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Programming Models Must Persist

US National Laboratory Supercomputers 2021-2023

AMD CPU

PR - Programming models should
& have high quality, portable
implementations

AND CPU Which programming languages have

AMD GPU

D CPU | ERRRPT formal conformance test?

Nvidia GPU

AMD CPU
AMD GPU

o
o

n:
00
Z

ECMAscript, HTTP, Kubernetes,
Khronos languages
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SYCL 2020 Conformance Test Suite released

SYCL Conformance Test Suite

Expressiveness and simplicity for SYC12070 Faatres WorkPion
heterogeneous programming in 4.15.3 Atormic Refs
4.,14.3 Marrays
mOdern C + 4+ 4.17.3 Group Functions + 4.17.4 Group algorithms
4.6.5.2 Queue Shortcut Functions
New Features 4.7.2 Buffer Class - SYCL2020
oL . 4.6.3 Context Class + 4.6.4 Device Class - SYCL 2020
Unified Shared Memory | Parallel Reductions | 3 Header fle - Svelaoos
Subgroup Operations | Class template Argument 4.6.1.1 Device Selector - SYCL2020
Deduction 4.17.2 Function Objects - SYCL2020

4.17.5 Math Functions

4.17.6 Integer Functions

4,17.7 Common Functions

4,17.8 Geometric Functions

4.17.9 Relational Functions
https://github.com/KhronosGroup/SYCL-CTS 415.1 Barriers and Fences

4.16.1 Stream Class Interface - SYCL2020

o 4,7 Accessor - 5YCL2020

= 4,13 Error handling

4.11.12 Kernel Bundle - SYCL2020

4.11.13.2 Kernel Information Descriptor - SYCL2020
© 4.11.14 device_image class - SYCL2020

4,11.13 Kernel class - SYCL2020

4.9,1.7 Group Class

4.9.1.8 5ub-group Class

4.5.2 Common Reference Semantics - SYCL2020
4.5.4 is_property_xxx - SYCL2020

4.6.5 (partly) Queue Class Constructor - SYCL2020
4,11.8 Querying if kernel bundle exists - SYCL2020

Significant SYCL adoption in Embedded, Desktop and HPC Markets | [4:3Expressing Parallelism - SYCL2020 (not group, sub-group)
B.1./B.2. Full/Reduced feature set
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SYCL 2020 Adopters Program

Becoming an Adopter of a Khronos standard gives you access to the Khronos Conformance Testing Process:

Download the source of the Khronos conformance tests to port and run on your implementation.

Access the Adopters Mailing list; a priority channel for two-way interaction with Khronos Members who can offer assistance on running tests.
Upload generated test results for Working Group review and approval to become officially conformant.

Submit an unlimited number of products for that version of the standard (and earlier versions as indicated in the pricing table below).

O

Develop Products

Access to the public Khronos Specifications, documentation and support files v W
Develop license-free, royalty-free products using Khronos Technologies v v
Conformance Testing

Access to Adopter mailing list v x

Formal Review Process v x

NOS

KHR

This work is licensed unde

Submit products to the conformance process

(Must sign Adopter agreement and pay Adopter fee)

Conformant Product can use APl Trademark

(Must pass conformance tests)
Marketing

Opportunity to mention products and be quoted in Khronos press releases, articles, and

newsletters

Company logo and description on Khronos web site

wronos® Group Inc. 2023 - Page 5



SYCL Projects cumulative growth

Projects - SYCL.tech

2021 2022
Frameworks Libraries Scientific
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https://www.sycl.tech/projects/

SYCL user and developer Phenomenal Growth

[J Align timeline

Star history Star History

= intel/llvm - @ E"uhndfmpsw’tl.
600 [ 5 flohad/mipsyCL go0 || < ntel/tun
triSYCL/triSYCL + trisYCL/trisYCL
celerity/celerity—runtime 2 ProGTX/sycl-gtx
500 || = ProGTX/sycl-gtx w L celerity/celerity=-runtime
o triSYCL/sycl @ & trisYCl/eycd
® pkeir/motorsycl & 1! InteonCo/Polygeist
400 InteonCo/Polygeist 600 @ pkeir/motorsycl
Y ™ » ~ OpensYCL/OpensYCL
5 _E ®  Huawei-PTLab/SYCLops
b w a - tadeaustria/SYCLBenchmarks
2 E-3
2300 3
F E
. 400
© I
200
100 200
2016 2017 2018 2019 2020 2021 2022 2006 2018 rZOZO 7022
Date .
23: star—history.com Date %4 star—history.com

SYCLCon 2022 SYCLCon 2023

A few open-source SYCL implementations/prototypes on GitHub
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500x growth over 8 years

stackoverflow questions annually on SYCL+oneapi

stackoverflow

800

600

500X growth

400
over 8 years

200

0
© A ® o o N 0, o
N K N S R a & &
P 0% P 0% P 0% >
o o] A & of o N %
» d\ o N QN % g NG
v Vv Vv Vv Vv Vv v Vv
SYCL+oneapi
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SYCL is mainstream

GyeL.

Open Standards and Open Source implementations,
community driven

Open cross-company collaboration
Co-design for all forms of extreme heterogeneity

Open Source without a community Is useless

Companies can play in the Khronos ecosystem w/o revealing IP

Focus on ease of portability support, capable of many
backends, and demonstrated to support many platforms

This work is licensed under a Creative Commons Attribution 4.0 International License © The Khronos® Group Inc. 2023 - Page 9
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SYCL 2020 V7 highlights (Editor’s corner)

Ronan Keryell, AMD

Usual 6-month maintenance release,
many clarifications, no new feature.

- clarify buffer creation with nullptr;

- align more "concurrent” wording with I1SO C++;

- precise that work-items provide weakly parallel forward progress
guarantee;

- import forward progress definition from ISO C++ and clarify various
aspects on atomicity and synchronization;

- C++17 replaced by just the C++ core language;

- fix description of max_work_item_sizes and clarify relationship to
kernel dimensionality;

- clarify "group” meaning in algorithm descriptions;

- improve readability of group barrier description;

- mention kernel_handler in kernel function definition;

- relax requirement on backend traits being available;

- clarify the "reducer” member types and constants;

- clarify native_specialization_constant when empty;

- allow "empty" shared_ptr for buffer construction;

This work is licensed under a Creative Commons Attribution 4.0 International License

- add static constexpr “dimensions® member to all range/id-like types;
- clarify blocking behavior of ~queue::submit;
- clarifications to device copyable;
- clarify USM allocation of zero size coherent with std::malloc;
- clarify sycl::atomic_ref;
- clarify queue profiling behavior when unsupported;
- clarify the wording for the use of property::queue::in_order;
- reword guarantee about host-to-device fence synchronization;
- add single source single compiler pass (SSCP) to the glossary;
- add half to sycl::plus and sycl::multiplies and fix trait use;
- clarify any_device_has / all_devices_have;
- clarify that objects in global, local, or private address space can
also be accessed via the generic address space;
- disallow ++ and -- for sycl::vec<bool>;
- no assignment for read-only accessors;
- clarifications to sub-group;
- clarify is_group and bool_constant alias relations;

- clarify out-of-bounds behavior for group_broadcast

Plus many various changes...




SYCL Work in Progress @L’"

Open Standard for Single Source C++ Parallel Heterogeneous
Programming

Processor-In-Memory extensions (sycL-Extension-Document/proposed at master - SAITPublic/SYCL-Extension-Document
(github.com))
Integrate mdspan (OpensyCl/extensions.md at feature/pointer-future - OpenSYCL/OpenSYCL (github.com) )
Generalized dimensions (triSYCL/qeneraIized dimension.cpp at master - triSYCL/triSYCL (qithub.com))
oneAPI numba-dppy(Heteroqeneous Programming Using Data Parallel Extension for Numba*... (intel.com))
User-driven kernel fUSion([SYCLHDOC] Add kernel fusion extension proposal by victor-eds - Pull Request #7098 - intel/llvm

(github.com))
Enm Clarlfy address spacing ru leS(Improved address space inference for SYCL programs - YouTube)
o: SYCL design phllOSOphy (SYCL Design Philosophy v0.1 by ProGTX - Pull Request #136 - codeplaysoftware/standards-proposals
o 1github.com))
o .
Z USM-buffer 'InterOp(COmputeCpp Extensions - Guides - ComputeCpp™ Community Edition - Products - Codeplay Developer

https://github.com/OpenSYCL/OpenSYCL/blob/develop/doc/buffer-usm-interop.md
https://github.com/KhronosGroup/SYCL-Docs/issues/391 ))
Host task interop(ISYCL][DOC] Improved host task synchronization extension by npmiller - Pull Request #7076 - intel/llvm (github.com),

https://github.com/OpenSYCL/OpenSYCL/bIob/develop/doc/enqueue-custom-operation.md)
Memory model, forward Progress, and Context

KHRO
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https://github.com/SAITPublic/SYCL-Extension-Document/tree/master/proposed
https://github.com/SAITPublic/SYCL-Extension-Document/tree/master/proposed
https://github.com/OpenSYCL/OpenSYCL/blob/feature/pointer-future/doc/extensions.md#hipsycl_ext_pointer_future
https://github.com/triSYCL/triSYCL/blob/master/tests/parallel_for/generalized_dimension.cpp
https://www.intel.com/content/www/us/en/developer/tools/oneapi/training/heterogeneous-numba-data-parallel-python-ai-hpc.html#gs.ujdasi
https://github.com/intel/llvm/pull/7098
https://github.com/intel/llvm/pull/7098
https://www.youtube.com/watch?v=sMBWP6IKnjE
https://github.com/codeplaysoftware/standards-proposals/pull/136/files
https://github.com/codeplaysoftware/standards-proposals/pull/136/files
https://developer.codeplay.com/products/computecpp/ce/2.11.0/guides/computecpp-extensions#usm-buffer-interop
https://github.com/OpenSYCL/OpenSYCL/blob/develop/doc/buffer-usm-interop.md
https://github.com/KhronosGroup/SYCL-Docs/issues/391
https://github.com/intel/llvm/pull/7076
https://github.com/OpenSYCL/OpenSYCL/blob/develop/doc/enqueue-custom-operation.md

Ecosystem: A few SYCL Projects
ch ere

st header
Named require:
Feature test m:
Lar "
i
i

Khronos Group
Request for Proposals

Concurrency library extensions . — Transactional Memory
Reflection

wn:
O° SYCL 2020 CTS Khronos Group

. Request for Proposals
2 June 2022

SYCL 2020 Reference Guide

https://github.com/KhronosGroup/SYCL-CTS

KHR
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SYCL on Compiler Explorer (CPU execution

(&) oG] godbolt.org, Xnnr4 A [ D

U 3 vcpkg t C & C++ libi
{ :E)c()m.gllligg Add..> More™ Templates se conan or vepkg to manage your ibrary - MR  shore- Folices @~ Other

dependencies
C++ source #1 X Executor x86-64 icx 2022.1.0 (C++, Editor #1) & X

A B +~ v & » € C++ A~ DOWraplines B Libraries %X Compilation >_ Arguments #3Stdin @ Compiler outpi

lude <iostream x86-64 icx 2022.1.0 -fsycl
CL/sycl.hpp>
Program returned: ©
vector_addition; Program stdout
Running on Intel(R) Xeon(R) Platinum 8375C CPU @ 2.90GHz
t main(int, char**) { A{1,2, 34}
cl::sycl::float4 a = { 1.0, 2.9, 3.9, 4.0 }; +8B{4,3,2,1}
cl::sycl::float4 b = { 4.0, 3.0, 2.0, 1.8 };
cl::sycl::float4 c { e.e, 0.0, 0.0, 0.0 };

cl::sycl::default_selector device_selector;

cl::sycl::queue queue(device_selector);

std: :cout << "Running on "
<< queue.get_device().get_info<cl::sycl::info::device::na
CCIENDES

cl::sycl::buffer<cl::sycl::float4, 1> a_sycl(&a, cl::sycl::range
cl::sycl::buffer<cl::sycl::float4, 1> b_sycl(&b, cl::sycl::range

cl::sycl::buffer<cl::sycl::float4, 1> c_sycl(&c, cl::sycl::range O g/Z/ZeXn n r4ne

queue.submit([&] (cl::sycl::handler& cgh) {
auto a_acc = a_sycl.get_access<cl::sycl::access::mode::read>(

] b_acc = b_sycl.get_access<cl::sycl::access::mode::read>( orer IS more fun
auto c_acc = c_sycl.get_access<cl::sycl::access::mode: :discar

cgh.single_task<class vector_addition>([=] () { IS Gearlng,
c_acc[@] = a_acc[@] + b_acc[e];

s

=< aux()ie N, V< 2.y () ik 2, T a2,z ()i«
DX (YNGR By () << % < bz () <<

£ 5 <clex() <<iv; T <Gioly () <<t c-z()NcE s
std::endl;

9; 0s® Group Inc. 2021 - Page 14


https://godbolt.org/z/zexnnr4ne

C (6] godboltorg S »

{ Ec)?m_gllkgg Add..~ More~ Templates Discuss C++ on the ¢ ang Slack _:=‘ Backtrace - Share ¥ Policies (&) ¥ Other ~

C++ source #1 X x86-64 icx 2022.1.0 (C++, Editor #1, Compiler #1) # X Device Viewer x86-64 icx 2022.1.0 (Editor #1, Compiler #1) & X

A~ B +- v S 2 € C++ x86-64 icx 2022.1.0 -fsycl -g0 ~ A~ sycl-spir64-unknown-unknown
+- /- 1

A~ &~ Y- A&

1

vector_addition;

main(int )

cl::sycl::floatd a = { 1.0
::sycl::floatd b = { 4.0
::sycl::floatd c = { 0.0

.0, 3.0, 4.0 };
.0, 2.0, 1.0 };
.0, 0.0, 0.0 };

::sycl::default_selector device_selector;

::sycl::queue queue(device_selector);
std::cout << g on
<< queue.get_device().get_info<cl::sycl
<< 2
cl::sycl::bufferccl:: float4, 1> a_sycl(&
€1::sycl::buffer<cl:: floats, 1> b_sycl(&
cl::sycl::buffer<cl::sycl::float4, 1> c_sycl(&

4607182418800017408

[ - 7e4],

ptr [ - 4e],
4611686018427387904

[ - 7112],

[ - 48],
cgh.single_task< vector_addition>([=] ao13937R182410/3152
c_acc[o] = a_acc[e] + b_acc[el; quord ptr [rbp - 720],
s qword ptr [ - 56],

, 4616189618054758400
[ - 728],
ptr [ - 64],

queue.submit([&] (cl::sycl::handler& cgh) {
a_acc = a_sycl.get_access<cl::sycl::ac
b_acc = b_sycl.get_access<cl yecl::ac
c_acc = c_sycl.get_access<cl::sycl::ac

s

:icout << << a.x() << << a.y() <
<< "+ B { " << b.x() << ", " << b.y() <«
<< n
<< C << c.x() << ", << c.y() <«
<< std::endl;

G B outout (/0) bnos® Group Inc. 2021 - Page
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RISC-V

Technical Organization

Board of Directors (BoD)

Technical Steering Committee (TSC)

Architecture Profiles

SW Platforms

RISC-\V"
4

https://riscv.org/

Security HC

Technology HC

Horizontal

SOC Infrastructure HC

ISA Infrastructure HC

Alan Chia - Lego Color Bricks CC BY-SA 2.0

This work is licensed under a Creative Commons Attribution 4.0 International License

Privileged Spec IC

Unprivileged Spec IC

RISC-V CTO
& Staff

|

|

|
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SYCLOPS: SYCL RISC-V Datacenter Horizon Projects

https://www.syclops.org/

& SYCLOPS

Advancing Al/data mining for extremely large and diverse
data for Europe and beyond, by democratizing its
acceleration through open standards and a healthy,
competitive, and innovating ecosystem.

gﬁ)

EURECOM

This work is licensed under a Creative Commons Attribution 4.0 International Lic
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AERO: SYCL RISC-V Cloud Computing Horizon Project

5¥) UNIVERSITE ! .

*’ DE GENEVE

This wq

£:2 UBITECH SIPE/RL /',DVI/\E/SEST/DN

The Future of Cloud

AERO has the single mission of enabling the future

heterogeneous EU cloud infrastructure.

P
N/ Viual Open Systems

UNIVERSITA DI P1sA

Get Started ¥

AleN(fH)I':I.El{

N C codeplay’
sednai



Parallel Industry Initiatives

GyeL.

GyeL.

GyeL.

GyeL.

SYCL 1.2 SYCL 1.2.1 SYCL 2020 SYCL 202X
C++11 Single source C++11 Single source C++17 Single source C++20 Single source
programming programming programming programming
Many backend options Many backend options
(SEE “E_ff “E,ff
oy £ ra £ ra £ a e e
= OpenCL OpenCL OpenCL OpenCL OpenCL
o
ox OpenCL 1.2 OpenCL 2.1 OpenCL 2.2 OpenCL 3.0
Zo OpenCL C Kernel SPIR-V in Core
2011 2015 2017 2020 202X

KHRO
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SYCL Implementations in Development (2023/04/18)

SYCL, OpenCL and SPIR-V, as open industry
standards, enable flexible integration and
deployment of multiple acceleration technologies

GreL.

Source Code

SYCL enables Khronos to influence
ISO C++ to (eventually) support
heterogeneous compute

C ComputeCpp’

ComputeCpp
Multiple
Backends

Uses LLVM/Clang
Part of oneAPI

Yoo,
mhs"l‘e/

~
S\
-~ - . ((D!
OpencL NVIDIA.
NVIDIA GPUs
-~ -
RO OpenCL
LT SPIR.
P AMD GPUs Intel CPUs
OpenCL Intel GPUs
Intel FPGAs
@R" Intel GPUs AMD GPUs
Intel CPUs (depends on dn'ver'stack)
Intel GPUs Arm Mali
Intel FPGAs IMG PowerVR

Renesas R-Car

This work is licensed under a Creative Commons Attribution 4.0 International License

UNIVERSITAT
HEIDELBERG

(hipsyeL

hipSYCL
Multiple Backends

OpenMP

Any CPU

Level Zero

RO
Cm|

AMD GPUs

Intel GPUs
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SYCL Experimental Development (2023/04/18)

SYCL, OpenCL and SPIR-V, as open industry SYCL enables Khronos to influence
standards, enable flexible integration and SYCL. ISO C++ to (eventually) support
deployment of multiple acceleration technologies Source Code heterogeneous compute

/\

AMDID1

o SAMSUNG

triSYCL UL neoSYCL
Open source MotorSYCL Poligeist SX-AURORA Samsung

test bed SYCL TSUBASA PIMS

Huawei Celerity
Bisheng C++ SYCL

%
[
Any CPl/
73
Vulkan / f
l <

-

*,o)
o
=]
D
=
‘5
b-]

-
DPC++ fork
DPC++ fork

-

DPC++ fork

-
\
mper\me“‘a

\ PIM SDK
. TBB
Ascend Al Chipsets e, \ Intel CPUs  Samsung PIM-HBM2
pen Any CPU ¥ NEC VEs PIM emulator
XILINX FPGAs XILINX Versal

POCL ACAP LLVM IR Multiple Backends in D [ t

(open-source OpenCL FPGA LLVM IR utltiple backends in Developmen

supporting CPUs and HLS SYCL on even more low-level frameworks.

NVIDIA GPUs and more)

For more information: http://sycl.tech

This work is licensed under a Creative Commons Attribution 4.0 In%e;national License
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Building Performance-Portable Software

Starting from scratch
SYCL is the best place to start: open, future-proof, no lock-in, easy to learn

Starting from C++
Easy to add SYCL to existing C++ software

Starting from CUDA
Easy to port from CUDA to SYCL: keep performance on GPUs

Starting from another language
SPIR-V standard enables not just SYCL, but also new languages

This work is licensed under a Creative Commons Attribution 4.0 International License © The Khronos® Group Inc. 2021 - Page 22
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SYCL News, Ecosystem, Research 2023/04/18

SYCL™ Performance for Nvidia® and AMD GPUs
Matches Native System Language

06 April 2023 E

Benchmarks executing workloads using DPC++, oneAP!'s implementation of SYCL achieves '

close to native performance on Nvidia and AMOD GPUs, when companing to the same
benchmarks run with CUDA®* and HIP4, respectively.

Bringing Nvidia® and AMD support to oneAPI

16 December 2022

Developers can write SYCL™ code and use oneAPI to target Nvidia* and AMD* GPUs with
free binary plugins

TonyM

&

oné?\PI for NVIDIA® GPUs
STREAM. Argonne & §

L HPC gNATlONAL LABORATORY E Xl LI NX

oz INEWLQuALcOMM arm

L -% University of AMDZ1

Jul22,2022 . Eminread - @ Listen

Intel Arc GPUs and OneAPI —

SYCL %=

Working Group Members
! E. B]K]:S’—‘[‘()L’eatlve Commons Attribution 4g0 InternatlEnal License

GROMACS 2023 Released With Better SYCL For Intel / AMD /
NVIDIA

Feb 23, 2023

GROMACS as the widely-used molecular dynamics software issued its stable v2023 release this week
FAST. FLEXIBLE. FREE. with improved GPU support via SYCL. Most significant to the GROMACS 2023 feature release is

/ improving its SYCL implementation that provides production-rated support not only for Intel Arc
Graphics but also AMD Radeon graphics with ROCm + hipSYCL. There is also non-production-rated
NVIDIA SYCL support as an aliernallve to GROMACS' CUDA support.

STFC to Accelerate Exascale Software in Computational Fluid
Dynamics and Code Coupling using SYCL

Jan 5, 2023

Accelerating Made Simpler With Celerity )

Do They SYCL?

Running oneAPI C++ with SYCL code on Intel Arc and Iris Xe GPUs

e 2
m HUAWEI
\|nteL

( codep l;iy )

© The Khronos® Group Inc. 2023 - Page 24
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Special Interest Groups (SIGs)

Special Interest Groups influence the specifications and
Implementations

N OneDPLE SO C++ oneDNN oneMKL Level Zero
Open Specification oneDAL
Working Groups SYCL (Khronos)
Open Source oneDPL oneDNN oneMKL Compute Runtime
Implementations DPC++ oneDAL

A general programming model Deep Neural Network operations Math operations Hardware abstraction layer




Contribute to the oneAPl Community Forum

* Join and lead SIGs and V\/orking Drive the future of programming
Groups for heterogeneous architectures

* | ead technical discussions
https://oneapi.io/community

e Submit proposals for features and

changes oneapi@codeplay.com

« \Vote on proposals


https://oneapi.io/community
mailto:oneapi@codeplay.com

SYCL Enables Supercomputers

- "i - National Energy Research
E2 Scientific Computing Center

“this work supports the productivity of o
scientific application developers and users Argon ne I
through performance portability of NATIONAL LASORATORY
applications between Aurora and
Perlmutter.”

At zonne & | Enables a broad range
 ENERGY of software frameworks

rreereer "I|

@D 00—~ I and applications
BERKELEY LAB
: Lkokkos
$8 et I o
g ¥ e ] SN C Celerity
(“v I almaka % BabelStream
“mo Us T
w= NV \DIA GP
(o]
o== Codeplay works in partnership ' e I cromacs B
Z° with US National Laboratories QiR I o e e )
to enable SYCL on exascale = |FWELET

e e ———

supercomputers

KHRO
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More workloads need to be SYCL-ready

We have made great inroads with GROMACS, LAMMPS, NWChem workloads.

But we need more!
QMCPACK is a many-body ab initio

The Hardware Accelerated Cosmology quantum Monte Carlo code for computing
Code (HACC) framework uses N-body the electronic structure of atoms,
techniques to simulate the formation of molecules, and solids. It is written primarily
structure in collisionless fluids under the in C++, and its use O,ftemplate

influence of gravity in an expanding metaprogramming is known to stress

) . compilers. When run in production, the
universe. It depends on external FFT library o i memory bandwidth sensitive, while

VPIC (Vector Particle-In-Cell) is a general
purpose particle-in-cell simulation code f
modeling kinetic plasmas. It employs a
second-order, explicit, leapfrog algorithrr
to update charged particle positions and
velocities in order to solve the relativistic
kinetic equation for each species in the

and is typically compute limited achieving still needing thread efficiency to realize plasma, along with a full Maxwell

13.92 Petaflops, 69.2% of machine peak on  good performance.

description for the electric and magnetic

Sequoia. fields evolved via a second- order finite-
difference-time-domain (FDTD) solve.

Laghos solves the time-dependent Euler
equation of compressible gas dynamics in
a moving Lagrangian frame using
unstructured high-order finite element

) . oL spatial discretization and explicit high-
Kripke is a structured deterministic (SN)  orger time-stepping. it is built on top of a

transport using RAJA. It contains wavefron general discretization library (MFEM) and
) supports two modes: *full assembly*,
algo I'Itth, that stress memaory Iatency where performance is limited by the data

and/or bandwi dth, and network |atenc3'p. Durham: SWIFT, Gadget(v3 and 4), arepo, bam, gizmo, ramses

| Others: Grid, sphNG, BAM, Hydra, ATON, Phantom, Fargo3d,Pluto, cosmos++,
' borg-wl, prompi, GRChombo, swift, gadget, gizmo, ramses, trove, milc, hirep,

(. _ __ _
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CASINO(*)
CASTEP
CESM2(*)
Chemshell

Code_Saturne

« CP2K

CRYSTAL(*)
FHI-aims

GROMACS

« LAMMPS

MITgem

+ Met Office Unified Mode

NAMD
Nektar++
NEMO
NWChem
ONETEP
OpenFOAM
ORCA(*)

Quantum Espresso

« VASP



SYCL as a universal programming model
for HPC

Starting with US National Labs
Across Europe, Asia are many Petascale and pre-exascale systems
e With many variety of CPUs GPUs FPGAs, custom devices

« Often with interconnected usage agreements
e Europe EPI: hipSYCL in Leonardo, Lumi and Karolina
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g oneDPL

The oneAPI DPC++

SYCL Machine Learning AN s

annotated in IR

CPU

Compiler

CPU

KHRCONOS

Compiler

Architecture

{ Device
Compiler

Different memory
(TCM, DRAM etc)

RISC-V/RVV Kernel compilation flow FC

SYCL Kernel

v

documentation

Scalar LLVM IR

‘ SPIR/SPIR-V

Vectar LLVM IR - LLVM back-end ‘:"

Scoa / Vector

Codeplay Vectorizer (‘vecz')

¢

Our Contribution: CCE SYCL Plugin

Requires SYCL Runtime &
Toolchain to be updated.
: Our contribution
H
H
H
H
H
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Khronos Safety Critical Standards Evolution

CoeGLES =

OpenGL ES 1.0 - 2003
Fixed function graphics

N

penGLIED" >

OpenGL SC 1.0 - 2005
Fixed function graphics
safety-critical subset

CoeGLES =

OpenGL ES 2.0 - 2007
Programmable Shaders

N
Gl

OpenGL SC 2.0 - 2016
Programmable Shaders
Safety-critical subset

OpenVX.

OpenVX SC Extension - 2017
Graph-based vision and
inferencing

N

Khronos has 20 years experience in
standards for safety-critical markets
Leveraging proven mainstream standards

with shipping implementations and
developer tooling and familiarity

NOS

A choice of abstraction levels to suit

Wuaikan.

Vulkan 1.2 - 2020
Explicit Graphics and Compute

& and Display
Q/ikan|§

Vulkan SC 1.0 - 2022
Explicit Graphics, Compute and
Display safety-critical subset

Gre.

SYCL 2020
C++-based heterogeneous
parallel programming

mput
ramewor fo, sp € Programmyip,

afety-critical Systems

different markets and developer needs

KHR
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OpenvX.

OpenVX 1.3 - 2019
SC Extension integrated into
core OpenVX specification

Y GroLw
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Khronos AUTOSAR Liaison: SYCL Demonstrator

Motivation

Currently there is no native AUTOSAR
functionality to utilize hardware accelerators
for high performance computation.

Only way is to integrate 3rd party libraries
which can affect safety.

At the same time there is a
challenge for AUTOSAR Adaptive
Platform to cover cutting-edge
functionality like:

» AD/ADAS systems

» Performing heavy algorithms

« Al

* etc.

Thank you to AUTOSAR and Intellias Au T SA R

The main goal of this concept is to enable
parallel heterogeneous programming, using
standardized C++ based API, for solving
issue of high performance computing.

Intelligent Software Engineering Important part of the concept

is to consider 1SO-26262 Standard ISO 26262
S

without sacrificing of performance.

This work is licensed under a Creative Commons Attribution 4.0 International License © The Khronos® Group Inc. 2023 - Page 32



NOS

KHROS

Final words

Programming Models Must Persist but also be high quality and portable with
conformance tests

SYCL 2020 Launched February 2021
SYCL user and developer Phenomenal Growth
Easy to build SYCL on any device
SYCL is mainstream
Market needs SYCL to Evolve with more workloads
SYCL thriving community is our most important asset

Future SYCL: Emerging transformative technologies

SYCL can be a part of a standard programming model for all HPC, Embedded
Al/ML, and Automotive

SYCL is an open standard with multiple company contributions, lots of
European/Asia projects



Enabling Industry Engagement (2023/04/18)

SYCL working group values industry feedback
- https://community.khronos.org/c/sycl

- https://sycl.tech
« SYCL Academy Open to all!
. https://community.khronos.org/www.khr.io/slack
- https://github.com/codeplaysoftware/syclacademy https: //app.slack.com/client/TDMDFS87M/CE9UX4CHG
https://community.khronos.org/c/sycl/
. SYCL FAQ https://stackoverflow.com/questions/tagged/sycl
https://www.reddit.com/r/sycl
- https://www.khronos.org/blog/sycl-2020-what-do-you-need-to-know https:/ /github.com/codeplaysoftware/syclacademy

o SYCL CTS

- https://github.com/KhronosGroup/SYCL-CTS

Public contributions to Specification,

Conformance Tests and software
https://github.com/KhronosGroup/SYCL-CTS
https://github.com/KhronosGroup/SYCL-Docs
https://github.com/KhronosGroup/SYCL-Shared
https://github.com/KhronosGroup/SYCL-Registry
https://github.com/KhronosGroup/SyclParallelSTL
https://github.com/intel/llvm

Khronos SYCL Forums, Slack Channels,
Stackoverflow, reddit, and SYCL.tech

Khronos GitHub
Contribute to SYCL open source
specs, CTS, tools and ecosystem

SYCL
Advisory
Panels

Invited Experts
https: //www.khronos.org/advisors/

SYCL
Working
Group

Khronos members
https://www.khronos.org/members/
https: //www.khronos.org/registry/SYCL/
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