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Acceleration Technologies

Integrated Accelerators Attached Accelerators

AVX/AVX2/AVX-512
DLBoost
Graphics/GPU

O connect (PCle)

Data Streaming Accel. Coherent (CXL)
Cryptography
Memory / 10 On Package Interconnect
(and more)

We are experiencing a “boom” in accelerated computing technology

In the host. In the interconnect. In the node. In the Rack. In the DataCenter.
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Programming Challenges

for Multiple Architectures

Growth in specialized workloads

Variety of data-centric hardware required

Application Workloads Need Diverse Hardware
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Programming Challenges

for Multiple Architectures

Growth in specialized workloads

Variety of data-centric hardware required

Separate programming models and toolchains for each

architecture are required today

oneAPI
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Application Workloads Need Diverse Hardware
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Programming Challenges

for Multiple Architectures

Application Workloads Need Diverse Hardware
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At least 4 accelerated micro architectures

Times Middleware & Frameworks
n vendors
CPU GPU FPGA Other accel.
T| mes programming programming programming programming

model model model models

1 tool chain per implementation

equals...

Other accel.

..Challenges
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oneAPIl Industry
Initiative

The productive, smart path to freedom for accelerated

computing from the economic and technical burdens
oneAPI Of proprietary programming models

Application Workloads Need Diverse Hardware

Middleware & Frameworks

fanls,

A cross-architecture .
oneAPI Industry Specification

F TensorFlow PyTorch @xnet e ﬁ‘:’: NumPy X... ©penVIN®

Visit oneapi.com for more details language based on C++ onenpT
and SYCL standards Direct Programming API-Based Programming
Libraries
Open to promote community and Math | Threading | [
. . Data Parallel C++ e
industry collaboration ML DN ML Comm

Video Processing

Low-Level Hardware Interface

Enables code reuse across architectures
and vendors

Other accel.

Frees developers from challenges of
proprietary programming models
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oneapi.com

Data Parallel C++

Standards-based, Cross-architecture Language

Freedom of Choice: Future-Ready Programming Model

»  Allows code reuse across hardware targets
»  Permits custom tuning for a specific accelerator
» QOpen, cross-industry alternative to proprietary language Direct Programming:

Data Parallel C++

DPC++ = I1SO C++ and Khronos SYCL and community

extensions
» Delivers C++ productivity benefits, using common, familiar C and C++

constructs

= Adds SYCL from the Khronos Group for data parallelism and heterogeneous
programming Khronos SYCL

Modern C++ like language
* Open Industry standard
Multi-Vendor support, growing ecosystem

Community Project Drives Language Enhancements

» Provides extensions to simplify data parallel programming
» Continues evolution through open and cooperative development

The open source and Intel DPC++/C++ compiler supports Intel CPUs, GPUs, and FPGAs.
Codeplay announced a DPC++ compiler that targets Nvidia GPUs.
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https://www.codeplay.com/portal/02-03-20-codeplay-contribution-to-dpcpp-brings-sycl-support-for-nvidia-gpus

Powerful oneAPI Libraries

Realize all the Hardware Value

Designed for acceleration of key domain-specific functions

Freedom of Choice

Pre-optimized for each target platform for maximum

performance

oneAPI
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oneAPI| Math Kernel Library
oneMKL

oneAPI| Video Processing

Library
oneVPL

oneAP| Threading Building

Blocks
oneTBB

oneAPI| DPC++ Library
oneDPL

oneAP| Deep Neural Network

Library
oneDNN

oneAPI Data Analytics Library
oneDAL

oneAPI Collective

Communications Library
oneCCL
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Intel” oneAPI
Product

Built on Intel’s Rich Heritage of CPU
Tools Expanded to XPUs

A complete set of advanced compilers, libraries, and
porting, analysis and debugger tools

= Accelerates compute by exploiting cutting-edge
hardware features

* Interoperable with existing programming models
and code bases (C++, Fortran, Python, OpenMP,
etc.), developers can be confident that existing
applications work seamlessly with oneAPI

» Eases transitions to new systems and
accelerators—using a single code base frees
developers to invest more time on innovation

Visit software.intel.com/oneapi for more details

Application Workloads Need Diverse Hardware

Middleware & Frameworks

F TensorFlow PyTorch {@xnet @ ﬁ:i:NumPy X.. ©penVIN®

.1 Intel® oneAPI Product
oneAPI

Analysis & Debug

o L : :
Compatibility Tool anguages Libraries Tools

Low-Level Hardware Interface

Available Now

Some capabilities may differ per architecture and custom-tuning will still be required. Other accelerators to be supported in the future.
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file:///E:/IHI Creative Dropbox/Jay Jaime/Intel/OneAPI/Gold Deck/Assets/Copy Assets/software.intel.com/oneapi
software.intel.com/oneapi

oneAPI 1.0 Spec
Elements

Intel oneAP| 2021.1

oneAPI

B Math library oneMKL

Al Library oneDNN

Al Comm Library oneCCL

FOUNDATIONAL | Data Analytics Library oneDAL

LIBRARY Media Foundation

Threading Library oneTBB

Crypto / Sig. Proc. Lib Intel Performance Primitives E_ _______________________________________ !
_ Parallel STL oneDPL

T berccioeee G N0 :
Fortran (+OMP) Fortran (+OpenMP) E_ _______________________________________________________________________________ :
LANGUAGE | C/C++ (+OMP) C/C++ (+OpenMP) T  Ruwe T E
_ Python (+Numba) Python (+Numba) E_ _______________________________________________________________________________ E

ek SRE ISR R - 2o [ e ;
ABSTRACTION e tlelteleteleleletle ' ettt
Xeon Xeon GPU FPGA Al

First Customer Ship December 2020 - CPU, GPU, direct programming of FPGA
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Intel” oneAPI Toolkits

A complete set of proven developer tools expanded from CPU to XPU

oneAPI

A core set of high-performance tools
for building C++, Data Parallel C++
applications & oneAPI library-based
applications

Intel® oneAPI 1
Base Toolkit ONEAPT

Native Code Developers BASE TOOLKIT

Intel® oneAPI

Add-on

Intel® oneAPI Intel® oneAPI Rendering
. o Tools for HPC Tools for loT Toolkit
Domain-specific 1 1 1
oneAPI Deliver fast Fortran, oneAPI Build efficient, reliable oneAPI Create performant,

TOO I kits OpenMP & MPI solutions that run at high-fidelity visualization
HPC TOOLKIT applications that 1oT TOOLKIT network’s edge RRRRRRRRRR ooLKIT applications

scale

Specialized Workloads

Intel® Al Analytics Intel® Distribution of

Toolkits

Toolkit OpenVINO™ Toolkit
p Owe re d by . Accelerate machine learning & data Deploy high performance
Intel” Al science pipelines with optimized DL ©penVIN® inference & applications from
Analytics : . _
O n e Toolkit frameworks & high-performing Toolkit edge to cloud

Python libraries
Data Scientists & Al Developers

Latest version is 2021.1
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oneAP| Development Example

November 12313, 2020

Z|1B ported EasyWave application from CUDA to ZUSE &

DPC++ delivering performance across multiple INSTITUTE
architectures BERLIN

» Ported EasyWave written in CUDA to Data Parallel C++
efficiently using the Intel® DPC++ Compatibility Tool

» Achieved strong performance across Intel CPU, GPU

and FPGA architectures, and within 5% of CUDA
performance on Nvidia P100

oneAPI| used across XPUs

intel.

STRATIX

10

Visualization of EasyWave tsunami simulation application
Courtesy Zuse Institute Berlin (ZIB)

Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.
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oneAP| Development Example - Workflow

EasyWave Application

Written in CUDA

Compatibility Tool .1
oneAPI

intel. Other
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“...give this (presentation) from the opposite of what

Q. , ¢ Joe said yesterday, because I'm a developer... ©
A T - Erik Lindahl, KTH Royal Institute of Technology

.....

atom:.cAdd(&gm xp[ ,’ -tmp*iny

atonicrda(oan so(ff | capein Open really means open K

& oneapi-src / oneAPI-tab
£ (updateVeloc1t1es && ! D mmyThread

Stockhomhhiv { / <> Code Issues. "l Pull requests *) Actions Projects. Wiki Security Insights
4 .~ £float3 tmp = rc*inydt*lagrang
KTH Royal lnsﬂtufebf echﬁo atomicAdd (sgm'v[i], "'tmp*:mverseM PIESE 31tanch € 0tge TS (e
httsz/twmér corh/e klindaht” atonicadd (sqm_v(); jemp* inversell
ffs—] $ H H - and gslavova -10-28 lang (#21) = 397704d G daysago D) 81 commits
Open source implementation available @ = il
tab-dpcpp-onedpl 2020-10-28 lang (#21) 9 days ago
tab-onemk! Add notes and slides for September 9, 2020 oneMKL TAB meeting.
. DO .gitignore
The oneAPI & SYCL extensions A

laundry is washed in public

oneAPI Technical Advisory Board
We are not replacing one proprietary bt el o g s e e Ak bkl Ak e T it

The Advisory Board is an invitation-only forum comprised of industry experts that help guide the oneAP! parallel

i m plem e ntatio n/A P I With anoth e r- ThiS iS programming ecosystem. More information on aneAP! can be found at oneapi.com.

The general community is invited ta join the conversation by reviewing the cneAP| Specification, as well as the

H tes/slides in th , and thy t t 1 jthub issues. General quest to th
a strong community effort - contact any o s e s e e
O.I: u S If yo u h ave 0 p I n I 0 n S/Id e aS/I n pu t | ::::p::::::aﬂr:ew meeting notes, become a watcher of this repo. If you have a question about TAB, email

Meeting notes:

Video: https://www.oneapi.com/videos/gromacs/

oneAP| Technical Advisory Board Meeting (DPC++ & oneDPL)
oneAP! Technical Advisory Board Meeting (oneMKL)

Productivity. Openness. The realities of getting performance from XPUs

oneAPI © Intel Corporation 2021 |nte|® 14


https://www.oneapi.com/videos/gromacs/

Intel” oneAPI| Toolkits

oneAPI Toolkits — free download

Run the tools locally Run the tools in the
Cloud

Get Started Quickly

Code Samples, Quick-start Guides, Webinars, Training Downloads

software.intel.com/oneapi

intel.

Iﬂ Repositories Devclo u d
@ Containers

Try in the DevCloud []

Easy to register, access is free for 120 days with possibility of an extension

https://intelsoftwaresites.secure.force.com/devcloud/oneapi

Intel® Xeon® Scalable processors

Intel® Xeon® Scalable processors with Intel Graphics Technology
Intel® Iris® X¢ MAX GPU

Intel® Arria® 10 FPGAs

Intel® Stratix® 10 FPGAs

oneAPI © Intel Corporation 2021 |nte|® =


software.intel.com/oneapi
https://intelsoftwaresites.secure.force.com/devcloud/oneapi

Call to action

Join us —we're at the beginning of a great journey

* Let's work together to establish open XPU computing E_‘,
* Give feedback: www.oneapi.com oneAP

* TryoutlIntel's implementation:
- Download (it's free!)
https://software.intel.com/content/www/us/en/develop/tools/oneapi.ntml

- Ortryin the Intel DevCloud (it's easy) oneAPI

https://intelsoftwaresites.secure.force.com/devcloud/oneapi

oneAPI © Intel Corporation 2021 |nte|® 16
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https://intelsoftwaresites.secure.force.com/devcloud/oneapi

oneAPI| Ecosystem — add your contribution!
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These organizations support the oneAPI initiative ‘concept’ for a single, unified programming model for cross-architecture development. It does not indicate

any agreement to purchase or use of Intel's products.
*Other names and brands may be claimed as the property of others.
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Disclaimers

Performance varies by use, configuration and other factors. Learn more at www.Intel.com/Performancelndex.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available updates. See
backup for configuration details. No product or component can be absolutely secure.

Your costs and results may vary.

All product plans and roadmaps are subject to change without notice.

Intel technologies may require enabled hardware, software or service activation.

Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.
Intel technologies may require enabled hardware, software or service activation.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other names and
brands may be claimed as the property of others.
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http://www.intel.com/PerformanceIndex

Useful Links:

= oneAPI| specification:

e https://www.oneapi.com/documentation/

= Intel’s Jeff Hammond on SYCL

e https://www.youtube.com/watch?v=nwDxODr8mI8

* Ecosystem developer talks at oneAPI developer summit 2020

* https://www.oneapi.com/events/devcon2020/

» Dataparallel C++ book (free digital version)
* https://link.springer.com/content/pdf/10.1007%2F978-1-4842-5574-2.pdf

oneAPI © Intel Corporation 2021 "'\tel® 20


https://www.oneapi.com/documentation/
https://www.youtube.com/watch?v=nwDxODr8mI8
https://www.oneapi.com/events/devcon2020/
https://link.springer.com/content/pdf/10.1007%2F978-1-4842-5574-2.pdf

Standardizing Library Interfaces

intel PRODUCTS ~ SUPPORT  SOLUTIONS  DEVELOPERS  PARTNERS

TECH TOPICS Vv FREE DEV TOOLS DEVELOPER ZONE >
| = = =

DECODED L * \ w

Application

v R _ oneMKL Open Source Interfaces
= A Vendor-Neutral Path to Math Acceleration
Bringing Standardized APIs Across Multiple Math Domains Using oneAPI Math
Kernel Library
Intel Intel NVIDIA Other 3rd
oneMKL oneMKL cuBLAS party libs
https://techdecoded.intel.io/resources/a-vendor- o6 cPU ePU NVIDIA Other
. t
neutral-path-to-math-acceleration/#gs.qqv92p " e GPU HW

Mehdi Goli, Principal Software Engineer, Codeplay Software, and Maria Kraynyuk, Software Engineer, Intel Corporatior

@IntelDevTools | ¥ Y % % % Rate this

oneAPI
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