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ǐIntel@ oneAPI Overview

ǐIntelÈ oneAPI BASE Toolkit

ǐIntelÈ oneAPI HPC Toolkit

ǐIntelÈoneAPI 2023 Ựᴛ⇔ ͙ѫ

ǐHands-on



ῳ ʹ ʷἳ ᴘ͋כḏ╖ ⌐ ᾂᵞ ḟᾌ
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ǐ ἐ╥ ἐ

ǐ⁴ױ ῷ ₮ ḿҗᵑ ∟תּ Ѥ Ϯ╥ ᴛ͎מḒ ᶛҨ

ǐ ᴛᾅ ῷ ӥ ◓Ợ↔╖ᴛ ḿҗ ꜙἶἛ⁄Ἄ ▫┬ᴛ∑

ǐ ӥ≢‡ ʺ ͏ҍ

ǐCPU, GPU, FPGA ḓ ͙ ʺἶ͙ᴛ ְ‡ϱ Ἓѫ Ⱡ̑

ǐ ᾐ ӥ≢‡╥ Ѿ ͙ѫ ↔ ʺѫ

ǐ‰́ ╥ר ἵ ≢‡ ˌḛ ḓ Ḥ

ǐC, C++ with SYCL, Python, OpenMP, Fortran, MPI Ӯ ͙Ⱶ …
‡ ḓ ᴛ͎מḒ ᶛҨ̓

ǐҵᶉ╬ Ṋ ͙ѫ╙ ʺἶ Ѥ ˆᴏ ᵙױẄ╪ג Ⱡ̑



HmsdkÇ oneAPI Toolkit
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oneAPI╢ ỵ ˾
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End Users

Vendors

Universities

Institutes

ML/AI Frameworks

OEM



HmsdkÇ oneAPI BASEToolkit: ῳ ʹ ˉḘ ʹἲ

ǐҥ╪ Ṏᴑ C++ ▀ג ,ױ╪Ẅױᵙ ḓ ṪἍ ҵ̯

ǐIntelÈ DPC++ Ἓ ҵ̯

ǐᾅᴆӹ, ὡ , ҥ╪ ṪἍ, Ӷױѹ, ẋӰ₡/╪Ḉּת/ᾐ
ᵙ⁄ ♠ ӈ Ἓѫ ᵙױẄ╪ג

ǐIntelÈ VTuneÊ ᴛ ᴛױ▀ Ṏᶜ ̯ʼ╙ ṪἍ ⁴
ӥ Ἓѫ ♠

ǐIntelÈ AI ҵ̯╖ᴛ ⅝ל DL ḓ ML ᴆ▐√ ∟תּ

ǐ ♠ ӈ scikit-learn, NumPy, SciPy ג╪Ẅױᵙʺ
ӈ Python Ḥ
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Data Parallel C++: ˉḟ♅╩ ᴘᾂ ῳ ᴘ͋כḏ ἶᴱἧ

ǐDPC++ = [C++] + [SYCL] + [ ◑Ἓ]

ǐCPU₮ ʺἶ͙⁄ ҍ ˌḢ♠╬ Ṏᴑ ᴛ͎מḒ Ⱡ̑

ǐ ˲ ӥ≢‡ ʼ⁄ ӥ ◓Ợ↔╪ ʺѫ ᶒ ♬  ἢױᴆ╪ ↔
ѹ╪ ʺѫ

ǐѾ▀ ῷ ♣↔ …‡ᵑ ҍ Ѥ ˌḢ ‰́ ♣ ╥ ҍ ὡѾ

ǐKhronos SYCL ר

ǐC++╥ ỸụἛ ◑♩ Ⱡ̑

ǐ╫ὢ C ḓ C++ ̯ⱳᵑ Ợ↔ ⁴ ҥ╪ Ṏᴑ ᵙ₮ ╪͙ꜙ ᴛ͎
╙Ḓמ ∟תּ

ǐ╬ ╥ ὡᾕ Цʼ╥ ῷ ₮ ̆Ἓѫ ױ▀ ˿ ╙ ͙ḙ╖
ᴛ ̯
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NVIDIA GPU Ḑ AMD GPUᵎ ⌐ ש╪ ╩͋ש

ǐIntel DPC++ ▀ױ: oneAPI BASE Toolkit

ǐOpenCL ḥ⁪ӥ: Intel CPU, GPU(Gen9, 11, Xe) ḓ FPGA(Stratix, Aria)⁄ ♠

ǐLevel Zero ḥ⁪ӥ: Intel GPUŋ ─ low level ₡ ᴛӥ API

ǐCodeplay⁄Ἄ IntelÈ oneAPI ╥ױ▀ 2023 ᾐ ḕ╪Ўᵙ ╙╬͎ױ ᶴᴮᴛ ѻ⇔ᴛӥ ʺѫ.

ǐhttps://developer.codeplay.com/products/oneapi

ǐNVIDIA GPU: A100-PCIe-40GB (sm_80) 

ǐAMD GPU (ḽ ): AMD Radeon Pro W6600 (gfx1032)
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https://developer.codeplay.com/products/oneapi


HmsdkÇDPC++ ╪ש: CUDA Ḣ‾Ӣ

ǐNVIDIA GPU╥ Л╪ Ẅ CUDA*⁄ ♠ Ѥ Ἓѫ

ǐ ᾅ ˿: 

ǐIntelÈXeonÈPlatium 8360Y / NVIDIA A100 -PCIe-80GB 

ǐCUDA 11.7
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(ExascaleComputing Project, USA)



HmsdkÇDPC++ ╪ש: HIP Ḣ‾Ӣ
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ǐSYCL 2020 ͙ ѫ╥ 50% ╪Ữ╙ ̯ ѻ.

ǐ ᾅ ˿: 

ǐIntelÈXeonÈGold 6330 / AMD Instinct MI100

ǐRoCm 5.2.1

(ExascaleComputing Project, USA)



╧͖⸗ ᴘ͋כḏ ᶘҥ ∙קּ

ǐicc/ icpc ₮ ifort⁄ἌѤ: 
ǐ GPU↔ OpenMP*4.0/4.5╥ ₡ ᴛӥ ͙ѫ╘ תӇּ∟תּ Ώ╛

ǐ OpenMP*5.0/5.1/5.2 ҵ ∟תּ תӇּ∟תּ Ώ╛

ǐdpcpp / icx/ icpx/ ifxѤ Ựᴛ⇔ LLVM ͙ḙ ᶒ╪ױ▀ IntelÈ oneAPI Toolkit⁄
ǐGPU↔ OpenMP ₡ ᴛӥ ͙ѫ╘ ∟תּ ʺѫ

ǐOpenMP*5.0/5.1/5.2ҵ ∟תּ ʺѫ
ǐhttps://www.intel.com/content/www/us/en/developer/articles/technical/openmp -features-and-extensions-supported -in-icx.html
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CUDA HIP OpenACC OpenMP SYCL/DPC++

Languages C/C++/Fortran C/C++/Fortran C/C++/Fortran C/C++/Fortran C++

Abstraction Low Low High High Medium

Coding - - Directive-based Directive-based C++ lambda

Parallelism SIMT SIMT
Fork-join

SIMD
Fork-join

SIMD
OpenCL

Offload
GPU

(NVIDIA)
GPU

(NVIDIA/AMD)
GPU

(NVIDIA)
CPU/GPU

(NVIDIA/AMD/Intel)
CPU/GPU/FPGA

(NVIDIA/AMD/Intel)

Compiler Proprietary LLVM PGI/CCE/GCC PGI/CCE/GCC/LLVM/XL/Intel LLVM

License Proprietary Open-source Open-source Open-source Open-source

https://www.intel.com/content/www/us/en/developer/articles/technical/openmp-features-and-extensions-supported-in-icx.html


C++   ᵖ ╧ἧ ἘѨ ừ
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ǐ ᾅ ˿: 

ǐIntelÈXeonÈPlatium 8480

ǐSPECḿ ᵡ :  molecular dynamics, biomedical imaging, ray tracing, fluid dynamics etc



CUDA›Ἁ SYCLᴘ╢ ἵὲ↔ ♆

ǐ╪Ḉ CUDA*ᴛ ▬Ἓӈ ӥᵑ DPCPPᴛ ♣ ̆▫ Ѥ ˌḛ▫ᵑ ∟תּ ᶒ, Ợז╪ Ҷ ὡ ▓Ѥ ӥᵑ ỸἛ

ǐ(▀ḙ♠╖ᴛ ӥ╥ 90~95%ᵑ ▫ҿ╖ᴛ ᵡ╪͎ᴆ╪Ἢ ʺѫ)

ǐˌḛ▫ʺ   ᵙ ╪Ἢ ᵡ╪͎ᴆ╪Ἢ╙ ₰ᴮ ὡ▓ҵᴜ ╬ג╬ ᶋ ᵑ Ⱡ̑
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ᾍ ῳ ᵎ ⌐ ̃ἘѨ Ӣ╢ Ἇ˾₫ ♅

ǐỰᴛ⇔ IntelÈ ₡ ᴛӥ ‡ӥḕ╪♇

ǐGPUᴛ ₡ ᴛӥ ♠╥ ӥ ₅⁵╙ ῷ GPU ˺ ̓ᵑ ̆ Ἓѫ Ṏᶜ Ữ╙ Ὸ

ǐGPUᴛ ╪ ӈ ӥ╥ Ṏᶜ Ữ╙ ᾏṊ ⁴ Ἓѫ╪ ᾎᾅ ╥ ҍ˃⁄ ‬ᵡϮ ͐♪ Ѥּת ╬ ʺѫ
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Optimize your 
kernels

Use Offload Advisor to find 
kernels to offload



HmsdkÇ VTuneÉ ᴘ ש╪

ǐSYCL ӥ ṪἍ

ǐʺ◑ ᵤ╘ ᾎʼ╙ ἵẋ Ѥ SYCL ӥ ╬

ǐIntel╥ CPU, GPU, FPGAŋ ─ ѹ

ǐּת∟ӇѤ ӥ≢‡ ʺἶ͙⁄ ♠

ǐ₡ ᴛӥ ♠

ǐOpenMP* ₡ ᴛӥ Ἓѫ ѹ

ǐ̛Ḹ─ Ἓѫ ᴛ ▀

ǐCPU, GPU, FPGA, ᾅᴆӥ, ᶉᶛᵙ, ᾎ

ǐ▀ḙ …‡ ∟תּ

ǐSYCL, C, C++, Fortran, Python, Go, Java, ֞ Ѥ ╪ө╥
ⱳ
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HmsdkÇ „ӢḒ╧♄

ǐ₡ ᴛӥ ᶛҨᵠ

ǐ ἢױᴆ╪ ⁄ ₡ ᴛӥӈ Ἓѫ╙ ♬

ǐᴴ ╬ג ṪἍ

ǐCPU/GPU ӥ╥ ́ụ ḓ ᶉᶛᵙ ♠

ǐḾ ‡ӥḕ╪♇

ǐḾ ₮ ♠

ǐᾅᴆӹ ‡ӥḕ╪♇

ǐᾅᴆӥ Ӈּת Ώ╘   ᵙ ╪Ἢ⁄ ═♠╬ ᾅᴆӥ

ǐ ᴛ↕ מ͎ ṪἍ͙

ǐ ═♠╬ ᵒ͎מ ỸἛ ḓ ṪἍ
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HmsdkÇἘѨ ׇ╧ẁשᵖ

ǐ Ṩ ͙ѫ

ǐᶛӧ Ợ↔ Ợᴗ⁄ ♠ ӈ Ἓѫ ᵙᵑױẄ╪ג Ⱡ̑

ǐᾅᴆӥ, ₡ ᴛӥ, ὡ , ҥ╪ ṪἍ, ҥ╪ ᵙ ᴈҗᵠ

ǐ ӥ≢‡╥ ʺ ᵑ ͏ҍ

ǐHPCҵᶉ╬ Ṋ ͙ѫ╥ ἶҵᵑ и╪ҵᴜ ἒ́

ǐἐ ╥ ▫┬

ǐ ̆ Ἓѫ╙ ─ ʻ פ ⁄ ᵭ˭ ♠
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HmsdkÇ oneMKL : HPC ἘѨ╖ ừᾋ ѡ Ὕ ⁴Ợ ׇ╧ẁשᵖ

ǐCPU₮ GPU ῷ ↔╖ᴛ ♠ ӈ ╬ ╪ᾅʺ ⅝ל ́ụ ͙ѫ⁄ ʺ

ǐBLAS₮ LAPACK H

ǐSparse BLAS H

ǐϱὡ ⱠЎᴆ╪ (RNG)

ǐ ♠ ӈ Ḿ ὡ (VM) ᴴ

ǐ̆ἶ ᵙ⁄ ṉ (FFT)

17



HmsdkÇ oneMKL : SYCL
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HmsdkÇ oneMKL : OpenMP ₓ ᴘӢ
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HmsdkÇ ׇ╧ẁשᵖ

ǐ̆Ἓѫ Ӷױѹ ᴆ▐√ ᵑ ᵣө ὡ ▓ҵᴜ ∟תּ

ǐᶘᴖ Ἕ ₮ Ἓѫ ♠ ╥ ṓ◌Ἓᵑ Ữ

ǐ Intel╥ CPU₮ GPU⁄Ἄ ҿ▀ APIŋ Ⱡ̑

ǐ₡ ἵᾅᵑ ᷾ѱ ͙⁴
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>>> import tensorflow as tf
>>> tf.config.list_physical_devices ()
[ PhysicalDevice (name='/physical_device:CPU:0', device_type ˮʎ#05ƦƾƗ 
PhysicalDevice (name='/physical_device:GPU:0', device_type ˮƥ'05ƦƾƗ
PhysicalDevice (name='/physical_device:XPU:0', device_type ˮƥ805ʎƾǂ

>>> a = tf.random.normal (shape=[5], dtype =tf.float32)  # Runs on CPU
>>> b = tf.nn.relu (a)                                  # Runs on NVIDIA GPU

>>> with tf.device ("/XPU:0"):                          # Device selection 
...   c = tf.nn.relu (a)                                # Runs on Intel XPU



HmsdkÇ oneDDN : API Ẉ̧
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cudnnCreateTensorDescriptor()

cudnnSetTensor4dDescriptor()

cudnnCreateFilterDescriptor ()

cudnnSetFilter4dDescriptor()

cudnnCreateConvolutionDescriptor ()

cudnnSetConvolution2dDescriptor()

cudnnConvolutionForward ()

cudnnGetConvolutionForwardAlgorithm ()

cudnnGetConvolutionForwardWorkspaceSize()

memory::desc()

memory::desc()

convolution_forward ::desc()

convolution_forward ::primitive_desc()

sycl_interop::make_memory()

sycl_interop::make_memory()

sycl_interop::make_memory()

convolution_forward ()

execute()

src/ dst tensor

filter tensor

convolution descriptor

convolution algorithm

convolution



HmsdkÇ oneAPI› Ҋ FPGA ̄ Ḙ ᵏ

ǐFPGA╥ ʺ◑ ᶷⱠ אַ ϮѤ ▀ ᾎʼ

ǐFPGA ̩ ḛ ᵒ╘ ▀ ᾒ ╙ ἵ ҵᴜ ⱳ♬

ǐ͙ѫ ┬ Ἓ ˤỢ

ǐCPU⁄Ἄ ▀Ӈ̆ ᾒ ӇѤ ˌḛ פ ╥ ⁄Ḁᴆ╪Ἢ Ợ↔

ǐḲ͎ʺ ḛ˸Ӈ‡ ὡ♬ ⅝ ᾎ ΅ ẖᵐ ᵙ ᾎʼ ʺѫ

ǐ♬♠ Ἓѫ ṪἍ

ǐᶉᶛᵙ, Ἓѫ, ҥ╪ ᵒ Ṏᶜ Ữ╙ ᾏṊ Ѥ ♬Ṓ

ǐṎᶜ Ữ╙ ˺ ͙ ─ ♠ ͙ὥ⁄ ҍ ⱠΌ

ǐ♣ ▀

ǐVtune Ἓѫ ṪἍ͙⁄Ἄ ҥ╪ ꜙἶ Ṏᶜ Ữ╙ ᾏṊ
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FPGA ̄ Ḙ ᵏ: ♩♅ ἘѨ ṧἊ
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HmsdkÇ oneAPI HPC : ◌ ʷѨ ̃ ẓᵍ   ᵖ ╧ἧ ̬

ǐIntelÈ oneAPI BASE Toolkit⁄ ʺ ʺѫ

ǐC++, Fortran, SYCL*, OpenMP* ḓ MPIᴛ ⁪
ӥ, HPC ḓ↕ג ,נּ╪ג AIᵑ ─ ̆Ἓѫ╥
◑ ʺѫ Ṏᴑ   ᵙ ╪Ἢ╙ ˌḛ ʺѫ

ǐ♠╘ Яᴏ╖ᴛ ẖᵎ̆ Ό♬♠╪ᶒ ◑ ʺѫ ụ
‰ Ṏᴑר ӥ ỸἛ

ǐIntelÈ Ⱡ₣È ᴛἝἌ, IntelÈ ‡Ê ᴛἝἌ
ḓ Intel ʺἶ͙⁄Ἄ╥ Ἓѫ Ữ
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HmsdkÇ Hmrodbsnq9Ҕ ♅╕ Ẉ↑╓ᴘ ᾍᴤἘ е╕   ᵖ ╧ἧ ˉḘ

ǐC, C++ ḓ Fortran   ᵙ ╪Ἢ╥ ᶉᶛᵙ ₮ױ⁄ ᾅ
ᴆӥ ᵑױ⁄ ˤ Ѥҥ ↔╪

ǐṊҵ╥ Ϯױ▀ Ẏӥʺ ⅝ ′╛
ǐᵜᵙᾅ Ẏӥ ḕ╪Ўᵙᵑ Ợ↔

ǐGUIѤ Windows₮ Linux OS Ữ⁄Ἄ ╪↔ ʺѫ

ǐMicrosoft* Visual Studio* ᴛ ʺѫ

ǐᶉᶛᵙ ₡ᵆ
ǐᶉᶛᵙ ыἒ

ǐ ҉̓ Ḣ╥ API Ḉᾅᵰ

ǐ▀̕Ἓ ′Ѥ ᶉᶛᵙ API Ợ↔

ǐṨ♬ ᶉᶛᵙ  Ἕᾅ

ǐᾅᴆӥ ₡ᵆ
ǐҥ╪ ˿

ǐDeadlock
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Features
Memory 
Analysis

Threading 
Analysis

Persistence
Memory

/ƻƭƭŀǇǎŜ ƳǳƭǘƛǇƭŜ άǎƛƎƘǘƛƴƎǎέ ǘƻ ƻƴŜ ŜǊǊƻǊṊ Ṋ Ṋ

Suppress, Filter, Workflow Management Ṋ Ṋ Ṋ

Visual Studio Integration (Windows) Ṋ Ṋ Ṋ

Command line for automated tests Ṋ Ṋ Ṋ

Timeline visualization Ṋ Ṋ

Memory growth during a transaction Ṋ

Trigger debugger breakpoints Ṋ Ṋ



HmsdkÇ Sq`bdAnalyzer: ἲ ≈„╢ ṋᶙ ừ╖ ẓᵋ˪ ῴ

ǐּת∟ӇѤ ӰḲ͎ ҵ̯
ǐGDB 

ǐAllinea DDT 

ǐMPI   ᵙ ╪Ἢ╙ ─ Ἓѫ ṪἍ ҵ̯

ǐ ᾐ hotspot ᾎ

ǐṎᴑ ᴛ͎ע╥ ҿ▬╙ ᾎʻ

ǐ▀ḙ MPI ₡ᵆᵑ ṪἍ

ǐỰᴛ⇔ װ˿ ᴛ ▀ᴛ 100K+ MPI צ ᵑ ᴛ ▀ ʺ
ѫ
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MPI event timeline

MPI correctness checking 

warnings errors



HmsdkÇ ᵮᾂ ᾋᵖּכ
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HmsdkÇ ᵮᾂ ᾋᵖּכ

ǐIntelÈ Ⱡ₣È CPU ᵱᾅ

ǐ⁷˺ӈ 4ˌ ▀ᴛ ̯Ἓӈ ҍ 56ˌ ᶀᾅ ‡

ǐ̆ҍ⁵ ᶉᶛᵙ(HBM) ̯Ἓ⁄Ἄ ᾒ ʺѫ

ǐ350W 

ǐIntelÈ ᵱᾅ ᾎᵙּנ GPU

ǐIntelÈ ᵱᾅ ᾎᵙּנ 1100 GPU: 

ǐ56ˌ╥ Xe ‡ / 64GB HBM / 300W

ǐ╬ Xe ᵠ Ẅᵟּתᵑ ױ⁴ ӥ ⁷˺ ʺѫ

ǐIntelÈ ᵱᾅ ᾎᵙּנ 1350 GPU

ǐ112ˌ Xe ‡ / 96GB HBM / 450W 

ǐIntelÈ ᵱᾅ ᾎᵙּנ 1550 GPU

ǐ128ˌ Xe ‡ / 128GB HBM / 600W 

ǐˌḢ ר ͙ḙ ̪ ῷ ᴛ͎מḒ
ᴆ▐√ ╬ oneAPIᴛ ╪ ʺѫ
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HmsdkÇoneAPI 2023 ửᴘ↔ ͖Ѩ

ǐ ױ▀ ḓ SYCL ּת∟
ǐIntelÈ oneAPI DPC++/C++ ▀ױѤ BF16╙ ₰Ṉ ˭ ∟תּ ⁴ AI ʺἶ╙ Ⱡ̑

ǐNVIDA ḓ AMD GPU ╪↔ ⁴ CodePlay╥ oneAPI ╙╬͎ױ ∟תּ

ǐSYCLomatic cuBLASḓ cuDNN̓ ˉ╘ CUDA* ג╪Ẅױᵙ ╙ SYCL ḓ oneAPI ⁄ᵙױẄ╪ג ṉ ʺѫ

ǐ̆Ἓѫ ╙ ─ ᾐ Fortran ▀ױ
ǐFortran 2003, Fortran 2008 ḓ Fortran 2018╥ ᶛӧ ͙ѫ̓ җ ᵤ╘ OpenMP 5.x ͙ѫ╙ ∟תּ

ǐCPU⁄Ἄ Co-Arrayᵑ ∟תּ ᶒ GPU⁄Ἄ DO CONCURRENTŋ ∟תּ

ǐἛѫ ᵙױẄ╪ג
ǐIntelÈ oneAPI Math Kernel Library Ѥ ҥ╪ ἡ GPU Ἓѫ ♠

ǐỰᴛ⇔ FFT, 1D ḓ 2D ♠ , ϱὡ ỸἛ͙, Sparse BLAS ḓ LAPACK Ⱡ̑

ǐIntel È MPI LibraryѤ GPU Ḳ ᵑ Ợ↔ ⁴ Collective ͙ѫ╥ Ἓѫ Ữ ʺѫ

ǐṪἍ ḓ ӰḲ͎
ǐIntelÈ VTuneÊ 

ǐIntelÈ XeonÈ Max⁄Ἄ HBM ╪↔ ⁴ Ἓѫ Ữ ʺѫ

ǐIntelÈ ҥ╪ ἡ Max⁄Ἄ Xe Link ̕ᴐ CPU/GPU Ṭ͌ ḓ ҍ⁵ Ṏᶜ Ữ ᶷⱠ ᾎ
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HmsdkÇᵮᾂ ᾋᵖּכ ἘѨ
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HmsdkÇᵮᾂ ᾋᵖּכ ἘѨ
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https://devcloud.intel.com/oneapi/

32



⁴˷ ḟᾌ
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Step 1) Visit https://devcloud.intel.com/oneapi/get_started/

https://devcloud.intel.com/oneapi/get_started/


Step 2) Click the ŗRegister now for IntelÈ DevCloudŘ link



Step 3) Fill out the ŗBasic Contact InformationŘ section



Step 4) Fill out the ŗMore About youŘ section



Step 5) Select what applies and click the ŗNext StepŘ button



Step 6) Accept the Terms and Conditions and click the ŗSubmitŘ button



Step 7) Check your email to verify your email address


