFlags flogs}h

fugs
VE_COVIAND_BUFFER RESET_RELEASE RESOURCE

Wammandoier pcommandsufers;

-
_COMMAND, POOL_ RESET_RELEASE_RESOURCES, ST

ViCommapdgute Alocsent” phcoteho,
‘pCommandBufers)

e
VK_COVMAND,_BUFFER_LEVEL [PRIMARY, SECONDARY}
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Continued on next page >
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