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스마트한 방식 시리즈

1. Introducing Intel oneAPI 2023 

▪ https://www.allshowtv.com/detail.html?idx=1259

2. Heterogenous Programming with oneAPI and DPC++(SYCL)

▪ https://www.allshowtv.com/detail.html?idx=1337
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아키텍처 간 가속 프로그래밍을 위한 스마트한 방식

▪CPU, GPU ḓ FPGA₮ ˉ╘ ѻ‚ ʺἶ͙ (XPU) ּת∟

▪̆Ἓѫ ḓ ͙́ ᾋ╙ ─ Ợ‚╙ ἶ♠╖ᴛתּ ḛ♣
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이기종 프로그래밍 모델 지원

▪icc/icpc 와 ifort에서는
▪ GPU↔ OpenMP*4.0/4.5╥ ₡ ᴛӥ ͙ѫ╘ תӇּ∟תּ Ώ╛

▪ OpenMP*5.0/5.1/5.2 ҵ ∟תּ תӇּ∟תּ Ώ╛

▪dpcpp/icx/icpx/ifx는 새로운 LLVM 기반 컴파일러이며 Intel® oneAPI Toolkit에 포함
▪GPU↔ OpenMP ₡ ᴛӥ ͙ѫ╘ ∟תּ ʺѫ

▪OpenMP*5.0/5.1/5.2ҵ ∟תּ ʺѫ
▪https://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 DPC++/SYCL

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


NVIDIA GPU 및 AMD GPU를 위한 컴파일러 플러그인

▪Intel DPC++ 컴파일러: oneAPI BASE Toolkit
▪OpenCL ḥ⁪ӥ: Intel CPU, GPU(Gen9, 11, Xe) ḓ FPGA(Stratix, Aria)⁄ ♠

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

▪Codeplay에서 Intel® oneAPI 2023 컴파일러의 최신 바이너리 플러그인을 무료로 다운로드 가능
▪https://developer.codeplay.com/products/oneapi

▪NVIDIA GPU: A100-PCIe-40GB (sm_80) 

▪AMD GPU (ḽ ): AMD Radeon Pro W6600 (gfx1032)
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DPC++: vector_add.cpp 

▪DPC++ = [C++] + [SYCL] + [확장성]

▪C++╥ ỸụἛ: ╫ὢ C++ ̯ⱳᵑ Ợ↔ ⁴ ҥ╪ Ṏᴑ ᵙ₮ ╪͙ꜙ ᴛ͎מḒ╙ ∟תּ

▪SYCL ר: OpenCL⁄ ͙ḙ╖ᴛ ╪͙ꜙ ᾎᾅ ╙ ─ ᴛ͎ע ▬Ἓ ᶛҨ

▪Intel╥ ◑Ἓ: SYCL ̓ ἵ , unified shared memory (USM), subgroup, reduction

▪헤더 파일

▪sycl.hpp: Intel(R) DPC++ ▀ױʺ Ⱡ̑ӈ SYCL ר╥ җ ▀

▪fpga_extensions.hpp: FPGAᵑּת∟ӈ DPC++ ◑Ἓ ӈ җ ▀

6

#include <iostream>

#include <vector>

#include <string>

#include < sycl /sycl.hpp>

#if FPGA_HARDWARE || FPGA_EMULATOR

#include < sycl / ext /intel/fpga_extensions.hpp>

#endif

using namespace sycl ;

h
o

st



DPC++: vector_add.cpp 

▪오프로드 커널용 액셀러레이터를 선택은 간단하다

▪DPC++Ѥ ᾒ ˿⁄Ἄ ╪↔ ʺѫ ӥ≢‡ᵑ ˤ ⁴ ἐ ͙ᵑ Ⱡ̑

▪default_selectorѤ ᶛӧ ╪↔ ʺѫ  ἢױᴆ╪ ᵑ ⁸˞ ⁴ ʺ◑ Ἓѫ╪ и╘ ˦╙ ἐ

▪FPGA 위한 특수한 선택기

▪FPGA  ἢױᴆ╪ ↔╖ᴛ fpga_selector₮ fpga_emulator_selector ᾅᵑמ ʺᴛ Ⱡ̑

▪ ҉ fpga_extensions.hpp җ ▀⁄Ἄ ♬╥
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int main(int argc, char* argv[]) {

#if FPGA_EMULATOR

// FPGA emulator selector on systems without FPGA card.

auto selector = sycl :: ext ::intel:: fpga_emulator_selector_v ;

#elif FPGA_HARDWARE

// FPGA selector on systems with FPGA card.

auto selector = sycl :: ext ::intel:: fpga_selector_v ;

#else

// The default device selects the most performant device.

auto selector = default_selector_v ;

#endif

// Queue creation

queue q(selector); 
h

o
st



DPC++: vector_add.cpp 

▪ ᾅ ӥ₮ В ӥᵑ Ѿ▀ ἵᾅᴛ CPU, GPU,FPGA Ӱḕ╪ᾅᴛ ₡ ᴛӥ ʺѫ
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// Vector definition

auto N = 10000; 

std::vector<int> a(N), b(N), c(N); 

// Vector initialization 

for (auto i = 0; i < a.size (); i ++) a.at( i ) = i ;

for (auto j = 0; j < b.size (); j++) b.at(j) = 2*j;

{ 

// Buffer

buffer a_buf(a);

buffer b_buf(b);

buffer c_buf(c); 

q.submit ([&](handler &h){

// Create an accessor for each buffer with access permission

accessor a_acc( a_buf, h, read_only);

accessor b_acc( b_buf, h, read_only);

accessor c_acc( c_buf, h, write_only , no_init );

h.parallel_for (range<1>(N), [=](id<1> i ){ c_acc[ i ] = a_acc[ i ] + b_acc[ i ]; });

})

}

h
o

st
d

e
vice

ᾅ ⁄Ḿ ҉ḓ ͙

ʺἶ͙ᶉᶛᵙ⁄Ḳ ҉ḓ ͙

⁄Ựᴛ⇔ᶘᴖⱠ

‡ԐḲ ⁄♪͐ ╥♬תּ╬˦

́ụ▬‰Ṏᴑᴛᾒ

ʺἶ͙ᶉᶛᵙ⁄Ḳ ҉ Ⱡ



DPC++: vector_add.cpp 
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// Result print

for (int i = 0; i < N; i ++) {

std:: cout << "[" << i << "]: " 

<< a[ i ] << " + " << b[ i ] << " = "

<< c[ i ] << " \ n";

} 

a.clear ();

b.clear ();

c.clear (); 

return 0;

}

h
o

st

ᾅ ⁄˺̓ᵑ ᴏ

ᾅ ᶉᶛᵙ ҉ Ⱡ

$ icpx - fsycl - O2 vector_add.cpp - o vector_add.x

$ ./ vector_add.x

[0]: 0 + 0 = 0

[1]: 1 + 2 = 3

[2]: 2 + 4 = 6

[3]: 3 + 6 = 9

...

[9999]: 9999 + 19998 = 29997



핵심: 실행 모델
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핵심: 플랫폼

▪플랫폼 클래스

▪SYCL╘ ᾒ ԅ ᾎᾅ ⁄Ἄ Ợ↔ ʺѫ פ ︡ ╙ ˤự

▪̒ פ ╘ Intel OpenCL ֞Ѥ Nvidia PTX₮ ˉ╘ ḥ⁪ӥ ̯ ╙ Ϯ Ѓ

▪ פ ҍ ♬Ṓᵑ ᶷ╥ ͙ ─ sycl ::platform:: get_info () ὡᵑ Ⱡ̑

▪platform ╪ᵒ, ͕̑‰ ḓ Ḳ♣
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for (auto const& this_platform : platform:: get_platforms () ) {

std:: cout << "Found platform: "

<< this_platform.get_info <info::platform::name>() << " \ n";



핵심: 디바이스
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▪디바이스 클래스

▪oneAPI⁄Ἄ ʺἶ͙╥ ͙ѫ╙ Ϯ Ѓ

▪ פ ҍ ♬Ṓᵑ ᶷ╥ ͙ ─ sycl ::device:: get_info () ὡᵑ Ⱡ̑

▪device ╪ᵒ, ͕̑‰ ḓ Ḳ♣

▪ᶉᶛᵙ╥ bandwidth, frequency, cache size, online/offline status

▪debug ─ SYCL Ӱḕ╪ᾅ╥ ᾒ ḓ ᶉᶛᵙ ᶛҨ╙ ⁄Ḁᴆ╪ ӈ ᾅ Ӱḕ╪ᾅ Ⱡ̑

for (auto const& this_device : this_platform.get_devices () ) {

std:: cout << "  Device: "

<< this_device.get_info <info::device::name>() << " \ n";

}



핵심: 큐 및 디바이스 선택기

▪디바이스 선택기 클래스

▪ В╙ ᾒ ♬ Ӱḕ╪ᾅ ἐ ╙ Ἓ

▪sycl :: host_selector_v ( Ữ Ợ↔ ʺѫ )

▪sycl :: default_selector_v (ʺ◑ Ἓѫ╪ и╘ ʺἶ͙)

▪sycl :: accelerator_selector_v (͙ ʺἶ͙) 

▪sycl :: cpu_selector_v

▪sycl :: gpu_selector_v

▪sycl :: ext ::intel:: fpga_selector_v

▪sycl ::exit::intel:: fpga_emulator_selector_v

▪큐 클래스

▪Ӱḕ╪ᾅ⁄ ᶘᴖ ͎ᴹ(command group) ╙ Ⱡ Ѥ Ḣᾏ Ⱡ̑

▪Ӱḕ╪ᾅ⁄ В ὡᵑ Ⱡ

▪Ӱḕ╪ᾅ⁄ ҥ╪ ᵑ ♣Ἶ

▪ѻᵐ ᶘᴖ╪ ₰ᴮӇ͙ᵑ ͙ѻᵝ

▪̒ ╘ ♬ Ϯ╥ ѻḕ╪ᾅ(GPU ֞ Ѥ FPGA)₮ ⁷˺ӊ
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auto selector = gpu_selector_v ;

queue q(selector);

q.submit ([&](handler& h){

// COMMANDGROUP

});



핵심: 멀티 GPU 선택기

▪ἐ ͙ override: ʺ◑ и╘ rating ▓Ѥ ʺἶ͙ ἐ

▪ᾒ ᾎ ṉὡ ˿╖ᴛ ἐ
▪SYCL_DEVICE_SELECTOR=<backend>:<device>:<id> 

▪₉ᾎ: export SYCL_DEVICE_SELECTOR=opencl:gpu:1 ֞Ѥ export SYCL_DEVICE_SELECTOR=hip:gpu:0 
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class my_device_selector : public device_selector {

public:

int operator()(const device& dev) const override {

int rating = 0;

if ( dev.is_gpu ()      & ( dev.get_info <info::device::name>().find( "Intel" ) != std::string:: npos)) rating = 3; 

else if ( dev.is_gpu () & ( dev.get_info <info::device::name>().find( ᾟAMD")   != std::string:: npos)) rating = 2;

else if ( dev.is_cpu ()) rating = 1;

return rating;

};

};

int main() {

my_device_selector selector;

queue q(selector);

std:: cout << "Device: ᾟ << q.get_device (). get_info <info::device::name>() << std:: endl ;

return 0;

} 



핵심: 명령

▪명령 그룹

▪ ⁄Ἄ sycl::queue::submit() ὡᵑ ⁴ ̯Ἓӊ

▪C++ lambda ὡ

▪[&]: lambda ὡ ḗ╥ ᶛӎ ṉὡᵑ Ό⁄Ἄ ▄̆ ΰὡ ▓╛

▪sycl ::handler : Ӱḕ╪ᾅ⁄ Вᵑ Ⱡ Ḣᾏ ӥױЃ

▪ᶘᴖ ͎ᴹ Ό⁄Ἄ ᾒⱠ Ӱḕ╪ᾅ ӥᵑ ♬╥

▪sycl ::handler:: single_task () 

▪sycl ::handler:: parallel_for () 

▪sycl ::handler::copy()

▪sycl ::handler:: update_host() 

▪sycl ::handler:: host_task ()

▪ẋҿ͙♠ (asynchronously) ╖ᴛ Ⱡ ӊ

▪sycl ::queue::submit() ᶘᴖ ₰ᴮӈ sycl ::event ╥ wait() ὡ╖ᴛ ҿ͙ ʺѫ

▪ҿ͙ : sycl ::queue q{selector, sycl :: property_list { sycl ::property::queue:: in_order {}}}
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auto selector = gpu_selector_v ;

queue q(selector);

auto e = q.submit ([&](handler& h){

// COMMANDGROUP

h.parallel_for ()

});

e.wait ()



핵심: 커널 함수

▪커널 함수

▪sycl ::handler Ⱡ̑ӈ ὡ╖ᴛ ▬Ἓ

▪ᶘᴖ ͎ᴹ⁄Ѥ SYCL В ὡ ᶘᴖ╪ Ѿ▀ᴛ Ⱶ◓

▪ В ὡ╥ ͋

▪C++ lambdaᴛ ♬╥

▪[=]ᴛ captured-by-value 

▪ ὡ╥ ╬ Όӊ

▪ҿ♠ ҉ (dynamic allocation) Όӊ

▪ҿ♠ ѻ Ἓ (dynamic polymorphism) Όӊ

▪◓̈́ (recursion) Όӊ

▪SYCL 2020 Ἄ⁄ר В lambda╥ ╪ᵒ╙ ♬תּ תּ Ώ╙ ὡ ▓╛

▪ 병렬 커널

▪Ṏᴑ В╙Ợ↔ ᶔ▬‰╥⁴ױ╬ᾅ ᾅᵑṎᴑᴛᾒ ὡ▓╛

▪Ӱḕ╪ᾅ⁄ ʻ ḙṓ╪ ὣἌ⁄ ́̕′╪ ₰♣ Ҷᵞ♠╬ ͙ṕ for ᴴ ₡ ᴛӥ
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auto selector = gpu_selector_v ;

queue q(selector);

auto e = q.submit ([&](handler& h){

// COMMANDGROUP

h.parallel_for <my kernel>(..., [=](){ 

// KERNEL CODE 

}); 

});

e.wait ()



핵심: 기본 병렬 커널

▪͙ṕ Ṏᴑ В╥ ͙ѫ╘ range, id ḓ item ᾅᵑמ Ợ↔ ὡ ▓╛

▪range ᾅѤמ Ṏᴑ ᾒ ╥ ḙṓ ̑ʼ╙ Ϯ Ѓ

▪id ᾅѤמ Ṏᴑᴛ ᾒ ӇѤ В╥ ˌṊ ╬ᾅ ᾅ⁄ ╬Ҧᾅᵑ Ṩ⁴

▪item ᾅѤמ В ὡ╥ ˌṊ ╬ᾅ ᾅᵑ Ϯ Ѓ
▪get_id (), get_range(), get_offset (), get_linear_id ()
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h.parallel_for ( range<1>(1024), [=](id<1> idx ){

c[ idx ] = a[ idx ] + b[ idx ]

});

h.parallel_for (range<1>(1024), [=](item<1> item){

auto idx = item.get_id ();

c[ idx ] = a[ idx ] + b[ idx ]

});

for ( int i= 0 ; i < 1024 ; i++){

c[i] = a[i] + b[i];

});

CPU   ᵙ ╪Ἢ╥ for ᴴ parallel_forᵑ Ợ↔ ⁴ ʺἶ͙ᴛ ₡ ᴛӥ



핵심: ND-Range 커널

▪메모리 최적화
▪ᴛ (local) ᶉᶛᵙ⁄ ҍ ♪͐╪ Ⱡ̑ ̆ ӥ≢‡╥ ́ụ Ѿ─⁄ ᾒ ╙ ᵰ

▪ϻ╘ ὡר╥ Ἓѫ ѹ╙ ʺѫ Ḣᾏ

▪Work-group

▪♣ ḙṓ ̑ʼ╘ work-group Ѥג╪ ▬╘ ͎ᴹ╖ᴛ Ϯї

▪▫∟ Ợ↔ ḓ Ṩ Ṫụ ▬‰ Ḥ ᵑ Ⱡ‡ ὡ ▓╛

▪Work-item
▪work-group Ͽ╥▬‰ ᶜ╘ ӥ≢‡╥Ѿ▀́ụѾ─⁄Ἄ₉–ӊ
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핵심: ND-Range 커널

▪nd_range 커널
▪nd_range ₮ᾅמ nd_item ᾅᵑמ Ợ↔ ὡ ▓╛

▪nd_range 클래스
▪♣⁵ ᾒ Ḹ─₮ ʻ ▬‰ ͎ᴹ╥ ᴛ ᾒ Ḹ─ᵑ Ợ↔ ⁴ ͎ᴹ ӈ ᾒ Ḹ─ᵑ Ϯ Ѓ

▪nd_item 클래스
▪ В ὡ╥ˌṊ╬ᾅ ᾅᵑϮ Ͽᶒ▬‰͎ᴹḸ─ḓ╬Ҧᾅᵑᶷ╥ ὡ▓╛

▪Ӱḕ╪ᾅ ᵡѻ ♠ ӈ work-group ͙ ѻᵒ
▪get_global_id (), get_local_id (), get_global_range (), get_local_range (), get_nd_range(), mem_fence()
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h.parallel_for ( nd_range<1>(range<1>(1024), range<1>(64)), [=]( nd_item<1> item){

auto idx = item.get_global_id ();

auto local_id = item.get_local_id ();

// CODETHATRUNSONDEVICE

});

global range local range
(work-group size)



구조
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비교
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https://developer.codeplay.com/products/computecpp/ce/2.11.0/guides/sycl-for-cuda-developers/migrating-from-cuda-to-sycl

https://developer.codeplay.com/products/computecpp/ce/2.11.0/guides/sycl-for-cuda-developers/migrating-from-cuda-to-sycl


최대 Work Group: Intel vs. NVIDIA

▪NVIDIA Ӱḕ╪ᾅ╥ ˿↕⁄Ѥ max_work_group_sizeѤ 1024 (ẇᴜ҉ ҍ ᾅᴆӥ ˌὡ)ᴛ ̆♬ӊ

▪Intel ѻḕ╪ᾅ╥ ˿↕⁄Ѥ max_work_group_sizeѤ Ӱḕ╪ᾅᵡѻ ѻᵒ: Iris Xe Max (512), Gen 9 (256)

▪ ᾅ Ӱḕ╪ᾅʺ ᾅᴆӥ ╪∟תּ ′Ѥ OpenCL Ӱḕ╪ᾅ╥ ⁄Ḁᴆ╪Ἢ ӊ

Found Platform:
info::platform::name is 'NVIDIA CUDA BACKEND'
info::platform::vendor is 'NVIDIA Corporation'
info::platform::version is 'CUDA 11.2'
info::platform::profile is 'FULL PROFILE'

Device: Tesla K40
is_host (): No
is_cpu (): No
is_gpu (): Yes
is_accelerator (): No
info::device::vendor is 'NVIDIA Corporation'
info::device:: driver_version is 'CUDA 11.2'
info::device:: max_work_item_dimensions is '3'
info::device:: max_work_group_size is '1024'
info::device:: mem_base_addr_align is '4096'
info::device:: partition_max_sub_devices is '0'

Found Platform:
info::platform::name is 'Intel(R) OpenCLHD Graphics'
info::platform::vendor is 'Intel(R) Corporation'
info::platform::version is ' OpenCL3.0 '
info::platform::profile is 'FULL_PROFILE'

Device: Intel(R) UHD Graphics P630 [0x3e96]
is_host (): No
is_cpu (): No
is_gpu (): Yes
is_accelerator (): No
info::device::vendor is 'Intel(R) Corporation'
info::device:: driver_version is '21.11.19310'
info::device:: max_work_item_dimensions is '3'
info::device:: max_work_group_size is '256'
info::device:: mem_base_addr_align is '1024'
info::device:: partition_max_sub_devices is '0'

Found Platform:
info::platform::name is 'Intel(R) OpenCLHD Graphics'
info::platform::vendor is 'Intel(R) Corporation'
info::platform::version is ' OpenCL3.0 '
info::platform::profile is 'FULL_PROFILE'

Device: Intel(R) Iris(R) Xe MAX Graphics [0x4905]
is_host (): No
is_cpu (): No
is_gpu (): Yes
is_accelerator (): No
info::device::vendor is 'Intel(R) Corporation'
info::device:: driver_version is '21.11.19310'
info::device:: max_work_item_dimensions is '3'
info::device:: max_work_group_size is '512'
info::device:: mem_base_addr_align is '1024'
info::device:: partition_max_sub_devices is '0'

Found Platform:
info::platform::name is 'Intel(R) OpenCL'
info::platform::vendor is 'Intel(R) Corporation'
info::platform::version is ' OpenCL2.1 LINUX'
info::platform::profile is 'FULL_PROFILE'

Device: Intel(R) Core(TM) i9 - 10920X CPU @ 3.50GHz
is_host (): No
is_cpu (): Yes
is_gpu (): No
is_accelerator (): No
info::device::vendor is 'Intel(R) Corporation'
info::device:: driver_version is '2021.11.3.0.17_160000'
info::device:: max_work_item_dimensions is '3'
info::device:: max_work_group_size is '8192'
info::device:: mem_base_addr_align is '1024'
info::device:: partition_max_sub_devices is '24'

Found Platform:
info::platform::name is 'SYCL host platform'
info::platform::vendor is ''
info::platform::version is '1.2'
info::platform::profile is 'FULL PROFILE'

Device: SYCL host device
is_host (): Yes
is_cpu (): No
is_gpu (): No
is_accelerator (): No
info::device::vendor is ''
info::device:: driver_version is '1.2'
info::device:: max_work_item_dimensions is '3'
info::device:: max_work_group_size is '1'
info::device:: mem_base_addr_align is '1024'
info::device:: partition_max_sub_devices is '1'

Found Platform:
info::platform::name is 'NVIDIA CUDA BACKEND'
info::platform::vendor is 'NVIDIA Corporation'
info::platform::version is 'CUDA 11.2'
info::platform::profile is 'FULL PROFILE'

Device: Tesla V100
is_host (): No
is_cpu (): No
is_gpu (): Yes
is_accelerator (): No
info::device::vendor is 'NVIDIA Corporation'
info::device:: driver_version is 'CUDA 11.2'
info::device:: max_work_item_dimensions is '3'
info::device:: max_work_group_size is '1024'
info::device:: mem_base_addr_align is '4096'
info::device:: partition_max_sub_devices is '0'
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핵심: Buffer

▪데이터 저장 및 액세스 분리

▪SYCL╥ BufferѤ ᾅ ḓ Ӱḕ╪ᾅ⁄ ҥ╪ ᵑ ̕ᵙ

▪SYCL╥ AccessorѤ ♬ SYCL В⁄ ҍ ᾅ ḓ Ӱḕ╪ᾅ╥ ҥ╪ ⁄ ҍ ◌͐ ⅝

▪Buffer 클래스

▪̕ ᵙ ҥ╪ ⁄ ҍ ╬ ₮ ҥ╪ ╥ ⅝ἵ ˌὡᵑ ἒᶘ Ѥ Ḹ─ᴛ ̯Ἓ ὡ ▓╛

▪SYCL2020Ѥ Ѿὣ ᵑ ─ Class Template Argument Deduction (CTAD) ᵑ ∟תּ ʺѫ

▪BufferѤ out-of-scope Ӈ‡ ҥ╪ ҿ͙ ʺ ▫ҿ╖ᴛ ḛỸ
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using namespace sycl ;

int Arr [64];

buffer <int, 2> Buf( Arr , range <2>(8, 8));

using namespace sycl ;

int Arr [64];

buffer Buf( Arr , range(8, 8));

CTAD

using namespace sycl ;

std::vector<int> Vector(64)

buffer <int, 1> Buf(Vector, range <1>(64));

using namespace sycl ;

std::vector<int> Vector(64)

buffer Buf(Vector)

CTAD



핵심: Accessor

▪Accessor 클래스

▪bufferḓ ᶘᴖ ͎ᴹ╥ sycl::handler ỸἛӊ

▪CTAD ⅝ἵ ┬ ḓ ∟╘ Ḳ ⁄Ἄ ┬ ʺѫ

▪Accessᶛӥ:

▪read: В ὡѤ ҥ╪ ᵑ ▄╛

▪write: В ὡѤ ҥ╪ ᵑ ὡ♬, Ḉᵙ ᶘᴖ ͎ᴹ⁄ ҍ dependencies╙ ỸἛ

▪no_init: В ὡѤ ҥ╪ ╥ ͙ ˃╪ ⅝ ′̆ ╪♣ ᶘᴖ ͎ᴹ⁄ ҍ dependencies╙ Ⱡ˞

▪ ᾅ Accessor: 

▪ҥ╪ ᵑ ᾅ ⁄ ѻᾎ ҿ͙

▪Blocking call: ҿ▀ Ḳ ᵑ ὡ♬ Ѥ ᶛӧ ҍ͙⁸ В╪ ᾒ ╙ ₰ᴮ ḙ ӊ

24

buffer <int, 1> B(Vector, range <1>(64));

accessor<int, 1, access::mode:: read_write > A1(B, h);

accessor<int, 1, access::mode::write> A2(B, h);

accessor<int, 1, access::mode:: discard_write > A3(B, h);

buffer B(Vector);

accessor A1(B, h);

accessor A2(B, h, write_only );

accessor A3(B, h, write_only , noinit );

CTAD



DPC++: scope 통해 데이터 동기화
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// Vector definition

auto N = 100; 

std::vector<int> a(N), b(N), c(N); 

// Vector initialization 

for (auto i = 0; i < a.size (); i ++) a.at( i ) = i ;

for (auto j = 0; j < b.size (); j++) b.at(j) = j;

{

// Buffer

buffer a_buf(a);

buffer b_buf(b);

buffer c_buf(c); 

q.submit ([&](handler &h){

// Create an accessor for each buffer with access permission

accessor a_acc( a_buf, h, read_only);

accessor b_acc( b_buf, h, read_only);

accessor c_acc( c_buf, h, write_only , no_init );

h.parallel_for (range<1>(N), [=](id<1> i ){ 

c_acc[ i ] = a_acc[ i ] + b_acc[ i ]; 

});

})

}

h
o

st
d

e
vice

ᾅ ⁄Ḿ ҉ḓ ͙

ʺἶ͙ᶉᶛᵙ⁄Ḳ ҉ḓ ͙

⁄Ựᴛ⇔ᶘᴖⱠ

‡ԐḲ ⁄♪͐ ╥♬תּ╬˦

́ụ▬‰Ṏᴑᴛᾒ

scopeclose: ҥ╪ ҿ͙

scope open



DPC++: 호스트 Accessor 통해 데이터 동기화
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// Vector definition

auto N = 100; 

std::vector<int> a(N), b(N), c(N); 

// Vector initialization 

for (auto i = 0; i < a.size (); i ++) a.at( i ) = i ;

for (auto j = 0; j < b.size (); j++) b.at(j) = j;

// Buffer

buffer a_buf(a);

buffer b_buf(b);

buffer c_buf(c); 

q.submit ([&](handler &h){

// Create an accessor for each buffer with access permission

accessor a_acc( a_buf, h, read_only );

accessor b_acc( b_buf, h, read_only );

accessor c_acc( c_buf, h, write_only , no_init );

h.parallel_for (range<1>(N), [=](id<1> i ){ 

c_acc[ i ] = a_acc[ i ] + b_acc[ i ]; 

});

})

host_accessor a_host ( a_buf , read_only );

h
o

st
d

e
vice

ᾅ ⁄Ḿ ҉ḓ ͙

ʺἶ͙ᶉᶛᵙ⁄Ḳ ҉ḓ ͙

⁄Ựᴛ⇔ᶘᴖⱠ

‡ԐḲ ⁄♪͐ ╥♬תּ╬˦

́ụ▬‰Ṏᴑᴛᾒ

ҥ╪ ҿ͙ (blocking call) 



DPC++ 핵심: Unified Shard Memory (USM)

▪SYCL에서 포인터 기반 대안을 제공함

▪C++ ᴛ͎ע⁄Ἄ ᶛӧ ╬ ᵑ Ḳ ᴛ ҍ Ѥ ˦╘ ᴛ͎מᵾ⁄˭ Ṩ҅╪ Ӊὡ ▓╛

▪ ᾅ ḓ ◑ ӥ⁄Ἄ ҿ▀ ᶉᶛᵙ ˌ ᵑ ⱳ ὡ ▓╛

▪Bufferᵑ ∟תּ ⁴ ʺἶ͙⁄ porting ʼἵ

27



DPC++ 핵심: Unified Shard Memory (USM)

▪USM 할당의 종류

▪sycl::malloc_host: ᾅ ╥ ᶉᶛᵙ ̑ʼ⁄ ҉ ⁴ ʺἶ͙⁄Ἄ ♪͐ ʺѫ

▪sycl::malloc_device: ʺἶ͙╥ ᶉᶛᵙ ̑ʼ⁄ ҉ ᶒ ᾅ ♪͐ Ṭʺ

▪sycl::malloc_shared: ʺἶ͙₮ ᾅ ᶛӎ⁄Ἄ ♪͐ ʺѫ ̑ʼ ҉

28

// USM 

auto N = 1000;

int *a = malloc_shared<int>(N, q);

int *b = malloc_shared<int>(N, q);

int *c = malloc_shared<int>(N, q);

// Vector initialization 

for (auto i = 0; i < N; i ++) a[ i ] = i ;

for (auto j = 0; j < N; j++) b[j] = j;

// Command group submission 

q.parallel_for (range<1>(N), [=](id<1> i ) { c[ i ] = a[ i ] + b[ i ]; }).wait();

free( a,q); 

free( b,q); 

free( c,q );
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queue q;

int* data = malloc_shared<int>(N, q);

for(int i =0; i <N; i ++) data[ i ] = i ;

//task A

q.submit ([&] (handler &h){

h.parallel_for (range<1>(N), [=](id<1> i ){ 

data[ i ] += 2; 

}); 

}).wait();

//task B

q.submit ([&] (handler &h){

h.parallel_for (range<1>(N), [=](id<1> i ){ 

data[ i ] += 3; 

});

}).wait();

//task C

q.submit ([&] (handler &h){

h.parallel_for (range<1>(N), [=](id<1> i ){ 

data[ i ] += 5; 

}); 

}).wait();

for(int i =0; i <N; i ++) std:: cout << data[ i ] << " ";

free(data, q);

A

B

C

wait()̋ ᾅ ⁄Ἄᾒ ╙ Ѿ



큐
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queue q{property::queue:: in_order () }

int* data = malloc_shared<int>(N, q);

for(int i =0; i <N; i ++) data[ i ] = i ;

//task A

q.submit ([&] (handler &h){

h.parallel_for (range<1>(N), [=](id<1> i ){ 

data[ i ] += 2; 

}); 

});

//task B

q.submit ([&] (handler &h){

h.parallel_for (range<1>(N), [=](id<1> i ){ 

data[ i ] += 3; 

});

});

//task C

q.submit ([&] (handler &h){

h.parallel_for (range<1>(N), [=](id<1> i ){ 

data[ i ] += 5; 

}); 

}).wait();

for(int i =0; i <N; i ++) std:: cout << data[ i ] << " ";

free(data, q);

A

B

C
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queue q;

int* data = malloc_shared<int>(N, q);

for(int i =0; i <N; i ++) data[ i ] = i ;

//task A

auto e1 = q.submit ([&] (handler &h){

h.parallel_for (range<1>(N), [=](id<1> i ){ 

data[ i ] += 2; 

}); 

});

//task B

auto e2 = q.submit ([&] (handler &h){

h.depends_on(e1)

h.parallel_for (range<1>(N), [=](id<1> i ){ 

data[ i ] += 3; 

});

});

//task C

q.submit ([&] (handler &h){

h.depends_on(e2)

h.parallel_for (range<1>(N), [=](id<1> i ){ 

data[ i ] += 5; 

}); 

}).wait();

for(int i =0; i <N; i ++) std:: cout << data[ i ] << " ";

free(data, q);

A

B

C



Intel® oneAPI 2023 새로운 기능

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

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

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

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

▪CPU⁄Ἄ Co-Arrayᵑ ∟תּ ᶒ GPU⁄Ἄ DO CONCURRENTŋ ∟תּ

▪Ἓѫ ᵙױẄ╪ג
▪IntelÈ oneAPI Math Kernel Library Ѥ ҥ╪ ἡ GPU Ἓѫ ♠

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

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

▪ṪἍ ḓ ӰḲ͎
▪IntelÈ VTuneÊ 

▪IntelÈ XeonÈ Max⁄Ἄ HBM ╪↔ ⁴ Ἓѫ Ữ ʺѫ

▪IntelÈ ҥ╪ ἡ Max⁄Ἄ Xe Link ̕ᴐ CPU/GPU Ṭ͌ ḓ ҍ⁵ Ṏᶜ Ữ ᶷⱠ ᾎ

32



Intel® DPC++ 컴파일러: CUDA 백엔드

▪테스트 환경: 

▪IntelÈXeonÈPlatinum 8360Y / NVIDIA A100 -PCIe-80GB 

▪CUDA 11.7

▪NVIDIA GPU╥ Л╪ Ẅ CUDA*⁄ ♠ Ѥ Ἓѫ

33

(ExascaleComputing Project, USA)



Intel® DPC++ 컴파일러: HIP 백엔드

34

▪테스트 환경: 

▪IntelÈXeonÈGold 6330 / AMD Instinct MI100

▪RoCm 5.2.1

▪SYCL 2020 ͙ ѫ╥ 50% ╪Ữ╙ ̯ ѻ.

(ExascaleComputing Project, USA)



C++ 애플리케이션 성능 향상
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▪테스트 환경: 

▪IntelÈXeonÈPlatinum 8480

▪SPECḿ ᵡ :  molecular dynamics, biomedical imaging, ray tracing, fluid dynamics etc.



╬ ᵱᾅ ᾎᵙּנ Ἓѫ
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╬ ᵱᾅ ᾎᵙּנ Ἓѫ
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https://devcloud.intel.com/oneapi/
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연결 방식
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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



Step 8) Click the ŗVerify your email Ř link in the email sent by wsm-postmaster@intel.com



https://devcloud.intel.com/oneapi/get_started/
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인터랙티브 작업 제출

▪Request node based on device properties 
▪qsub -I -l nodes=[ nnodes]:[props]:ppn=[ process_per_node] 

▪Properties describing device class: 
▪core / xeon / gpu / fpga

▪Properties describing device name: 
▪gen9 / gen 11 / aria10 / stratix10 / gold6128 / i9 -10920x

▪Properties describing purpose: 
▪fpga_compile / fpga_runtime / renderkit

49



디바이스 및 플랫폼 확인
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https://github.com/Apress/data -parallel-CPP/tree/main/samples/Ch12_device_information

https://github.com/Apress/data-parallel-CPP/tree/main/samples/Ch12_device_information


Intel® Gen 9 그래픽
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SYCL Hands-on: 컴파일 및 실행 테스트
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SYCL Hands-on: 실행 시 디바이스 선택
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Matrix Multiplication: CPU 버전
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Matrix Multiplication: CPU 버전
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Matrix Multiplication: ND-Range 커널
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Work-item

Work-group



Matrix Multiplication: Buffer 버전
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SYCL header

SYCL namespace

Default queue



Matrix Multiplication: Buffer 버전
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Buffer creation

Accessor creation

ND-range

Parallel for

Data written to host



Matrix Multiplication: USM 버전
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USM pointer allocation



Matrix Multiplication: USM 버전
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Results

61



SYCL Debug with SYCL_PI_TRACE

62



Device Selection with SYCL_DEVICE_SELECTOR 
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