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Topics 

1 2 3 

How are hardware 
acceleration APIs 
unleashing new 
silicon capabilities 
for amazing user 
experiences? 

How does the Khronos 
standards consortium 
create hardware 
acceleration APIs as 
open standards? 

Why and how could 
you make your APIs 
into collaborative 
open standards? 
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Why Do We Need Standards and APIs? 
• Standards and APIs are interoperability interfaces  

- Streamlining product creation by reducing friction and fragmentation 

• A platform typically uses many interoperability standards e.g. mobile: 
- E.g. LTE, WiFi, Bluetooth, HDMI, USB, MIPI CSI, JEDEC, GPS … 

• Also APIs for accessing services 
- E.g. Google Maps, Facebook, Twitter … 

• And some APIs for accessing device hardware acceleration 
- E.g. OpenGL ES, Vulkan, OpenVX … 

 

E.g. standards 
drive mobile 

market growth 
by expanding 
mobile device 

capabilities 
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Open Standard APIs for Hardware Acceleration 

Software 

Silicon 

Khronos is an Industry Consortium of over 100 companies creating royalty-free,  
open standard APIs to enable software to access hardware acceleration.  

Khronos APIs are used by billions every day. 
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http://accelerateyourworld.org/  

http://accelerateyourworld.org/
http://accelerateyourworld.org/
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Hardware APIs for Mobile and Web 

Vision / Camera  
- Tracking and positioning 

- Scene Analysis  3D Graphics 
- Games and Virtual Reality 

- Augmented Reality 
- CG Effects 

- Product Design 

3D for the Web 
- JavaScript API for 3D Graphics 
- Transmission of 3D runtime assets 

Parallel Computation 
- Machine Learning 

- Scene Comprehension 
- 3D scene model construction 

- Video Transcoding 
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Mobile 3D Graphics 

2003 
1.0 

2004 
1.1 

2007 
2.0 

2012 
3.0 

2014 
3.1 

Driver 
Update 

Silicon 
Update 

Silicon 
Update 

Driver 
Update 

Compute Shaders 

32-bit integers and floats 
NPOT, 3D/depth textures 
Texture arrays 
Multiple Render Targets 

Programmable 
Vertex and 
fragment shaders Fixed function 

Pipeline 

Android L 

2015 
3.2 

Silicon 
Update 

Tessellation and geometry shaders  
ASTC Texture Compression  
Floating point render targets 
Debug and robustness for security 

Epic’s Rivalry demo using full Unreal Engine 4 
https://www.youtube.com/watch?v=jRr-G95GdaM  

http://hwstats.unity3d.com/mobile/gpu.html  

OpenGL ES 2.0 

OpenGL ES 3.x 

AEP  
(Android  

Extension Pack) 

The most widely deployed 3D graphics API in history 
Industry shipped close to 2 Billion OpenGL ES-enabled devices in 2015  

2016 

https://www.youtube.com/watch?v=jRr-G95GdaM
https://www.youtube.com/watch?v=jRr-G95GdaM
https://www.youtube.com/watch?v=jRr-G95GdaM
https://www.youtube.com/watch?v=jRr-G95GdaM
https://www.youtube.com/watch?v=jRr-G95GdaM
http://hwstats.unity3d.com/mobile/gpu.html
http://hwstats.unity3d.com/mobile/gpu.html
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3D Scene and Model Capture 
• New integrated 3D sensors enable capture of scenes and objects 
• Intense vision and compute processing needs acceleration 
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Augmented Reality – Bringing it all Together 
• Vision processing to use depth sensor to understand the scene geometry 
• Compute processing for mesh, lighting and physics processing 
• 3D Graphics for displaying augmentations 

Video courtesy of Occipital 
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Google Maps 
• All rendering (2D and 3D) in Google Maps uses WebGL 



© Copyright Khronos Group 2016 - Page 11 

3D Needs a Transmission Format! 

Audio Video Images 3D 
MP3 H.264 JPEG ? 

! 

A widely adopted media format 
ignites previously untapped 
commercials opportunities 

Scene geometry 
and hierarchy 

Materials and textures 

Animations and skins 
glTF is used for NORAD’s Santa Tracker Web Page 
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Khronos AR/VR Standards  

AR/VR Will Need Many, Many Standards 

Content 
Delivery 

Content 
Authoring 

Content 
Servers 

Content 
Transmission 

WITHOUT 
Standards 

WITH 
Standards 

Tools import/export 
custom 3D formats and 
so do not interoperate 

Mix and match tool 
pipelines through common 

3D asset import/export 

Every service/app stores 
3D assets in a custom format 

-> Silo’d content 

3D assets are easily 
understood and used by any 

application and device 

Long download times and 
proprietary code to unpack 

received 3D assets 

Apps have to be ported to 
each device and often 
don’t use acceleration 

3D assets packed into 
efficient formats with 

streaming and compression 

APIs provide consistent 
access to graphics, compute 

and vision acceleration 

Khronos 
standards 

useful for AR 
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3D Descriptor  
Database 

3D is About to Go Social! 

Object &  
scene 

capture 

Upload, View,  
Share  

and Comment 

Inspire and  
Motivate 

3D 
Printing  
Service 

Social Loop  
Photos -> JPEG -> Facebook 
Videos -> H.264 -> YouTube 

3D -> glTF -> ? 

Manufacturers provide 
3D Object Descriptors - 
much more information 

than 2D search 

Search 

Print 
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Khronos Principles of Organization 

Conformance Tests and Adopters 
Programs for defining conformance, 

specification integrity and cross-
vendor portability 

Any company is welcome to join 
One company one vote 

Strong IP Framework to enable 
ROYALTY-FREE specifications: 

all members agree not assert patents 
against conformant implementations 

Non-profit organization -   
Membership and Adopters fees 
cover operating, marketing and 

engineering expenses 

Only invest where there is 
strong industry momentum to 
ensure industry relevance – 

let Darwinism rule! 

Any members can propose new 
standards initiatives 

Software 

Silicon 

Hardware APIs typically need to be open standards as a stable foundation for significant 
silicon product investments and for interoperability between multiple vendors 
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Khronos Cooperative Framework 

Royalty-Free 
Specifications 

Conformance Tests and 
Adopters Program 

Documentation, Tools 
SDKs, Code Samples  

Adopters  
Build conformant 
implementation and products  

Developers 
Develop applications 
using the APIs 

Educators / Certifiers 
Create Courses 
Training and Certification 

Educator Guidelines 
Courseware Materials 

API Working Groups  
(Industry and Academic 
members) 

Members 

Wider Community 

$ 

$ 

Khronos Board 
Strategy, budget and 
oversight $$ 

One company one vote in working groups 
Board members still have just one vote 
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The Value of Khronos Participation  

Gather Industry 
Requirements for future 

silicon acceleration 

Draft Specifications 
Confidential to 

Khronos members  

Publicly Release 
Specifications and 
Conformance Tests 

Non-members 
Release 
Products 

Have a voice in 
how key 
standards 

evolve to suit 
your business 

needs 

Develop 
products in 

parallel with 
spec drafting 

for faster time 
to market  

See an early window 
into the future of the 
industry technology 

roadmap before 
products are 
developed 

Products are aligned 
with global market 
needs and trends  

The Khronos standardization process is proven to RAPIDLY 
generate industry consensus on future hardware acceleration 
functionality to EFFICIENTLY create new market opportunities 

Members can ship 
products faster than 

non-members 
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Khronos Conformance Process 

Company executes 
Adopters Agreement 

and pays fee 
(typically ~$20K for 
unlimited products) 
to enter Adopters 
program for an API 

Port Test 
Source to 

products and 
generate test 

results 

Upload test results 
to Khronos private 

web-site. Peer 
review by 

members/Adopters 

Successful Review enables 
products to use Khronos 

trademarks, be IP Protected and 
to be listed on Khronos website 

Company 
implementing 

Khronos spec wishes 
to use the   
trademark 

E.g. “We have 
implemented 
OpenGL ES” 

Full use of logo 
and trademark 

AND IP Protection 

Full use of logo 
and trademark 

with small 
disclaimer 

Restricted use 
trademark (not logo) 

with disclaimer 
language 

Adopter Benefit 
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When to Create an Open Standard? 

Consensus on 
best practices 

begin to emerge 

Darwinian industry is still 
experimenting with what 
works and what doesn’t 

Clear interoperability goals and 
requirements are agreed 

REFINE well-formed 
API proposals NOT 

design by committee 

Lack of interoperability is clearly 
holding back market growth 

Companies willing to share 
experience and technology 
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Fighting for Open Standards 

Platforms 
Idealized Universe = 
Total content lock 

‘All commercially significant 
apps run on your platform and 

nowhere else’ 

Independent Hardware 
and Software Vendors 

Idealized Universe = 
Open Standards 

‘Zero cost to monetize apps and 
services across all platforms’ 

Proprietary 
Solution Providers 
Idealized Universe = 
single viable solution 

‘All platforms and 
applications use your 

solution and nothing else’ 

Effective Open Standard Strategies 
1. Create joint investment in a standard-based solution that is too expensive 

for any one company to develop themselves  
2. Create enough momentum that companies gain more than they lose by 

supporting an open standard  

Multiple Companies Discover Collaborative Opportunity 
Collaborating on a standard can grow more market opportunity  

than competing with proprietary technology 



© Copyright Khronos Group 2016 - Page 20 

What Makes an API Standard Truly Open? 

Open GOVERNANCE 
Any company can participate in deciding the future of the standard 

No-one company or group of companies dictates the fate of the 
standard over the wishes of others 

E.g. one company one vote 

Available for Any Company to Implement and Use 
Specification available to any company 

Feedback welcomed from the user community 
E.g. Free-of-charge specs posted on the Web 

Well-defined Intellectual Property Framework 
Straightforward clarity on implementers rights and  

licenses to trademarks and IP 
E.g. Royalty-free conformant implementations 
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What Makes a Successful Open API Standard? 

Bad API Standard  
- Overprescribes implementation details  

- Forces everyone to implement a 
lowest common denominator  

- Stifles innovation 
-> Commoditization  

 
Community  

#1 
 

Good API Standard 
- Prescribes only interoperability 

- Enables implementation 
diversity  

– Encourages innovation 
-> Differentiation 

An effective standard enables two 
interoperating communities to innovate 

independently at their own rate 

 
Community  

#2 
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Open Standards and Open Source 
• Very different ways to cooperate 

- Often confused with each other 

• Open standards do not always come with open source 
- But they are often complementary  

Open Standards Open Source 
Governance Defined working group decision process Community driven 

Primary Work Product  Normative specification Shared open source repository  

IP Framework Precisely defined licensing obligations and 
protections in executed contract  Click through license in source headers 

Conformance Rigorous conformance test suite / process Informal conformance tests, many forks 

Typical Use Case Production development & deployment Rapid experimentation 

Open source implementations and tools can be a powerful tool to promote and  
accelerate ecosystem adoption of open API standards 



© Copyright Khronos Group 2016 - Page 23 

Get Involved! 
• Hardware needs APIs too! 

- Many leading edge platform capabilities are being exposed through APIs 

• Khronos is committed to creating and promoting open standard APIs  
- We would love to hear about the APIs you need for YOUR business 

• Any company or organization is welcome to join Khronos  
for a voice and a vote in any of its standards 
- www.khronos.org 

• Neil Trevett 
- ntrevett@nvidia.com 
- @neilt3d 

mailto:ntrevett@nvidia.com
mailto:ntrevett@nvidia.com
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