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2020

embedded

Khronos Connects Software to Silicon VISI- N
summit

Open interoperability standards to enable software to effectively
harness the power of 3D and multiprocessor acceleration

K H R\_ON O S' AMDZ1 " arm EPJE Google* S’é IKEA Communications AB 3D gra}phlcs., XR’ para“el .
crevr O i) S = pua programming, vision acceleration
Any company s welcome tojain | mgmanon (NEEY e Qualcoww SAMSUNG SONY Bsilicon and machine learning
P 30 Incorporated ? acer A'd}! @A\Monvs £ 220 @J,mg}spﬂgg@ amazoncom A AG| A\ ARCANE Argonne e

_ . i ) Non-profit, member-driven
NauToDesk  AXISa. [5d einomiaL ) piose DIZMR) fiezesme @erenwill @sroadcom cadence CAICT

........................... ) standards-defining industry
CAPPASITY CEVA O codeplay’  Ccodeweavers (o) % comimsnorospace  (Onitinental & @/ﬂﬂnﬁlﬂ Loretronic consortium
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NOKIA Nw= NO Ok g K Dluto @rednst =ewesas xzana are royalty-free
@i Ashopity Sucowsiers < smomamenca e STREAM  SYnOPsys SUR/CE  sAwumi %% iy .
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Founded in 2000
>150 Members ~ 40% US, 30% Europe, 30% Asia
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Khronos Active Initiatives VISI N
summit

3D Graphics 3D Assets Portable XR m’arallel Computation\
Desktop, Mobile, Web Authoring Augmented and Vision, Inferencing,
Embedded and Safety Critical and Delivery Virtual Reality Machine Learning
. i ™ "" ™
TVilkan. ANARD ITF (\\’ opencL (GYCL.
@GL]ES“ penGL. S Openl\R,
e OpenVX. NNEE
@eveL. GGL. — NEE,
3DCommerce”
penGL &9 (\mkarﬂ@" ~— \ SPIR,.. /
KHRCONOS
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Khronos Compute Acceleration Standards VISI N
summit

Higher-level <SYCL

Languages and APlIs
Streamlined development and
performance portability

OOpenVX.

Single source C++ programming Graph-based vision and
with compute acceleration inferencing acceleration

e ¥ & @
jower-evela?is  €yiican. @ GPIR.®  OpenCL

GPU rendering + Intermediate

. Heterogeneous
compute Representation (IR) comgpute f Increasing industr \
acceleration supporting paraélel acceleration hterest ign parallesll
execution an
‘ graphics compute acceleration
to combat the ‘End of
Moore’s Law’

Hardware [ GPU } GPU ]] NS /

| FPGA J[

Custom Hardware

P
Al/Tensor HW ]
|

KHRCONOS
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Embedded Vision and Inferencing Acceleration

Networks trained on high-end
desktop and cloud systems

Applications link to compiled
inferencing code or call
vision/inferencing API

Diverse Embedded Hardware
(GPUs, DSPs, FPGAs)

KHRCONOS

GROUP
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|

Neural Network
Training

Training
Data

T
Compilation Networks Ingestion
_________ R S st

P\

NNEF,

rained

-

Compiled
Code

C++ Application
Code SYCL

Vision / Inferencing

Engine OpenVXJ [

Sensor
Data

¢
,,,,,,
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NNEF Neural Network Exchange Format

O PyTorch

TensorFlow
44 PaddlePaddle

Caffe

theano

>

Chainer

KHRCONOS

2020

pmhpddpd

VISI

n

summit

Before - Training and Inferencing Fragmentation

Training Framework 1

Training Framework 2

Training Framework 3

Inference Engine 1

Inference Engine 2

Inference Engine 3

Every Inferencing Engine needs a custom importer

from every Framework

After - NN Training and Inferencing Interoperability

Training Framework 1

Training Framework 2

Training Framework 3

hﬂﬂEﬁ=

Common optimization
and processing tools

Inference Engine 1

Inference Engine 2

Inference Engine 3

© 2020 The Khronos Group
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NNEF -and ONNX

embedded

summit

ONNX and NNEF

are Complementary

ONNX moves quickly to track authoring
framework updates

o . NNEF provides a stable bridge from

Initiated by Facebook & Microsoft

training into edge inferencing engines

Embedded Inferencing Import Training Interchange

Multi-company Governance at Khronos

NNEF V1.0 released in August 2018 ONNX 1.6 Released in September 2019
After positive industry feedback on Provisional Specification.

Introduced support for Quantization
Maintenance update issued in September 2019 ONNX Runtime being integrated with GPU inferencing engines
Extensions to V1.0 released for expanded functionality

such as NVIDIA TensorRT
0 A\MOTIVE AM Dn a r m AL% . £ Alibaba Goup

weeec: ©  AMDZV  Arm  aws
cidence CEVA ETRI S ned

%%
Bai@WEE BITMAIN

CEVA fachook  GpapHcore & habana E‘;ﬁs’?"““’ 82 Huawel
HUAWEI
.mg.:l m GMSAY N2 Quawcomww IEEE 2 Ideininc. (inteD Al A MathWorks AZZEY B Microsoft
PEAKHILLS SAMSUNG SYNnopsys W neural Network Libraries [lf]  <Anvipia. NP Oath: 5 Risfsrred
TS enrs Ver] X
I IR Siicon silicon & XILINX.

Qualcomm §Sas  skymizer  SYnopsys Tencent <€ unity
NNEF Working Group Participants

ONNX Supporters
KHRCONOS

GROUP
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NNEF Open Source Tools Ecosystem VISI N
summit

Compound operations TensorFlow and N N EI

captured by exporting TensorFlow Lite —

Import/Export

graph Python script

NNEF Model Zoo
Now available on GitHub. Useful for
c checking that ingested NNEF produces
affe and
Caffe2 acceptable results on target system
Import/Export

ONNX
Import/Export

€ ONNX

NNEF adopts a rigorous approach to
design lifecycle
OpenVX Especially important for safety-critical or
Ingestion and mission-critical applications in automotive,
Execution industrial and infrastructure markets

Syntax
Parser and
Validator

NNEF open source projects hosted on Khronos NNEF

GitHub repository under Apache 2.0
https://github.com/KhronosGroup/NNEF-Tools

KHRCONOS

GROUP © 2020 The Khronos Group 8


https://github.com/KhronosGroup/NNEF-Tools
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SYCL Single Source C++ Parallel Programming VISl N

summit

Complex ML frameworks

can be directly compiled
SYCL-BLAS, ?YCL'DNN’ C++ Standard C++ 1F and accelerated
SYCL-Eigen, . . Application
SYCL Parallel STL Libraries Code Frameworks TensorFlow
C++ Template C++ Template C++ Template i** tt‘?mplates a"td ';'m't’cg"
Libraries Libraries Libraries unctions separate hos
accelerated device code

| @

SYCL Compiler } [ CPU } £

C++ Kernel Fusion can give for OpenCL Compiler 1w Y\ |
better performance on (SYCL
complex apps and libs than "
hand-coding
Accelerated code .. .
T e R H PU U SYCL is ideal for accelerating larger
C++-based engines and applications

with performance portability

OpenCL compilers 7 u‘j
[
[

Al/Tensor HW ]
)

Custom Hardware

KHRCONOS
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SYCL Implementations VISl N

summit

SYCL, OpenCL and SPIR-V, as open industry
standards, enable flexible integration and SYCL
SYCL enables Khronos to influence

deployment of multiple acceleration technologies Source Code
‘SYCL ISO C++ to (eventually) support

heterogeneous compute

UNIVERSITAT
HEIDELBERG

& XILINX.

triSYCL hipSYCL

Open source SYCL 1.2.1 on
test bed CUDA & HIP/ROCm

(i@ (¢ codeplay’

DPC++ ComputeCpp

Uses LLVM/Clang SYCL 1.2.1 on
Part of oneAPI multiple hardware

&
\\0 Q/‘; -

1 LAUR T
\\z’t‘(’/ OpenCL QpenMP

Jejuswiiadx3

CUDA+PTX OpenCL+PTX
NVIDIA GPUs | NVIDIA GPUs Any CPU Any CPU NVIDIA GPUs
\ 4 A \ 4
- OpenCL + - OpenCL + -3 OpenCL + @
OpenCL IS rRY Rl SPIR(-V) OpenCL RS S D GPUs
GPIR. GPIR. GPIR.
Intel CPUs Intel CPUs XILINX FPGAs
Intel GPUs Intel GPUs POCL . .
Intel FPGAs Intel FPGAs (open source OpenCL supporting Multlple. Backends in Development.
AMD GPUs CPUs and NVIDIA GPUs and more) SYCL beginning to be supported on multiple
(depends on driver stack) m low-level APIs in addition to OpenCL
Arm Mali e.g. ROCm and CUDA
For more information: http://sycl.tech

IMG PowerVR

K H R \)C N O s® Renesas R-Car
© 2020 The Khronos Group 10
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http://sycl.tech/
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OpenVX: Cross-Vendor Vision and Inferencing VISI- N
summit

OpenVX

High-level graph-based abstraction for portable, efficient vision processing
Graph can contain vision processing and NN nodes - enables global optimizations
Optimized OpenVX drivers created, optimized and shipped by processor vendors
Implementable on almost any hardware or processor with performance portability
Run-time graph execution need very little host CPU interaction

OpenVX Graph
N e _ ... - - - T - === == === |
: O penVX Vision !
Native | o Node o s I Downstream
Camera —:—> \ﬂglc?en \ﬂglé): —L—> Application
Control CNN Nodes Processing -
: O@gk) | ﬁ-\MDEI caden CB
I I
i | €3 €(vees ETRI
e 7ol il il . n” @> (D
NNEF NNEF Translator converts NNEF lmaqglnjc:tlon ertﬁl ,E,%Ag
representation into OpenVX Node Graphs @
QUALCONW\ SYNOPSYS'
Performance comparable to hand-optimized, non-portable code socionext ! TS s
Real, complex applications on real, complex hardware @ -
Much lower development effort than hand-optimized code Silicon
wardware Implementatiory

KHRCONOS

GROUP © 2020 The Khronos Group 11
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embedded
OpenVX: 1.3 Released October 2019 VISI N
summit
Functionality Consolidation into Core Deployment Flexibility through Feature Sets
Neural Net Extension, NNEF Kernel Import, Conformant Implementations ship one or more complete feature sets
Safety Critical etc. Enables market-focused Implementations
- Baseline Graph Infrastructure (enables other Feature Sets)
Open Source Conformance Test Suite - Default Vision Functions
https://github.com/KhronosGroup/OpenVX-cts/tree/openvx_1.3 - Enhanced Vision Functions (introduced in OpenVX 1.2)
- Neural Network Inferencing (including tensor objects)
OpenCL Interop - NNEF Kernel import (including tensor objects)

- Binary Images
Safety Critical (reduced features for easier safety certification)
https://www.khronos.org/registry/OpenVX/specs/1.3/html/OpenVX_ Specification_1_3.html

Custom accelerated Nodes

Application

OpenVX user-kernels can access command queue
and cl_mem objects to asynchronously schedule
OpenCL kernel execution

Fully asynchronous host-device
operations during data exchange

Copy or export
cl_mem buffers into OpenVX data
objects

OpenVX data objects cl_mem buffers

C\ ,"
‘ )penv x ; OpenCL Command Queue
Runtime Map or copy OpenVX data objects OpenCL
Runtime

into cl_mem buffers

KHRCONO SP OpenVX/OpenCL Interop

© 2020 The Khronos Group 12
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https://www.khronos.org/registry/OpenVX/specs/1.3/html/OpenVX_Specification_1_3.html
https://github.com/KhronosGroup/OpenVX-cts/tree/openvx_1.3

Fully Conformant Open Source OpenVX 1.3
for Raspberry Pi

https://github.com/KhronosGroup/OpenVX-sample-impl/tree/openvx_1.3
Raspberry Pi 3 and 4 Model B with Raspbian OS
Memory access optimization via tiling/chaining
Highly optimized kernels on multimedia instruction set
Automatic parallelization for multicore CPUs and GPUs
Automatic merging of common kernel sequences

OOpenVX. %

“Raspberry Pi is excited to bring the Khronos OpenVX 1.3 API to our
line of single-board computers. Many of the most exciting
commercial and hobbyist applications of our products involve
computer vision, and we hope that the availability of OpenVX will

help lower barriers to entry for newcomers to the field.”

Eben Upton
Chief Executive Raspberry Pi Trading

KHRCSNOS

SED =AM O

Open Source OpenVX Tutorial and Code Samples
https://github.com/rgiduthuri/openvx_tutorial
https://github.com/KhronosGroup/openvx-samples

LDl

© 2020 The Khronos Group
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https://github.com/rgiduthuri/openvx_tutorial
https://github.com/KhronosGroup/openvx-samples
https://github.com/KhronosGroup/OpenVX-sample-impl/tree/openvx_1.3

é’fﬁheddpd
VISIE N

OpenCL is Widely Deployed and Used it 1

The industry’s most pervasive, cross-vendor, open standard }

Desktop Creative Apps
for low-level heterogeneous parallel programming

Parallel Machine Learning
Languages Libraries and Frameworks E

F

Lﬁ @ @CL“ m 1F Molecular Modelling Libraries

oloy

FSesit gy SONY  |Qendcc OpenMM  roibiNg
Modo darktable e Xiaomi GROMACS :
c m . CIDN N @ M A C E geln:!tﬁatRHAMrdecmmolecular Mec:hanu:';‘\s'r pooXBLE FREE ; @HOME Fo?eBalance
AUTODESK -|-C . qparapl Mabile Al Compute Engine
CyberlLink,, SYCL-DNN Machine Learnin Vision, Imaging Math and Physics
Nv p Vegas Pro PyopenCL Caffe Compilers g and Video Libraries Librarieg
RADEDO “ ; 2 FAST O
FROTIDER g R FLOW Linear Algebra NNAPI ACU[ty a ﬂ tvm.. f”‘“‘m ;. &ng cgﬁﬁ
@ r\ (GIMP Libraries verisilicon ' © ’
Soft Bhomniias L penVX. @) GNU Octave
apture One BIaCkmagiCdeSigng EJCL-BL AS Metawar:mg;s < ) G |_ O VV v Vi Si on Cpp~ ) Wolfram Mathematlca
- rrayFire
blender’ - swwovete —\[jennaCL ) a . w4 Metashape
@ i PpLaEaeRense: UL Bl [ereiny (L) plaidViIL  Halide brr { & } Matlab‘
CLBlast Arm Compute Library MPEI v roms

M SideFX @acdsee

’ AMDOl Aarm
‘ @Z SAMSUNG OpenCL ﬁ ¥ Texas @Siﬁcon & XILINX.

QuALcoMmn INSTRUMENTS
NVIDIA.
Accelerated Implementations https: //en. wikipedia,org/wiki/List_of OpenCL applications

K H RON o S® © 2020 The Khronos Group 14
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http://www.google.com/imgres?imgurl=http://www.evafedoramx.org/wp-content/uploads/2012/09/Logo-Gimp.png&imgrefurl=http://www.evafedoramx.org/2011/10/22/alternativas-libres-a-herramientas-privativas/&docid=lw631MBGbbWMKM&tbnid=gWQaxmY2sehNfM&w=500&h=500&ei=2DFjUdGOIOGEyAHsoYGYDw&ved=0CAMQxiAwAQ&iact=ricl
https://en.wikipedia.org/wiki/List_of_OpenCL_applications

OpenCL - Low-level Parallel Programing

2020

aembedded

summit

Programming and Runtime Framework

for Application Acceleration
Offload compute-intensive kernels onto parallel
heterogeneous processors
CPUs, GPUs, DSPs, FPGAs, Tensor Processors
OpenCL C or C++ kernel languages

Platform Layer API
Query, select and initialize compute devices

Runtime API
Build and execute kernels programs on multiple devices

Explicit Application Control
Which programs execute on what device
Where data is stored in memories in the system
When programs are run, and what operations are
dependent on earlier operations

KHRCONOS

GROUP

77 a

OpenCL

Host «
CPU

Runtime OpenCL API to
‘ compile, load and execute
kernels across devices

CPU
CPU

OpenCL
Devices

4 Complements GPU-only APIs A

Simpler programming model
Relatively lightweight run-time
More language flexibility, e.g. pointers
\_ Rigorously defined numeric precision )

© 2020 The Khronos Group 15
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OpenCL 3.0 VISI N

summit
AP b
pv«;‘;’«;&c\‘ Increased Ecosystem Flexibility O’penEIZ @

Qe“cy:’“:\;‘d‘g All functionality beyond OpenCL 1.2 queryable plus

o 2% .

HE N macros for optional OpenCL C language features . .

R New extensions that become widely adopted will be _OEeerr:gl'SC’ {\Ai(:\srfe?iftg;:; "
integrated into new OpenCL core specifications ’ ’
- address spaces, - templates,
OpenCL C++ for OpenCL - special types, - type deduction,

Open source C++ for OpenCL front end compiler

combines OpenCL C and C++17 replacing
OpenCL C++ language specification

Unified Specification C++ for OpenCL
All versions of OpenCL in one specification for easier
maintenance, evolution and accessibility v
Source on Khronos GitHub for community feedback,

functionality requests and bug fixes
(SHRm

Moving Applications to OpenCL 3.0
OpenCL 1.2 applications - no change 4
OpenCL 2.X appllcat!ons - no code changes if all used supported by Clang and uses the LLVM
. functionality is present . compiler infrastructure
Queries recommended for future portability OpenCL C code is valid and fully compatible

Supports most C++17 features
K Generates SPIR-V kernels /

C++ for OpenCL \

KHRCONOS

GROUP © 2020 The Khronos Group 16


https://github.com/KhronosGroup/Khronosdotorg/blob/master/api/opencl/assets/CXX_for_OpenCL.pdf
https://github.com/KhronosGroup/OpenCL-Docs

= 1 TensorFlow Blog

Q_ Search the Blog 3

TensorFlow Lite

Even Faster Mobile GPU
Inference with OpenCL

August 17,2020 L 4

Posted by Juhyun Lee and Raman Sarokin, Software Engineers

While the TensorFlow Lite (TFLite) GPU team continuously improves the existing OpenGL-based
mobile GPU inference engine, we also keep investigating other technologies. One of those
experiments turned out quite successful, and we are excited to announce the official launch of
OpenCL-based mobile GPU inference engine for Android, which offers up to ~2x speedup over
our existing OpenGL backend, on reasonably sized neural networks that have enough workload

for the GPU.

Figure 1. Duo's AR effects are powered by our OpenCL backend.

Improvements over the OpenGL Backend

Historically, OpenGL is an API designed for rendering vector graphics. Compute shaders were
added with OpenGL ES 3.1, but its backward compatible API design decisions were Ilmltlng us

$1h0GRI Ananth hamthexdand

3
z
;
-

KHR@NOS®

GROUP

Latency (in ms)

Latency (in ms)

Google Ports TensorFlow Lite to OpenCL

cPu M OpenGL M OpenCL

125
100
75
S0
25
: I
Xiaomi Mix (8D 855) Vive Z3 (8D 710) Huawei Mate 20 {Kirin 980)
Figure 2. Inference latency of MNASNet 1.3 on select Android devices with OpenCL.
cPU M OpenGL M OpencCL
250
200
150

100
50
) B

Xiaomi Mix (SD 855) Vivo Z3 (8D 710) Huawei Mate 20 (Kirin 980)

Figure 3. Inference latency of SSD McbileNet v3 (large) on select Android devices with OpenCL.

2020

embedded

VISI N
summit

77 “a
OpenCL

OpenCL providing ~2x inferencing
speedup over OpenGL ES
acceleration

TensorFlow Lite uses OpenGL ES as a
backup if OpenCL not available ...

...but most mobile GPU vendors
provide an OpenCL drivers - even if
not exposed directly to Android
developers

OpenCL is increasingly used as

acceleration target for higher-level
framework and compilers

© 2020 The Khronos Group 17
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Primary Machine Learning Compilers VISl N

~summit
Selvm.. &ploidML Oclow
amazon (inteD £ Google

TensorFlow Graph,

MXNet, PaddlePaddle, PyTorch, ONNX Ly St

Caffe, K
Import Formats N o

MXNet, ONNX Keras, ONNX PyTorch, ONNX
Front-end / IR NNVM / Relay IR nGraph / Stripe IR Glow Core / Glow IR XLA HLO @
MLIR
Output OpenCL, LLVM, OpenCL, OpenCL TLLVM;:I'I'PUI_I!:, )jL:NTPI
utpu CUDA, Metal LLVM, CUDA LLVM ensorFlow Lite

(inc. HW accel)

‘ Frontend ’ - Keras, ONNX, nGraph

Importer / - Op Libraries in C/C++, Python
Bridge = Or write own ops meuTS -
ONNX .
I ! Optimizer .
+ Gradient generation, torch — ONNXIFl— | Glow Core CodeGen
| oA | o | | ok |'| opecl | Stripe IR, Lowering o e
+ OpenCL
HAL ¢ LLVM RGO
« CUDA

=~ Third party components --+» Under development

KHRCONOS

GROUP © 2020 The Khronos Group 18
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embedded

ML Compiler Steps VISI N

stvm. B Ocion Kb

amazon @ n Google Consistent Steps

1.Import Trained
Network Description

TensorFlow Graph,

Caffe, Keras, TensorFlow Graph,

Import Formats MXNet, ONNX MXNeKtérl::dt(i)l::;ddle, PyTorch, ONNX PyTorch, ONNX
’ 2. Apply graph-level
Front-end / IR NNVM / Relay IR nGraph / Stripe IR Glow Core / Glow IR xaHoO| @ | < optimizations e.g. node fusion,
MLIR node lowering and memory tiling
OpenCL OpenCL, LLVM, OpenCL OpencCL, OpenCL OpenCL OpencL _LLVM, TPU IR, XLA IR
Output nJ CUDA, Metal %,/ LLVM, CUDA nJ, LLvM O Mbriiioddiaad 3. Decompose to primitive
— instructions and emit programs
(SP[R,, for accelerated run-times
Fast progress but still area of intense research
If compiler optimizations are effective - hardware accelerator APIs can stay ‘simple’ and
won’t need complex metacommands (e.g. combined primitive commands like DirectML)

KHRCONOS

GROU © 2020 The Khronos Group 19
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Google MLIR and IREE Compilers

Optimizes and Lowers  Generate Hardware

Trained Models for Acceleration Specific Binaries
A A A MLIR
4 N _ AN A Multi-level Intermediate Representation
_ MUR+IREE Compller Normaly oty modele Format and library of compiler utilities that sits
e _ — i(mplicitlv at runtime) between the trained model representation and
CUDA/OpenCL/etc.)) ) .
' S low-level compilers/ executors that generate
-—L : (Normally hand-ported) hardware-specific code
' ~ IREE Linker IREE
— Intermediate Representation

Hardware Abstraction Layer (SPIR Execytion Environment .
Command Buffers ~ Lowers and opt1'm1zes M!_ models fqr real-time
accelerated inferencing on mobile/edge
ﬁ II — el heterogeneous hardware
! Contains scheduling logic to communicate data

dependencies to low-level parallel pipelined
hardware/APIs like Vulkan, and execution logic
to encode dense computation in the form of
hardware/API-specific binaries like SPIR-V

I

MLIR

(Tiny) Virtual Machine

(Gray boxes do not yet exist)

IREE is a research project today. Google is working with Khronos
working groups to explore how SPIR-V code can provide effective
inferencing acceleration on APIs such as Vulkan through SPIR-V

KHRCONOS

GROUP © 2020 The Khronos Group
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SPIR-V:Language Ecosystem ?ﬂ?ﬁdﬂ

su‘mmlt'

@ — IREE

(\, Metal
Vulikan. ©penGL. MLIR Shading
Language
GLSL
HLSL
O/ EIZ HLSL » DXC GLSL
pen
( "\
C++ for OpenCL VUIKan@
opencLC ){ Clang » clspv ‘SPIRm
penCL
Environment Specs OpenCLon12 >  DXIL D
, OpenCL Vulkan Inc. Mesa SPIR-V to DXIL
&
SPIR-V Tools
(SYCLw Intel DPC++ MM - (Dis)Assembler
Validator
SYCL »  triSYCL LV R Transiato Optimize/Remap s7~Ta | |
uzzer Language Definitions
Reducer OpenCL =

ComputeCpp T

| 3rd Party Open Source |

OpenCL C | Closed Source |
SPIR-V enables a rich ecosystem of languages and compilers to Online
target low-level APIs such as Vulkan and OpenCL, including Compilation

deployment flexibility: e.g. running OpenCL C kernels on Vulkan

KHRCONOS

GROUP © 2020 The Khronos Group 21




Khahas for Global Industey S berstRN Vigl

_'-;-jgsummlt»'i"‘“

Promoter Members

Participate and vote in
Working Groups, Board
seat for setting strategy
and buaget

Conformance is Key
Comprehensive testing
frameworks available

Adopters
Build conformant
implementations

Developers
Freely develop software
using Khronos standards

Promoter, Contributor, Non-Profit,
Associate, and Academic Members

—_— T o
aCommerce ANARI» (EGL. (OITF 'NNEE

openct CpeoL  QpedLEs  CpenoLiey

OoeVG  OpervX. poxR. GPIR. GYCL.

Cilkan.  Wilkan/@' (@eboL.

Ratified Specs,
SDKs, Samples,
Reference Cards

Contributor Members
Participate & vote in
Working Groups

Non-Profit, Associate,
and Academic Members

Participate in Working Groups

Working Groups
For each Standard,
open to all members

Specifications &
Learning Materials

Public & free of charge

Ecosystem
Samples, tools, webinars,
tutorials, meetups

Khronos membership is open
to any company

Influence the design and direction
of key open standards that will
drive your business

Accelerate time-to-market with
early access to specification drafts

Provide industry thought
leadership and gain insights into
industry trends and directions

Benefit from Adopter discounts

www. khronos.org/members/
ntrevett@nvidia.com | @neilt3d
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Resources VISI N
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» Khronos Website and home page for all Khronos Standards
* https://www.khronos.org/

* OpenCL Resources and C++ for OpenCL documentation
e https://www.khronos.org/opencl/resources
* https://github.com/KhronosGroup/Khronosdotorg/blob/master/api/opencl/assets/CXX_ for_OpenCL.pdf

* OpenVX Tutorial, Samples and Sample Implementation
» https://github.com/rgiduthuri/openvx_tutorial
* https://github.com/KhronosGroup/openvx-samples
» https://github.com/KhronosGroup/OpenVX-sample-impl/tree/openvx_1.3

 NNEF Tools
» https://github.com/KhronosGroup/NNEF-Tools

 SYCL Resources
 http://sycl.tech

* SPIR-V User Guide
« https://github.com/KhronosGroup/SPIRV-Guide

- MLIR Blog

» https://blog.tensorflow.org/2019/04/mlir-new-intermediate-representation.html

» |IREE GitHub Repository

«  https://google.github.io/iree/ K H R C\; N o s@
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