2025
EMBEDDED

VISION

SUMMIT

Deploying Accelerated ML & Al:
The Role of Khronos Open Standards

Neil Trevett
President
The Khronos Group



Khronos Connects Software to Silicon

KHRCONOS

GROUP

Non-profit Standards Consortium
creating open, royalty-free standards

Focused on runtime APIs and file
formats for 3D, XR, Al, vision, parallel
compute acceleration

Member-driven, open to any company

KHRCONOS

GROUP

EMBEDDED

VISION

SUMMIT’

r p
O " AMDDl @ Google 2 |
KHRCNOS c arm ge &% e
Over 150 members worldwide |nt | @2 Qual SAMSUNG SONY VALVE @silicon
Any organization is welcome to join el NVIDIA. Lzletiin
%1‘2 Acoenture Scng &)‘ F.Y Adobe Q) avonve ® ALLER €2 Abat amazoncom i A Al
Argonne & /1 AUTODESK BADVISORK - Bentley BINOMIAL Buzl&ﬂﬂ ADblender ES} @ BoSsCH
O BROADCOM Iul ByteDonce canon & cESIUM 0O o coins Reruspace Core. DEG
COLLABOR ——
F5 pmans omeP dogp\e ERICSSON 2 FORGE %3 Fraunhofer 5 GLERFLY \_EMI 9’: HcH,
s Qwow hre [ Qisie  womeen gkDAB G ] Lk
@usmenes  Jogitech LUNARG  maiesK  malron COMeta  MEWX Ewceor (@
b NaturalPoint NETFLIX G NO<IA M [H]  @oe
& [ ] pluto 2 ptc [& rasTERGRID ' & RedHat Renesas VIVE
Paaswanc Pua rom o
Rokid @ Wuians  (Peosevess  pmmmmE  {}  SIREAM =) & SuperDnaX TAKUMI £ e
ooy
Tencent i . Esacon = @ Threekit e £ unity B
Lasics  Somsr  fEm @ 0 8 UxsD varae B vivo vnTAnA g
£ AOUSD . auresam  mr 3 GTI Liaisons: Coaperation with industry associations and organizations o vesa SUXL web[3D
AREA 7o & HapTiCS imoRggiiic] '\‘/ Bire i & © Smithsonian W3T @
J

Founded in 2000

~ 160 Members |~ 40% US, 30% Europe, 30% Asia

ISO/I

© 2025 The Khronos Group

EC JTC 1 PAS Submitter




Topics

GPU Processing Parallel Compute

Desktop, Mobile, Web Machine Learning
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Update on the Kamaros camera control API currently in development
New Slang GPU shading language with machine learning capabilities
Updates on OpenCL and Vulkan for machine learning acceleration
Ongoing evolution of the ML acceleration ecosystem

Spatial Computing 3D Asset

Augmented & Virtual Reality
Camera Control Form atS
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Kamaros Camera Control API VISION

SUMMIT’

Developer-facing APl for detailed and performant access to embedded cameras

Frameworks E.g.,GStreamer, — ——Jl_—— Applications

& Middleware OpenVX | Libraries

Kamaros P :
API (\L(_gmaros* Kamaros Runtime

Transport CSI-2 13C UsB

SOLY | SOdwody) | plopuy | XnuL] | SMOPUIM

Physical

. Sensors Lenses Lights Processors
Devices

— -

L _ _ _I Some libraries may be in scope
K H R (\; N O s@ Names of transport layers, framework and operating systems are illustrative examples
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Kamaros Scope VISION
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Kamaros will be deployable as a
standalone driver or integrated
into a Vulkan runtime

Kamaros API provides application facing controls
for Camera Modules and close-to-sensor Image
Signal Processing (ISP) hardware

P : Y
Q&gmarosg O penVX. OpencL Vulkan.
A A
'd Y 'd N\
Control often over 12C
v 1 [

Camera |, Downstream

Module | ISP -

_—*—' May be c:Jr:m:itr:i?\:trig:lfg? zedicated > HOSt < > StreamiI:;’cl)rﬁgrsei.lc ?n%, VB
Camera hardware and programmable CPU reEsEs iy L, niEay clis,
Module processing e.g., DSPs or GPUs
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DDR Memory
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Kamaros and Sensor Vendor Benefits V!USJ&?N

Kamaros has a careful API abstraction: defines operation, not implementation
* No need for implementers to expose proprietary technology
* FASTER software ecosystem access to and utilization of sensor innovations
Kamaros will be extensible using Khronos’ proven extension process
* To rapidly track and evolve to handle sensor innovations
* Vendors can experiment with custom extensions before collaborative standardization

Kamaros Pipeline Templating enable definition of tested, well-performing pipelines
* Reduce risk of sensor mis-configurations

( Kamar05®

Kamaros Working Group welcomes input and feedback from sensor vendors
» Kamaros drivers will be often implemented and shipped by SOC vendors or system integrators
* How can Kamaros best support sensor integration?
* What sensor controls are needed beyond exposure time, gain, cropping and scaling?

KHRONOS

© 2025 The Khronos Group
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Kamaros Timeline VISION

SUMMIT
2021 2022 2023-2025 2026

Camera Kamaros Working Kamaros Kamaros 1.0
Exploratory Group Group Created Spec Drafting Release
In response to industry Working Group formed Including Including open-
requests EMVA and Khronos under the Khronos cooperative source sample
cooperate to explore membership and prototyping using implementation
industry interest and build IP framework Linux on and Conformance
consensus on use cases and Raspberry Pi Test Suite
requirements Work starts on the

detailed specification of KHRCONOS : .
Over 70 companies join the API erevs KHRO NG QUS.,
and contribute to the
discussions KHRCONOS
1><<£ KHRCNOS Two ways to get involved:

(3 1. Join Khronos to directly influence API design and evolution

european machine vision association

2. Join Kamaros Advisory Panel to review pre-release spec drafts ($0)
Email: memberservices@khronosgroup.org

KHRCSONOS
GROUP © 2025 The Khronos Group
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Khronos Compute Acceleration Standards VISION
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Choice of programming models to meet the needs of diverse developers
Higher-level applications, libraries, and languages and APIs often use lower-level standards for hardware access

GyeLm

Higher-level NNEF, L) OpenVXm QSIang SYCL.

Languages /APIs

Streamlined Neural Network Graph-based vision  Open-Source, Cross- Single source C++
development and Exchange Format and inferencing Platform Shading programming with
performance portability = Trained Networks acceleration Language compute acceleration

‘f\m‘i(an‘\@' Shaders Kernels P a
Lower-level WWakan. ¢ GSPIR-V. o OpenCL

IRs /APIs
Explicit GPU rendering + Intermediate Representation (IR) Heterogeneous
hardware control compute acceleration language compiler target with compute acceleration

C parallel execution and graphics

7
[ GPU ] [ FPGA ][[[ cpu || Gpu ]][ DSP |

KHRCONOS [ Custom HW ][ Al/Tensor HW ]
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Slang Open-Source, Cross-Platform Compiler VISION

SUMMIT’

Slang Developer Benefits

On-ramp existing code bases Improved maintainability of Write Once - Run ‘Everywhere’
and incrementally transition large-scale code bases, language with multiple, diverse
to a modern language expressivity, machine learning compiler backends

Slang é Slqng GSPIR-V.~ Wuian.

*
HLSL 2020 GLSL
oot HLSL ——> Birectx
MSL —— N\
Slang is an innovative language WGSL —»@U
designed specifically for GPUs PyTorch
A better fit than C++ e.g., C++ Templates do not
solve shader combinatorics problem C (CPU)
CUDA
KHRCNOS Optix

GROUP © 2025 The Khronos Group
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Slang and Machine Learning VISION

SUMMIT’

e Slang Automatic Differentiation
* Fine-grained, modular automatic differentiation directly within GPU shaders
* Used in gradient descent solutions to train neural networks
* E.g., custom convolution operations, optical flow, stereo matching

* SlangPy Python library simplifies integration of Slang GPU-accelerated code

* Integrate and differentiate high-performance Slang kernels within PyTorch
* Accelerate complex, non-standard ops: sparse convolutions, geometric transformations

i @ python" 2> €2 Slang-

fwd_diff(eval)(dpL, dpV, dpN); l

- dmport :slangpyias sp float add(float a, float b)
import numpy as np {
module = sp.Module.load_from_file( return a + b;
device, "example.slang") }
a = numpy_array_1

4 b = numpy_array_2
result = module.add(a, b)

KHRCONOS

GROUP © 2025 The Khronos Group 10



EMBEDDED

Khronos Slang Open-Source Shading Language VISION
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* Slangis the first Khronos initiative where the primary deliverable is open source
* Not an open standard interoperability specification

* Leveraging 15 years of R&D and deployment experience
* Originally hosted at NVIDIA from 2017

* Now hosted at Khronos hosting to foster industry-wide collaboration and innovation
* Open governance provides all an equal chance to influence and decide Slang’s evolution

Technical work 100% under streamlined open-source project
Welcome contributors from any engaged company

t] S I (o | ng ™ Community-driven project structure and best practices suited to a shading language

Working Group bit only for logistical and funding support
Enable the open-source project to focus on technical forward progress
Explore and leverage synergy between Slang, Vulkan and SPIR-V

Try Slang right now in your browser!
https://shader-slang.org/slang-playground/

KHRCONOS

GROUP © 2025 The Khronos Group
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Slang Industry Interest
SUMMIT
Star History
® % shader-slang/slang
® §° microsoft/DirectXShaderCompiler
@ KhronosGroup/ glslang
3.0k
(2]
[
3
& 2.0k
2 . ~
b Traditional HLSL and GLSL
open-source compilers
10k Slang transitions to
t Khronos-hosted open
/ governance
2016 2018 2020 2022 2024
Date % star—history.com
KHRCONOS
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Accelerated ML Landscape VISION

SUMMIT’

The native machine learning acceleration stack is complex
Similar discussions also happening in the JavaScript stack for machine learning in the Web

ML Authoring Frameworks 1F TensorFlow O PyTorch 7(_5/_)' PaddlePaddle Tiny

Baidu tinygrad

Q@ n WmEvm Ociow £7Slang

MLIR
IREE

RUNtIMES s N Ot [ openive JAMNN 755 LLaMA (%) a1|1o||Compilers

ExecuTorch

OpenVX. - . ] 7 '
Graph APIs @c(,,eML DirectiL | | OPerators === TOSA & ONNX O Pyorch | | Exchange Formats €} ONNX "NNEFE E%F
Acceleration APIs @ilian.  OpenCL SYCL. won  Directx men N

Acceleration APIs are the foundation of this stack
Khronos provides the industry’s only non-proprietary accelerator APIs

KHRCONOS
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OpenCL and Machine Learning VISION

SUMMIT’

Programming and runtime framework for parallel heterogeneous processors
* Offload compute-intensive kernels onto diver hardware: CPUs, GPUs, DSPs etc.

OpenCL is often used as a backend for ML compilers and inference engines
* Especially in the embedded and mobile markets

OpenCL has a robust future pipeline of Al-related extensions

* Recordable command buffers, including mutable command buffers

* 'Cooperative matrix’ for standard access to dedicated matrix hardware
* New Al data types, such as bfloat16 and fp8

7 A
Machine Learning frameworks, libraries and compilers using OpenCL for offload acceleration OpenCL

KHRONOS

ROU © 2025 The Khronos Group
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Vulkan for ML Inferencing V!EJ&?N

* “Explicit” low-level graphics and compute API providing detailed GPU control
* Widely adopted and deployed in mobile, embedded desktop and cloud platforms
* Native drivers for Windows, Linux, Android and Nintendo Switch
* Extensions provide an increasing range of high-performance ML-focused primitives
* VK_KHR_cooperative_matrix - matrix-matrix multiply in a subgroup
* VK_NV_cooperative_matrix2 - matrix-matrix multiply in a workgroup scope
* VK_NV_cooperative_vector - matrix-vector multiplies with fp8/fp16 & int8 support
* Precisions: VK_KHR_shader_bfloat16 and VK_KHR_shader_float16_int8

Vulkan is being increasingly used to provide backend acceleration in inference frameworks

o) \
O pyTorch 4] JA MNN E‘ﬂ Tencent
ExecuTorch GGML beubltc\tb; e (\

Vulikan.

mlvm 0|||c Al

Apache IREE Inc.

K H RO N O S® © 2025 The Khronos Group 15
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Machine Learning Acceleration Complexity

Open-Source Frameworks

Compilers, Runtimes and Libraries
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——p Direct Integration
- - =% Custom Kernels
- - -9 File Formats

/ :»@penVIN@'\

A )

7 NVIDIA.

- - TENSORRT
_ a -l ONNX

- = NLE( RUNTIME

N\

7;%;5 PaddlePaddle
Baidu

The complex ML landscape of compiler, runtimes
and libraries results from the search for acceleration
flexibility, customization, and optimization
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SUMMIT
Acceleration APIs
DirectML
n\IIDIA
CUDA > Proprietary
AMDDI APls
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N\
- J
OpenVX. )
/7" KHRCONOS
OpenCL Open
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Khronos APIs provide the only non-

proprietary access accelerator hardware

16



EMBEDDED

Khronos ML Market Research VISION

SUMMIT’

e Can open standard acceleration APIs reduce this market friction and complexity?
* Faster performance, streamlined development, reduced porting and support costs

* What are the real-world industry needs that would have to be met?
* Do we need a common ML hardware acceleration stack for CPUs, NPUs and GPUs?
* What functionality should HAL APIs provide for effective tensor acceleration?
* What is the most effective way to balance inferencing and other loads on a GPU?

* What are the most promising potential solutions to explore?
* Will a graph abstraction enable optimal and portable performance?
* Standardization of a tensor operator set such as Arm’s TOSA?
* Communicate optimization data between layers of the stack?

Khronos is initiating funded market research to try
to begin answer these questions and more!

Seeking first round of input in this online survey
Please take few minutes - your input is appreciated!

Khronos Group Al Opportunity Survey

KHRCONOS

GROUP © 2025 The Khronos Group
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https://docs.google.com/forms/d/e/1FAIpQLScyA1m31_APnjKmRdN1-hFkfxrIrXTygXvumRh5YNg4bq5OWQ/viewform
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Camera or sensor vendor?

* Please consider participation in the Kamaros Working Group

* Join Khronos or request to join the Advisory Panel for free
Using GPUs for inferencing or image processing?

* Try out the open-source Slang Shading Language for free on the Web!
Seeking portable and effective inferencing acceleration?

* Make your requirements known in the Khronos high-level ML Survey!

* Let us know if you would like to provide more detailed input and feedback

All welcome to join Khronos to directly influence standards design and evolution
 www.khronos.org/members/
* Email memberservices@khronosgroup.org

More information on all Khronos APls K H R C-\) N o S®

e https://www.khronos.org/ GROUFP

KHRONOS
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