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Khronos is an International Industry Consortium creating royalty-free, open standards
to enable software to access hardware acceleration for

3D Graphics, Virtual and Augmented Reality, Parallel Computing,
Neural Networks and Vision Processing
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Looking Back at 2011’s Web3D Keynote

Declarative
3D in
browser

QoL

WebGL in
browser

What is the

S final push
Pervasive Ricl;\lpllosbile needed?

3D / In Browser ——
Mobile

Mobile Augmented
Computing Reality
in Browser

(=)

Rich Mobile
APIS

Low power

Silicy-

QU

O

Mobile
Augmented

=

Vulkan.

CARCore

RCNOS
&

The Goal

The Browser IS the metaverse
Real-world AR through Web pages not apps
Web standards interoperability overcomes

platform fragmentation

What we didn’t foresee in 2011

1. The rise of Machine Learning
2. Re-emergence of
platform fragmentation
3. Layered ecosystems and compiler
technology to combat fragmentation

L  Trevett Web3D Conference Keynote, Paris June 2011

b4
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Vital Elements for XR in the Browser

; <Open\’>\

Efficient 3D
Asset Delivery

Cross-platform Sensor
and Ul Handling
\

@ebeL. , 'NNEF:

Fast, low-latency Compute, Vision and
3D Graphics Inferencing acceleration

SPIR.
(Vuri(ans

All mobile and desktop have GPUs as offload processors
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Ecosystem = API + File Format

Run-time APIs File Formats

3D Graphics l Vulikan. "

@ebGL.

Heterogenous Compute ( Vulikan.

(Parallel Processing)

VR and AR (\ p———
Vision and Inferencing Open\/(R . NNEF |
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glTF - Cross-Platform 3D Asset Transmission

Audio Video Images 3D

All gITF spec development
on open GitHub:

MP3 H.264 JPEG ITF hitps://github com/KhronosGroup/glIF

Orapster| Yol | Y |z

@eoar | 8 & Tikan.

Compact to Transmit

Fast to Load
Describes Full Scenes v ebGL..
Runtime Neutral '

Ak
-

Open and Extensible 7 :

OpenGL Transmission Format gITF 1.0 - Primarily for WebGL gITF 2.0 - Physically Based Rendering

Efficient transmission of 3D Uses GLSL for materials Metallic-Roughness and Specular-Glossiness Materials
scenes and assets Released December 2015 Rendering APl independence

Released @ Web3D 2017
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https://github.com/KhronosGroup/glTF
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glTF Momentum

Creation Tools
As)blender A\ Archilogic
= PIXYZ. S SketchUp

e o,

Accbe RIS

e 0 oo
UNBOUND

Sony 3D Creator Create
@ ol n '
mpd um Paint 3D
instant3Dhub SIMPLYGON'
Assimp ’SJ gltf-vscode
Collada2gltf FBX2gITF =

glTF-validator glTF-asset-generator

3D Content
) Sketchfab

150K gITF Models in Creative Commons!

@ Remix 3D

Discover

| I F Experience

——

Drive Demand
Users

NVIDIA,

Apps and Engines

@ UNREAL Q Unity
@% cooor B ruavomas

three.js W babylonJs

~ AUTODESK
*/ CESIUM 3 FORGE

UXIDEEND
) Office n

() Windows Mixed ' JANUSYR

v Reality Home
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Consistent gITF Rendering on Multiple Engines

gITF considering
optional, standardized
environment and lighting
guidelines for consistent

default appearance
between viewers

e T o4
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https://github.com/KhronosGroup/glTF-Sample-Models/pull/154

KHRCONOS

glTF Recent Highlights

 Microsoft makes gITF files as usable as JPGs in Windows 10
- Office , Remix 3D, Paint 3D, Simplygon, Mixed Reality Portal and Viewer
 Facebook supports drag and drop for gITF models to your feed
- Driving exporter/tool demand: FBX2glTF, Modo, ...
« Sketchfab repository has over 150K gITF models
- Under free, Creative Commons license
» Adobe Dimension is adopting gITF for delivery of 3D marketing assets
- ¢lTF publishing service for interactive marketing materials
 Mozilla integrating gITF into A-FRAME

Mesh
- Anchors for glTF objects in AR scenes soomtox [N Compression
« Google Draco Mesh Compression Ratios
- Extension is shipping and being ~
used by tools and engines sarmene [
- I
DRACO

10 DATA COMPRESSION Ox Sx 10x 15x 20x 25x

© Copyright Khronos™ Group 2018 - Page 9



gITF Extension and Roadmap Discussions

« gITF is extensible /g’.};&’&
- Use extensions for specialist functions or testing new functionality s f]',

« Some functionality under discussion

- Compressed Texture Transmission
with efficient expansion into GPU formats

- Advanced PBR - NVIDIA MDL?
- Subdivision surfaces - Pixar OpenSubdiv?

- Point clouds with Draco compression

»: - Draco compression of animation data

O- - Geometry streaming etc. etc.

z o

O Any delivery format must balance functionality
versus speed of processing and simplicity of

o implementing reliable importers/exporters

e dip
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https://gltf.sketchfab.com/models/damagedHelmet.zip

KHRONOS

USDZ

At WWDC 2018 Apple announced their own 3D delivery format - USDZ
Pixar USD is a movie authoring interchange format - open sourced in 2016
USDZ packages USD files in a non-compressed ZIP container
Early days - not clear if Apple will subset USDZ for their platform - no spec yet

USDZ
Compact Delivery Format Authoring Interchange Format
Multi-company Governance Delivery subset controlled by Apple?
Open standard for use on any platform Apple platform only?
Widespread open source tools ecosystem ?

Competition is healthy
Awaiting more details to be announced by Apple

Conversion between gITF and USDZ is certainly possible
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Vital Elements for XR in the Browser

" <Open\’>\

Efficient 3D
Asset Delivery

Cross-platform Sensor
and Ul Handling

Compute, Vision and
Inferencing acceleration

=

~ 3D Graphics

— SPIR.
TVuikan.

All mobile and desktop have GPUs as offload processors
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WebGL Evolution

Desktop Graphics
penGL ES' Textures: NPOT, 3D, Depth, Arrays, Int/float Explicit Graphics
Objects: Query, Sync, Samplers General Purpose Compute
Mobile Graphics Seamless Cubemaps, Integer vertex attributes Multi-threaded Rendering
Programmable Multiple Render Targets, Instanced rendering Low-latency rendering
Vertex and Fragment Transform feedback, Uniform blocks [IP—
shaders Vertex array objects, GLSL ES 3.0 shaders

Apple does not ship
OpenGL ES 3.1 -
ending the era of
universal native 3D APIs

Compute Shaders

O R Q

2011
WebGL 1.0 March 2017

WebGL 2.0

Conformance Testing is vital for
Cross-Platform Reliability

WebGL 2.0 conformance tests are very thorough
10x more tests than WebGL 1.0 tests

Pervasive OpenGL ES 2.0
OpenGL and OpenGL ES ships on

every desktop and mobile OS Significant ongoing work on multiple

3D on the Web is enabled! performance enhancements and getting all
browsers to pass all the complete test suite

KHRCONOS
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WebGL Momentum - WebGL 2.0 is Here!

FLASH & THE FUTURE OF INTERACTIVE CONTENT

POSTED BY ADOBE CORPORATE COMMUNICATIONS ON JULY 25, 2017

Adobe

Adobe has long played a leadership role in advancing interactivity and creative content - from video, to
games and more - on the web. ve've seen a need to push content and interactivity ard, we've
innovated to meet those needs. Where a format didn't exist, we invented one - such as with Flash and
Shockwave. And over time, as the web evolved, these new formats were adopted by the community, in
some cases formed the basis for open standards, and became an essential part of the web.

£ subscribe

But as open standards |j ve matured over the past several years,
most now provide many’ at plugins pioneered and have become a
viable alternative for content on the web. Over time, we've seen helper apps evolve to become plugins, and
more recently, have seen many of these plugin capabilities get incorporated into open web standards.
Today, most browser vendors are integrating capabilities once provided by plugins directly into browsers
and deprecating plugins.

B T Y S Ny Wy Y OV Sy VLIV SR

Aas A AL MLA AL AL A0 A A A4 A AR, A0 A,

- WebGL 2.0 B ortex

Next version of WebGL. Based on OpenGL ES 3.0.

62.85%

93.26% Globall

WebGL - 3D Canvas graphics & o

Global

Method of generating dynamic 3D graphics using JavaScript,
accelerated through hardware

Show al

IE Edge Firefox Chrome Safari iOS Safari Opera Mini - Cr;r;)é?s‘;or e E:ﬁﬁg% o S‘igf;};g
.

1 11.8 6.2

Global

ebGL.

o [t Show al
* *  Chrome for
IE Edge Firefox Chrome Safari i0S Safari Opera Mini i)
1 all 66

WebGL 2.0 brings Desktop-class

graphics to the Web
The time to create a new class of

Web-based 3D Apps is now!
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http://caniuse.com/

Pervasive Vulkan Wulian.

Major GPU Companies supporting Vulkan for Desktop and Mobile Platforms

AMDZU AN ©BrROADCOM Q7 (ih@ QuALCOMM @smcon

imaginahon NVIDIA.

Platforms

Consoles
Desktop Mobile Media Players

cfe wiim =

Cloud Services Embedded

Android 7.0+

Game Engines

@ :
CRYZNGINZ Qun"y @

KHRCONOS
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http://vulkan.gpuinfo.org/
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Vulkan and New Generation GPU APIs

Non-proprietary, royalty-free open standard ‘By the industry for the industry’

Portable across multiple platforms - desktop and mobile
Modern architecture | Low overhead| Multi-thread friendly

EXPLICIT GPU access for EFFICIENT, LOW-LATENCY,
PREDICTABLE performance

Vo K
, Vulan. —_—
‘—l—‘ ....... i,

== \Window :I o= . ‘ ® ¢ [ : macOS

uuuuuuuu

I Wirndows 7 fed 3t ubl “t S:eamos SWITCH.

Vulkan is available on Android 7.0+
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Bringing Vulkan Apps to Apple Platforms
" Wulkan.

Dota 2 running on Mac up to Applications

50% faster than native OpenGL
Vulkan
macOS SDK I:

Beta release - but working to pass
all applicable conformance tests

Previously a paid product

Now released into OPEN SOURCE
Completely free to use - no fees
or royalties - including
commercial applications

Open source SDK to build,
run, and debug applications
on macOS including
validation layer support

Efficiently map a subset of Vulkan over Metal
Very little functionality not supported today:
Triangle fans, Separate stencil reference masks
Vulkan Events, Allocation callbacks
Some texture-specific swizzles

SPIRV-Cross macOS /i0S

Convert SPIR-V shaders to Run-time
platform source formats Maps Vulkan to Metal

KHRCONOS MoltenVK for macOS and i0S
For macOS 10.11, i0S 9.0 and up
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Valve - Vulkan Dota 2 on macOS

Dota 2 OpenGL vs Vulkan macOS$S

Vulkan delivering up to
50% performance increase
over native OpenGL

© Copyright Khronos™ Group 2018



SPIR-V Ecosystem

- Khronos defined cross-API IR
- Native graphics and parallel compute
- Stable specification to complement
LLVM Open Source Project

OpenCLC | OpenCL C++ SYCL

Front-end Front-end Front-end

SPIR-V Validator
LLVM to SPIR-V

- - Bi-directional Khronos cooperating with
SPIRV-opt | SPIRV-remap ond Tige <& | Translators Clang/LLVM Community

Optimization Khronos-hosted
Tools Open Source Projects

© Copyright Khronos™ Group 2018 - Page 19



Bringing OpenCL Compute to Vulkan Google

« Experimental Clspv Compiler from Google, Adobe and Codeplay '\‘

- Compiles OpenCL C to Vulkan’s SPIR-V execution environment
Successfully tested on over 200K lines of Adobe OpenCL C production code

- Open source - tracks top-of-tree LLVM and clang, not a fork ¢ codeplay’

Adobe

Layering and cross-

compilation is making Vulkan OpenCL C “OpenCL
a Universally Portable API for Source " IHost Code [/ 4]
Graphics AND Compute - L o o Lol
Prototype open Clspv Run-time . Possible
source prOJect Compiler API Translator | future
Ditoceiinue comeoccic/cleo. I == == == project-
( SPIR. if interest

Runtime

Increasing deployment options for

OpenCL kernel developers
e.g. Vulkan is a supported APl on Android

€ Vulikan

KHRCONOS
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https://github.com/google/clspv

RO UPN

KHRCONOS

WebGL Future

Game developers fume as Apple
deprecates OpenGL

One false move and the game gets it

Fortnite has already been rewritten for Metal

A Anans A AL AN, A0 AN 0 Ry A A A AAAR A AN A A A AN 08, A A A4 A

IN AMONGST the announcement of macOS 10.14 Mojave on Monday, there was an
alarming development for gamers and game developers. OpenGL and OpenCL are
being deprecated.

By Y T ™ ¥V Y YUV SV LV

hh M,

No universally available 3D API
since Apple did not ship

OpenGL ES 3.1

That situation just got worse at

Apple WWDC June 2018 - OpenGL
and OpenGL ES deprecated in

favor of Apple’s Metal API

Don’t panic!

Deprecation means the APIs will
be removed in the future - still

available right now

WebGL 2.0 could be layered
over Metal

%) Dean Jackson @ o
w @grorgwork

Apple's announcement that it is deprecating
OpenGL doesn't have any impact for WebGL
development using Safari. Things underneath
might change, but WebGL won't.

11:56 AM - 5 Jun 2018

11 Reteets 207Lkes @A QPOEDRE

Q9 nm Qe ©& o

== Dean Jackson @grorgwork - Jun & o
w We're working on WebGL 2 and WebGPU. Expect some movement here in the
coming months.
O i) Q 4 =] o

Jaume Sanchez Elias
Thanks! Looking
VSR PPN

Dean is Apple’s WebGL lead

PPV VAN WP P NPRY PN

WS("' GPUWeb
« Community Group

Makes sense that work on nexgen
Web stack takes place at W3C

But currently considering
designing a fourth native GPU API

- without significant input from
the GPU hardware community ®

Could cause further industry
fragmentation and be a barrier to

adoption ® ®

Watching with interest to see if
GPUWeb becomes a formal
working group

May use SPIR-V for shader code
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Vital Elements for XR in the Browser

" <Open\’>\

Efficient 3D
Asset Delivery

Cross-platform Sensor
and Ul Handling

\

A\
@ear. RS
Fast, low-latency Compute, Vision and
3D Graphics Inferencing acceleratio
\}
Tvukan.

All mobile and desktop have GPUs as offload processors
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Neural Network Workflow
|

PYTbRCH _Q Caffe? 7 N Applications
R S ~ I Vi Using 5n|1bfedded_
.\I tOFCh CNTK Tensor 1s1on an n erencmg
(_l C]tfe t heano m Framework I Neural NetWOf’kS AP| & T:r:lsll:)L[\RT
specifi
. gpecific CperVX
Ty ONNX ¢ Trai Vision and Neural Net
Netwo RELRZEY Inferencing Runtimes
P—,
NNEF TVuikan. &
et

Embedded Deployment

Desktop and
Cloud Hardware

MIOpen cIDNN
— ‘\:!,

Training = Desktop / Cloud I Deployment on Embedded Devices

;

Diverse Inferencing
Acceleration Hardware
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NNVM - Open Compiler for Al Inferencing

Paul G.Allen Schoolof Computer Science & Engineering, University of Washington

L

amazon

el e v ey

1.Import Trained
Network Description

2. Graph-level

. Exterral Suppon = Optimizations
' 3. Decompose into

Work In progress

primitive instructions

; ple - @evaL.
:..15’/\ (-\ ‘ 4. Emit programs
om: Vuikan. ( GL executable by run-times

SPIR-V IR for parallel accelerators LLVM IR for CPUs
Backend in development

Py

(VI

TensorFlow over WebGL demo:
TensorFlow. js powered implementation of the tSNE algorithm for high-dimensional data analysis

KHRCONOS
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http://www.tvmlang.org/2017/08/17/tvm-release-announcement.html
https://github.com/dmlc/nnvm/blob/master/tutorials/from_mxnet_to_webgl.py
https://nicola17.github.io/tfjs-tsne-demo/

Platform Neural Network Stacks

Consistent Fundamental Steps
1. Import trained NN model file
2. Build optimized version of graph
3. Accelerate on GPU or other processor

Application #2
using available low-level API

WinML RT AP

Android Neural Networks Runtime

Hardware acceleration

Android NN HAL — —ﬂ ——————
r
iver

D ML Vendor NN DSP
driver

Ve

Digital Signal
Processor

') Microsoft Windows Google Android Apple MacOS and iOS
Windows Machine Learning (WinML) Neural Network APl (NNAPI) CoreML

g/

N o s~
RO UP
| I
o
3
"
o

ml

KHR
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https://docs.microsoft.com/en-us/windows/uwp/machine-learning/
https://developer.android.com/ndk/guides/neuralnetworks/
https://developer.apple.com/documentation/coreml

y »r

O R QO

KHRCONOS

NNEF Ecosystem

TensorFlow
and Caffe

n Live

Imminent Exporters
—
| | | |
TensorFlow e —
and Caffe2 Y
| - Parser/
I mporter Validator
Exporters

Google OpenVX
NNAPI Ingestion &
Convertor Execution
| | | | | | | | |

NNEF open source projects hosted on
Khronos NNEF GitHub repository

NNEF = Neural Network
Exchange Format

V1.0 Provisional Released for
industry feedback before
finalization

Comparing Neural Network
Exchange Industry Initiatives

"NNEF, € ONNX
Defined Specification Open Source Project
Stability for hardware deployment Software stack flexibility
Multi-company Governance Initiated by Facebook
Flexible Precision 32-bit Floating Point only
Flat and Compound Ops Flat Ops Only
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https://github.com/KhronosGroup/NNEF-Tools
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Vital Elements for XR in the Browser

- N\
oenXR
Efficient 3D Cross-platform Sensor
Asset Delivery and Ul Handling

NNEF
G NEE
Fast, low-latency Compute, Vision and
3D Graphics Inferencing acceleration
SPIR.

(Vu i<an.

All mobile and desktop have GPUs as offload processors
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OpenXR - Solving VR Fragmentation

(Qpe\,b(n_ Device Layer
VR VR VR VR VR
Device Device Device Device Device
1 2 3 4 5
Before OpenXR After OpenXR
VR Market Wide interoperabilityof
Fragmentation VR apps and devices
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Companies Publicly Supporting OpenXR
AMDQ\ crilatency arm *O | Google hTC

COLLABORA

\‘” QJ (I@ @ LG Iogitech L“NA’:

HUAWEI Imagination

=5 Vicrosoft [ANERIE] NOKIA 4 @ oculus © Pico pluto

NVIDIA.

wW@or
QUALCOMW B R A 7 = R SAMSUNG SENSICS € meae r?: tobii
& unity VALVE] vAarao @siicon ki O zSpace

OpenXR is a collaborative design

1) For cross-platform XR portability - VR in V1.0, then add AR
2) Integrating many lessons from proprietary ‘first-generation’ APl designs

KHRCONOS
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Input and Haptics

« Input uses abstracted Input Actions
- E.g. “Move,” “Jump,” “Teleport”

» Many advantages
- Existing content can easily use
new devices
- Mix-and-match multiple input
sources to create a unified Ul

- Easy optional feature support (e.g.

eye and body tracking)

- Future-proofing for innovation in
input devices and form factors

/user/hand/left/input/trigger/click
(/devices/ControllerCorp/fancy_controller/

input/trigger/click
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OpenXR Viewport Configurations

« Applications can:

- Query for runtime supported Viewport Configurations
- Applications can then set the Viewport Configurations that they plan to use

- Select and change their active configuration over the lifetime of the session

Camera Passthrough AR Stereoscopic VR / AR Projection CAVE

w:
m One Viewport Two Viewports (one per eye) Twelve Viewports (six per eye)
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OpenXR Development Progress

Call for Participation / Exploratory Group Formation
Fall F2F. October 2016: Korea

Statement of Work / Working Group Formation
Winter F2F, January 2017: Vancouver

Specification Work
Spring F2F. April 2017: Amsterdam

Much more detailed specification overview

ification Work

S
Interim F2F; July 2017: Washington and GDC session videos:

Defining the MVP
Fall F2F, September 2017: Chicago

Resolving Implementation Blockers
Winterim F2F, November 2017: Washington

Implementations Underway!
Spec Finalization - incorporating
implementation experience

First Public Information!
D March 2018

Coming Soon

Ratification and Release
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https://www.khronos.org/developers/library/2018-gdc

Mobile Augmented Reality Libraries

’

Encapsulated Vision-based [ ¢ I 8 WAL |
Functionality ] ARC WALL
Also leveraging motion sensors v ARKit ore > vuforia
Pose Tracking Yes Yes 3 party AR Libraries
. . typically use
Yes Yes
Plane Detection and Tracking ARKit/ARCore if
Image Recognition and Tracking Yes Yes _ available or
implement own
Ambient light level and temperature Yes Yes tracking if not
_ Link to Neural Net-based Object Detection Yes Yes
- . h\’
g Access to Point Cloud Yes Yes
o int Clou OpenX
- Camera Intrinsics Yes Yes
ra : : V1.0 is VR focused.
Multi-user and persistent cloud-based anchors Yes Yes Subsequent
O Face tracking (iPhone X) Yes No versions will
extend to cross-
(a4 Light probe (using a tracked face) Yes No platform AR
X 0S Availability ios Android and iOS
al
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Layered XR Ecosystems with GPU Acceleration

Native XR Apps Web XR Apps

& Vuforia

— ) Q Vision and

£ JdpenVX. ' N ‘ WebXR Inferencing
Vision and - Engines oo libraries and
Inferencing @ ARLOre run-times

System-
exposed AR

Capabilities

libraries and

: three. js
run-times

3D Engines

Khronos providing the

foundation for 3D and
Wuakan OpenXR. RintheWed @G'—-
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Looking Back at 2011’s Web3D Keynote

Declarative
3D in
browser

Qo

WebGL in
browser

C GLES : -
Pervasive Rich Mobile
3D APIS .
\/ tnsrowser // With WebXR and OpenXR, portable,

accelerated XR in the Web is NOT

Mobile Augmented

compu:n; Reality going to take another 7 years ©

It will be here much sooner!

Rich Mobile
APIS

Low power

Silicy

Mobile
Augmented

(Open\’)\

Vuikan.

Trevett Web3D Conference Keynote, Paris June 2011
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Please Get Involved!

e These slides and information on all Khronos standards at:
- Www,Khronos,org
e Khronos is driving to new levels of community engagement
- Specifications and resources increasingly open for industry input and feedback

« Any company or organization is welcome to join Khronos
- For a voice and a vote in any of these standards

« If joining is not possible - ask about a Khronos Advisory Panel
- Free of charge - enables design reviews, requirements and contributions

« Khronos is always open to liaison projects with the 3D Web community
- The industry benefits from everyone working more closely together

e Neil Trevett

) d

— KHRCONOS

GROUP
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