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ᶆ᷈ḻḜḭᴻḇᴻᴴ᷊ᶹᶽḻḁᶍ ᶱ ᵶᶅᵣᶝᵸᴳ 

 

 

 

 

 

 

 

 
 

  



 

 

v 

 

 

Michael Kinsner  ᶎ IƎntel Corporation ᶍḟḲḻ᷿ḙḳᴴᶽḻḀḓᶷᶆᵡᶩᴲ

ᵴᶝᵵᶝᶉᶷᴻ᷂Ḏ᷄ḉḫᴻ ᵰᶍ ḟḵ᷅ḱḧḻ᷅ ᶇ᷈ḻḙᶹḱᴻᶱ

ᵶᶅᵣᶝᵸ  GMichael ᶎᴲ ᶷᴻ᷂Ḏ᷄ḉḫᴻᶇḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶊ

ᵮ ᵶᶅᵩᶩ KƎhronos ᷅ḳᴻḟ ᶍ Intel ᶇᵶᶅ ḟḵ᷅ḱḧḻ᷅ᶍ 

SYCL ᵩᶧᶒ OpenCL ᶍ ᶊ ᶩ ᶲᶆᵣᶝᵸ MGike ᶎḦ᷄Ḧḁḇᴻ

ᶆ᷈ḻḜḭᴻḇᴻᴴᶽḻḀḓᶷḲḻ᷅ᶍ ᶱ ᵶᶅᵩᶩᴲḙḝᶾᴻḦḻḁ

ᶱ┐ ᵶᶉᵫᶨ ᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶊ ꞌᵸᶪḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶊ

ᶊ ᶩ ᶲᶆᵣᶝᵸ  G

 

John Pennycook  ᶎ IƎntel Corporation ᶍḅḝḐᶻᶼᶷᴴᶹḕᴻḞḲḻ᷅ᵩ

ᶧᶒ ᶷᴻ᷂Ḏ᷄Ḑᶆᵡᶩᴲטּ ᵫ ḟḵḃḋ᷊ᴻᶆ סּ ᶉ

ᶱ ᶊ ᶆᵬᶪᶧᵥᶊᵸᶪᵲᶇᶊ ᵶᶅᵣᶝᵸᴳ John ᶎᴲᵴᶝᵵᶝ

ᶉּש ᶍᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶇטּ ᶍטּ ᵫᵡᶩᴲ∙ ᶎ Intel 

eXtreme Performance User sȢ Group (IXPUG) ᶍ◖☺≠╢ ᶆ Intel 

ᶍ ᶱ ᶠᶅᵣᶝᵶᵾ  G 

John ᶎᴲᶻᶾᴻḲḋ᷄ ᶆ᷈ḻḜḭᴻḇᴻᴴ᷊ᶹᶽḻḁᶍ ᶱ ᵶᶅᵣᶝ

ᵸᴳ ᶍ ᶎ ᶊᶮᵾᶩᶝᵸᵫᴲ ᶩ ᵶ ᶩ ᵱᶨᶫᶅᵣᶪḎᴻḦᶎᴲ│
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ᶎᵷᶠᶊ 
 

 

ᶎᴲ ḟḵ᷅ḱḧḻ᷅ᶱ ᶠᶅ ᵥ ᶊᶡ ᵶᶅᵣᶝᵸᴳᶝᵾᴲSYCL  ɥ

DPC++ ᷈ḻḙᶹḱᴻᶊᶃᵣᶅ ᵫᶉᵮᶅᶡ ᶆᵸᴳ 

 

CUDA ᶆᶍḟḵ᷅ḱḧḻ᷅ᶇ ᵸᶪᶇSƎYCL ᶱ ᵣᵾ C++ ᶎᴲ

NVIDIA ∙ ᶍḟḱḋḐḝᶾᴻḨᶗᶍ┌ ᶱ ᵶGƎPU ∙ ᶍḏḘᶹḁᶗ

ᶍ┌ ᶡ ᵶᶝᵸᴳᵴᶨᶊᴲ ᶱטּ ᵰᶪ ᶍ C++ ᶊ ᶊ ᵶᴲᵼᶍ

ᶱטּ ᶩᶝᵸ CG++ ᶇ SYCL ᶎᴲ ᶱ ᶊᵸᶪᵲᶇᶉᵮᵲᶫᶨᶍ ᶱ

ᶡᵾᶨᵶᶝᵸ  G

 

SYCL ᶱ ᵶᵾ C++ ᶱ ᵸᶪᶇᴲ ᶍḡḻḈᴻᶊ ᶨᶫᶪᵲᶇᶉᵮᴲ

CPU GƎPU FƎPGAᴲᵩᶧᶒ ᶍ ḏḘᶹḁᶱ ᶞ ᶮᵺᵾ ᶱ ᵶᶅᴲ

ᶷḟḲ᷆ᴻ᷿ḯḻᶱ  ᶆᵬᶝᵸᴳטּ

 

SYCL ᶎᴲּנ ᵴᶫᵾ (│ ) ᷿ḁḎḨᶱ ᵸᶪᵾᶠ  ƎC++ ᶊᶧᶪḏᴻḇ

ᶍ ᶉ᷊ḥᴻḐᶱ ᵸᶪנּ ᶍ Khronos ᶆᵸ SGYCL 

ᶎ CƎ++ ᵩᶧᶒ C++ ḛḳḑ᷿ḁḎḨᶇ ᶉ ᶱוֹ ᵸ  ᶅC++ ᷈ḻ

ḙᶹḱᴻᶍḩ᷀ḓḂḨᶱ ᵶᶝᵸDGPC++ ᶎ SƎYCL ᶍ᷊ḥᴻḐᶱ  ᵶᵾנּ

LLVM ᶊ ᶄᵮᶿᴻḟḻḅᴻḁᴴ᷈ḻḙᶹḱᴻᴴḟḵḀᶼ᷄Ḑᶆᵸᴳ ᶍᵸᶘᶅᶍ

ᶎ DƎPC++ ᷈ḻḙᶹḱᴻᶱ  ɜSYCL 2020 ᶱ᷊ḥᴻḐᵸᶪ ≥ᶍ C++ 

᷈ḻḙᶹḱᴻᶆ ᵸᶪᶎᵹᶆᵸ G

 

C++ ᶊ ᵶᶅᵣᶉ  rC ḟḵ᷅ḱḦᴻᶆᵡᶫᶏᴲᵡᶉᵾᶡ ᵷᶧᵥᶉ ᶊ

ᶪᶆᵶᶦᵥᴳ ᶍ ᶍּך ᵪᶎᴲ ᶍᶧᵥᶉ C++ ᶱ ᵶᵾ ᶱ

ᶟᵲᶇᶆ C++ ᶱ ᵶᵾᵲᶇᶱ ᶲᶆ ᶠᶅᵣᶪᴳ ᵶᶍ ᵫᵡᶫᶏᴲ

ᶍ C++ ḟḵ᷅ḱḨᶱ ᵬᵾᵣᶇ ᵧᶅᵣ  ᶅC ḟḵ᷅ḱḦᴻᶎᴲ ᶱ ᶞᵲᶉ

ᵺᶪᶧᵥᶊᶉᶪᶎᵹᶆᵸ  G

 

 

 2  
 

ᶱ ᵰ  ᶅSYCL Ḯᴻ᷾ᴻᶍ᷈ḧḭḓḎᶸᴻᵪᶨᶍḝᶸᴻḑḘḋ᷄ᶊᶧᶩᴲ

SYCL ᶱᵲᶫᶝᶆ∙ ᶊ וֹ ᶊ ᶆᵬᶪ᷈ḻḎḻḌᶱ ᵸᶪᵲᶇᵫᶆᵬᶝנּ

ᵶᵾ  G
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 2 ᶆᶎ SƎYCL 2020 ᶱ ᵶᶅ C++ ᶱ ᵶᶝᵸᴳ ᶍ ᶍ

ᶎ SƎYCL 2020 ᶊ ᵶᶅ ᵴᶫᶅᵣᶝᵸᵫᴲ  2 ᶎᵼᶍ ᶇᶮ

ᵹᵪᶊ│ᶉᶪᵿᵰᶆ  н(  2 ᶍ SYCL 2020 ᶍ ᶡ ᶨᵪᶉ ᶎᴲḠ

ḋḈᴻḝᶶᶹḳᶍ ᴲḏḘᶹḁḃḴ᷄ḇᴻᶍ ᴲᵩᶧᶒ ᶉḣḁḐḏḘᶹḁ

ᶍ ᶆ )н  G

ᶍ ᶍ ᶱ ᶟᴲ ᶍ SYCL ᶍ ᶉḲḅᴻḁᶊᶎᴲ

ᶍ Github ( https://github. com/Apress/data - parallel -

CPP)  (♣ ) KƎhronos Group ᶍ SYCL  Web ᷊ᶹḐ 

( www.khronos.org/sycl )  (♣ )ᴲᵩᶧᶒ ᶉ SYCL ╔ Web 

᷊ᶹḐ ( https://sycl.tech )  (♣ ) ᶉᶈᵫᵡᶩᶝᵸ  G

 20 ᶇ  21 ᶎᴲᵲᶍ ᶍ ᶱ ᶲᵿ ᵪᶨᶍ ᶊᶧᶩ ᵴנּ

ᶫᵾᶡᶍᶆᵸ  G

 

Ḙḋ᷄ᶽḻḑᶍ ◖ ᶊᶃᵣᶅ ᵸᶪᵾᶠ  Ǝ20 ᶱ ᵶᶝᵶᵾᴳנּ

SYCL 2020 ᶍ ᶉ ᶍ 1 ᶃᶎᴲᵴᶝᵵᶝᶉᶷᴻ᷂Ḏ᷄ḉḫᴻᶱ ᵧ

ᵾ ᵮᶍḡḻḈᴻᶍḗᴻḑᶻᶼᶷᶱ ᵮ᷊ḥᴻḐᵸᶪᵲᶇᶆᵸᴳᵲᶫᶊᶎᴲ

SYCL 1.2.1 ᶍ OpenCL Ḙḋ᷄ᶽḻḑᶍ᷊ḥᴻḐᶱ ᵧᶅ ᵸᶪ ᵫᵡᶩ

ᶝᵶᵾ  G╗ ᶊᶎ ᴾ ᶉᵮ ᵸᶪᴿ ᵶᶝᵸᵫᴲ  20 ᶆᶎᵲᶍḴḡḳᶆ

ᶍ ᶇ ᶱ ᵸᶪ ᵰᶊᴲᶧᶩ ᵶᵮ ᵶᶅᵣᶝᵸᴳ 

 

ᶉ CUDA ḟḵ᷅ḱḦᴻ ᵰᶊᴲᶷḟḵᴻḉᶇ ᶍ ᶆ C++ ᶇ 

SYCL  ᶍ ᶱ CUDA  ᶍ ᶊ ᶊ ᶒ ᵰᶪᵾᶠᴲ  21 ᶱ ᵶנּ

ᶝᵶᵾ │G ᶱ ᵸᶪ ᶉ ᶎ ᶊ ᵷᶆᵸᵫ CƎ++ ᶇ 

SYCL ᶍ ᶞ ᶮᵺᶎᴲḦḳḉḡḻḈᴻᵪᶃḦḳḉᶷᴻ᷂Ḏ᷄ḉḫᴻᶗᶍᶷḟḵ

ᴻḉᶊᶧᶩ ᵮᶍ ᶱᶡᵾᶨᵶᶝᵸ  G21 ᶎ CƎUDA ᶊᶃᵣᶅ ᵶ

ᶅᵣᶪ ╗ᶍḃ᷿᷄ḯḻᶆᵸᴳ ᶍ ᶩᶍ ᶆᶎᴲᶿᴻḟḻᶉḦḳḉḡḻḈᴻᴲ

Ḧḳḉᶷᴻ᷂Ḏ᷄ḉḫᴻᶍᶷḟḵᴻḉᶊᶧ ᶅC++ ᵩᶧᶒ SYCL ᶊᶃᵣᶅ

ᵶᶝᵸᴳ  21 ᶆᶎ CƎUDA ᷈ᴻḑᶍ┌ ᶱ ᵸᶪᶍᶊטּ ᶃᶿᴻḟ

ḻḅᴻḁᴴḌᴻḳᶆᵡ ᶅ SPYCLomatic  R(github.com/oneapi - src/ 

SYCLomatic ) ᶱ ᵸᶪᵲᶇᶱ ᵮ ᵶᶝᵸ G 
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https://github.com/oneapi-src/SYCLomatic
https://github.com/oneapi-src/SYCLomatic
https://github.com/oneapi-src/SYCLomatic
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ᵲᶫᶎ ᶉḌᴻḳᶆᵡᶩᴲ᷈ᴻḑ┌ ᶍ ᶍḁḎḋḟᶇᵶᶅ ᵴᶫᶝᵸᴳ

SYCL ᶱ ᵶᵾ C++ ᶱ ᵸᶪ ᵪᶨᶎ CƎUDA ᵪᶨ┌ ᵴᶫᵾ᷈ᴻ

ḑᶇ SYCL ᶱ ᵶᵾᶿḲḀḒḳᶍ C++ ᷈ᴻḑᶍ ᶆ NƎVIDIA AƎMD ᴲᵩ

ᶧᶒᶹḻḎḳ GPU ᶆ ᶫᵾ ᵫוֹ ᶨᶫᵾᵲᶇᵫ ᵴᶫᶅᵣᶝᵸᴳ ᶊ

ᶨᶫ  ᶅSYCL ᶱ ᵶᵾ C++ ᷈ᴻḑᶎ NƎVIDIA CUDA ᶆᶎ סּ ᶉ┌

ᶱ ᵶᶝᵸ  G

 

C++ SƎYCL DƎPC++ ᶱ ᶟ᷈ḻḙᶹḱᴻᶍ ᶎטּ ᵬᶝᵸSGYCL ᶱ

ᵶᶅ C++ ᶍ│ ᷿ḁḎḨ ᵰᶍḟḵ᷅ḱḨᶱ ᵸᶪ ᶱ ᵶᵾ ᴲᶽḜ

ḵᴻ᷅ᶆ ᶍ ᶊᶃᵣᶅ ᵶᶝᵸ  G

 

ᵾᶀᶍ ᵫ SYCL ᷈ḧḭḓḎᶸᴻᶱ᷊ḥᴻḐᵶᴲ ᵴᵺᴲSYCL ᶇ C++ 

ᶊᶧᶪḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶍ ᶊ ᶃᵲᶇᶱ ᶂᶅᵣᶝᵸᴳ 

 

 

ᶍ  
 

ᶆᶎ SƎYCL ᶇ C++ ᶱ ᵶᶅ │ᵴᶫᵾטּ ᷿ḁḎḨᶍ וֹ ᶉḟḵ

᷅ḱḦᴻᶊᶉᶪᵾᶠᶊ ᶉ ᶊᶃᵣᶅ ᵶᶝᵸ G

 

 1 ᵪᶨ  4 : ᶱ ᵮ 

 

C++ ᶇ SYCL ᶊ ᶠᶅ ᶩ ᶟ ᶎᴲ  1 ᵪᶨ  4 ᶱ ᶊ ᶟᵲᶇ

ᵫ ᶆᵸ  G

 

 1 ᶆᶎᴲ ᵾᶊ ᶕᶘᵬᴲᵡᶪᵣᶎ ᶠᶅ ᶱ ᶠᶪּל ᶍᵡᶪ

ᶱ ᶩ ᵱᴲ ᶍ ᶱ ᵬᶝᵸ G

 

 2 ᵪᶨ  4 ᶆᶎ CƎ++ ᶇ SYCL ᶍḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶱ

ᵸᶪ ᶱ ᵬᶝᵸᴳ  1 ᵪᶨ  4 ᶝᶆᶱ ᶞ ᵧᶪᶇ CƎ++ ᶱ ᵶᵾ

ḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶍᵾᶠᶍ ᶉ ᵫ ᶊᶃᵬᶝᵸ  G1 ᵪᶨ  4 

ᶎ ᶊ ᵶᶅᵣᶪᶍᶆᴲ ᶊ ᶟᵲᶇᶱᵩ ᶠᵶᶝᵸᴳ 
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 5 ᵪᶨ  12 : ᶍ ᶊ ᵮ 

 

 5 ᵪᶨ  12 ᶝᶆᶎᴲᵡᶪ ᶊ ᵶᶉᵫᶨ ᶉ ᶱ ᵶ

ᶅᵩᶩᴲ ᶊꞌᵷᶅ ᶱ ᶊ ᶞ ᶏᵸᵲᶇᶡᶆᵬᶝᵸᵲGᶫᶨᶍ ᶎᵸ

ᶘᶅ SƎYCL ᶱ ᵸ  ᶅC++ ᶍᵸᶘᶅᶍḮᴻ᷾ᴻᶊᶇᶂᶅּל ᶍᵡᶪᶡᶍᶇ

ᶉᶪᶎᵹᶆᵸ  G 

 

 13    δ  21  : SYCL ᶍᵾᶠᶍḚḻḐ/ᶷḑḘᶹḁ 

 

ᶍ ᶆᶎᴲ ᶍḓᴻḂᶊꞌᵷᵾᶷḑḘᶹḁᶇ ᶱ ᵶᶝᵸᴳ ᶉᵮᶇᶡᵸ

ᶘᶅᶊᵵᶂᶇ ᶱ ᵶᴲḓᴻḂᶊ ᵥ ᶉ᷈ḻḎḻḌᶱ ᶃᵰᶅᵮᵿᵴᵣᴳ 

 

ᶽḜḵᴻ :᷅ ᶱ  

 

ᶎ SƎYCL ᶱ ᵶᵾ C++ ᶍ ᶍ ᶇ SƎYCL ᵰḏᴻḇ  

C++ ᷈ḻḙᶹḱᴻᶊᶃᵣᶅ ᵸᶪᶽḜḵᴻ᷅ᶆ ᶠᵮᵮᶩᶝᵸᴳ 

 

SYCL ᶇ C++ ᶍ ᵣ ᶱ ᵶᶅᵣᵾᵿᵰᶫᶏ ᵣᶆᵸ  G
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SYCL 2020 ᶎ ᷈ḻḜḭᴻḎᶸḻ᷅ᶊᵩᵰᶪḦᶹḳḁḐᴻḻᶆᵸᴳ ᶠᶅᴲᵡ

ᶨᶥᶪ ᶍḗᴻḑᶻᶼᶷᶱ ᶇᵸᶪᴲ ᶍ↨ ᵶᵾ ᶉ┌ סּ ᶉᶿᴻ

ḟḻᴴḁḇḻḈᴻḑᵫ ᵴᶫᶝᵶᵾᴳ ᶎᴲSYCL 2020 ᶱ ᵸᶪᵾᶠᶍ

ᶍ ╥ᵬ ᶆᵸ  G

 

᷈ḻḜḭᴻḇᴻᴴḗᴻḑᶻᶼᶷᶍ ᶎᴲ ᶆ ᶉ ᶱ ᵶᵾᵣᶇᵣ

ᵥḓᴻḂᶊᶧᶂᶅ ᵴᶫᶝᵸᵫᴲ ᵴᶲᶣ ᵾᶀᶍᶧᵥᶉḟḵ᷅ḱḦᴻᵫᴲ

ᵾᶀᶍᶷᶹḏᶷᶱ ᵶᴲ ᶉ ᶆ סּ ᶉḙḷᴻᶱ ᶆᵬᶪ ᶱ

ᶂᶅᵣᶉᵰᶫᶏᴲᵲᵥᵶᵾḗᴻḑᶻᶼᶷᶍ ᶎᶚᶇᶲᶈ ᶊ ᶀᶝᵺᶲᴳ ᵮᶘ

ᵬḗᴻḑᶻᶼᶷᶍ ᶎ ᵮᵡᶩᶝᵸᵫᴲᵼᶫᶨᶱ ᵸᶪ ᶍḅḲḭᴻ᷿ḯḻ

ᶎᴲ ╢≠טּ ᶊᶧᶪ ≥ ᶊ ᶱ ᵪᵹᶊ ᶟᵾᶠᴲᵶᶏᵶᶏ ᶍᶡ

ᶍᶆᵡᶪᵲᶇᵫᵡᶩᶝᵶᵾᴳᵶᵪᵶᴲ᷈ḻḜḭᴻḎᶸḻ᷅ᶍ ᶊᵩᵣᶅᴲ ᶊ

ᶎᴲᶿᴻḟḻᴴḅḝḐᶻᶼᶷᴴḁḇḻḈᴻḑᵫḗᴻḑᶻᶼᶷᶍ ᶱ ᵸᶪᵲᶇᶎ

ᵥᶝᶆᶡᶉᵮᴲ ᶍ᷈ḧḭḓḎᶸᴻᶇᶽ᷿᷈ḁḎḨᶍḲḅᴻḁᵫ ·ᶍḡḻḈᴻ

ᶧᶩᶡᶎᶪᵪᶊ ᵬᵣᵾᶠᴲ ᵫᵡᶨᶥᶪḗᴻḑᶻᶼᶷᶱ ᶇᵶᶅ᷈ᴻḑᶱ

ᶆᵬᶪᶿᴻḟḻᴴḁḇḻḈᴻḑᶇ ᶆᵬᵹᴲḡḻḈᴻḵḋ᷄ᶹḻᶊ ᶪ ᶇוֹ

ᶉᶂᶅᵣᶝᵸ  G

 

ᴲ ᶍḉᴻḨᶎᴲ ᶆ ᶡ ᵮ ᵴᶫᶅᵣᶪּש HPC ᷈ᴻḑ

ᶍ 1 ᶃᶆᵡ  ᶅGROMACS ᶍ ᶱ ᵷᶅᴲ ᶍ SYCL ᶽ᷿᷈ḁḎḨᶍ

ᶊ ᵸᶪᶇᵣᵥ ᵬᶉ ᶱ ᶅᵬᶝᵶᵾ G ᵾᶀᶍ᷈ᴻḑᶎᴲḱḋḟḐḋḟᵿ

ᵰᶆᶉᵮᴲ ᶍᵡᶨᶥᶪḁᴻḙᴻ᷈ḻḜḭᴻḇᴻᶆ ᶆᵬᶪ ᵫᵡᶩᶝᵸᴳ

ḙḝᶾᴻḦḻḁᶱ ᵥ ᶎᵡᶩᶝᵺᶲᵫᴲ ᵾᶀᵫ∟ ᵶᶅᵣᶪḱᶹḞḱḲᴻᶊ

ᶍḉᴻḨᵫ ᶱ ᵭᴲᶿᴻḟḻᴴ᷈ḻḙᶹḱᴻᵫ סּ ᶆᴲ ᶉ ᶱ

ᶆᵬᶪᴲᶧᶩ ᵬᶉ᷈ḧḭḓḎᶸᴻᶍ╗╢ᶆᵡᶪᵲᶇᶡ ᶆᵸᴳ ᶍ ∙

SƎYCL ᶎ᷈ḧḭḓḎᶸᴻᶊ ᵶᶝᵶᵾᴳ  
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ḡḻḈᴻᵫ ᵸᶪᵣᵮᶃᵪᶍ᷈ḻḙᶹḱᴻᶊּנᵧᶅᴲ ᶆᶎᵸᶘᶅᶍḗᴻḑᶻ

ᶼᶷᶱ ᶇᵸᶪ ᶉ᷈ḧḭḓḎᶸᴻ ᶍ 1 ᵫᵡᶩᴲ ᶆּך ᶡᶍ

ᵫ ᶱ ᵶᴲḐḴᴻḓḻ᷅ᴴᶹḡḻḐᶊ ᵶᴲḝᶾᴻḱḨᶊ ᵶᶅᵣנּ

ᶝᵸᴳθ ᴻḟḻḅᴻḁᶍ ᶫᵾ ᶎᴲᵼᶫᵫᶷḟḲ᷆ᴻ᷿ḯḻᴲ᷈ḻḙᶹḱᴻᴲᶿᴻ

ḟḻᴴḁḇḻḈᴻḑᶍᵣᵹᶫᶆᵡᶂᶅᶡᴲᵼᶍ ᶱ ᵶᶅ ᵶᴲ ᵶᴲ

ᶆᵬᶪᵲᶇᶆᵸᴳᵾᶀᵫᶹḻḎḳ ᶍ LLVM 2  ᶍ᷈ᴻḑᴲḗᶹḏḳḡḳ

᷅ ᶍ᷈ḧḭḓḎᶸᴻ ᶍ ᴲᵩᶧᶒᵼᶍ ᶍᵣᵮᶃᵪᶍ᷈ᴻḑᵪᶨ ᶩ

ᵶ ᶲᶆᵣᶪᶍᶇ ᵷᶧᵥᶊᴲ ᵾᶀᶍḙḞḲḋ᷄ᴴḲḥḀḐḲᴻ3  ᶱ ᵶᶅᴲ

ᶉ◖ ᶍ᷈ᴻḑḡᴻḁᶆ CUDA ᶇ SYCL ᶍ ᶱ ᵶᵾᶩᴲḓᴻḂ

ᶊ ᶮᵺᶅḅḲḭᴻ᷿ḯḻᶱ ᵸᶪᵲᶇᵫᶆᵬᶝᵸᴳᵼᵥᵸᶪᵲᶇᶆᴲ ᵾᶀᶍ

᷈ḧḭḓḎᶸᴻᶍᵴᶨᶉᶪ ᶊ ᵸᶪᵲᶇᶊᶉᶪᵪᶨᶆᵸᴳ 

 

≥ ᵪᶡᵶᶫᶝᵺᶲᵫᴲḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶇᵣᵥḙḱḈᶹḨᶎᴲḩḋḃ

ᴻḀᴴḙḋ᷿ḻ᷅ ᶣ ᶉḦḳḉḁḴḋḑᶉᶈ ᶍḅḲḭᴻ᷿ḯḻᶧᶩᶡ

ᶎᶪᵪᶊ ᶆᵸᵫᴲḗᴻḑᶻᶼᶷᶇ ᶉḏᴻḇ ᶊ ᶱ ᵣᵾ ᵣḙ

ḱḈᶹḨᶆּך ᶡ ᵳᵶᶅᵬᵾ ᵾᶀᶊᶇᶂᶅᶎᴲ ᶉ ᶱ ᵧᶨᶫᶝᵸᴳ

ᶆᵡᶫᶏᴲ ᶍḟḵḃḁ ᶆḏᴻḇᶱᶈᶍᶧᵥᶊ┌ ᵴᵺᶪᵪ ᶊ

ᵸᶪᶍᶎ ᶉᵲᶇᶆᵶᵾᵫᴲ ᵫ ᶍḮḓḋḐᶊᶝᶆ ᵸᶪᶇᴲḘ᷅

ᵫ ᵶᵾᶩᴲḗᴻḑᶻᶼᶷᵫᶷᶹḑḳ ᶆḏᴻḇᶱ ᵶᶉᵣᶧᵥᶉ ᶉ

ᶊᶎℓ ᵫ ᵣᶝᵸ  GSYCL ᶱ ᵶᵾḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶆᶎᴲʊḳ

᷉ḲḂḨ ᶍ ᶱ ᶊ ᵸᶪᵲᶇᶆᴲᵲᶍ ᶱ ᵶᶝᵸᴳᵼ

ᶍ ᵫ ᵸᶫᶏᴲ᷈ḻḙᶹḱᴻᶇḑḱᶹḘᴻᵫḏᴻḇ ᶇ ᶡᶍ

ḮḓḋḐᶊᶮᵾᶪḁ᷆Ḁḭᴻḳᶱᶚᶛ ᵶᶅᵮᶫᶝᵸᴳ ḏᴻḇ ḟḵ᷅ḱḧḻ

᷅ᶱ ᵴᵺᶪᶊᶎᴲ᷈ḻḜḭᴻḇᴻ ɵ1 ᶃᶍḟḵ᷅ḱḨᶱ ᵸᶪ ╗ᶍḮḓ

ḋḐᶇᵶᶅ ᵧᶪᶍᶆᶎᶉᵮᴲ ᵬᶉ ᶍ ᶱ ᵸᶪ ᵶᶅ ᵸᶪ

ḮḓḋḐᶍ ᶇᵶᶅ ᵧᶪᵲᶇᵫ ᶆᵸᴳ  

 

 

 

 
1 ḗᶹḏḳḡḳ᷄ ᶊᶧᶪ᷈ḧḭḓḎᶸᴻ ᶍ : tinyurl.com/ HeidelbergSYCL  
2  DPC++ ᷈ḻḙᶹḱᴻᴴḟḵḀᶼ᷄Ḑ: github.com/intel/llvm  
3  GROMACS:  gitlab.com/gromacs/gromacs/  

https://tinyurl.com/HeidelbergSYCL
https://tinyurl.com/HeidelbergSYCL
https://github.com/intel/llvm
https://gitlab.com/gromacs/gromacs/


 

 

xii  

 

 

ᶱᴲ ᵫ ᶍ ᶊ∟ ᵶᶉᵣᶷḳ᷉ḲḂḨᶇᵶᶅ ᶆᵬᶪ ᶩᴲᵾᶇ

ᵧᶏḏḘᶹḁ᷂ḭᴻᶱ ᵶᶅ GPU ᶆ ᵴᶫᶪ  for ḳᴻḟᶇᵶᶅ ᵸ

ᶪᶍᶎ ᶊᶎ ⌐ᶆᵸ  Gᵾᵿᵶᴲ ᶉ ᶆᶎᴲ ᵫḏḘᶹḁ ᶱ

ᶊ ᶆᵬᶪᶚᶈ ᵬᵮᶉᵣᵲᶇᵫ ᵮᴲᵡᶪᵣᶎ ᶍ ᶱ

ᶇᵸᶪ ᶆᶎᴲḏḘᶹḁḑḱᶹḘᴻᶍḴᶹḎḻ᷿ᴻᵫ ᶉḤḐḳḕḋ᷄ᶇᶉ

ᶩ ᶠᶝᵸ  G ᶎᴲḙḝᶾᴻḦḻḁᴴḥᴻḇḞḳᶉ GPU ḟḵ᷅ḱḧḻ᷅ ᵰᶍ

ᶫᵾ ᶆᵸᵫᴲᵼᶫᶊᶇᶈᶝᶨᵹᴲ ᶍᶷḟḲ᷆ᴻ᷿ḯḻᶆḁḳᴻḟḋḐ

ᶇḴᶹḎḻ᷿ᴻᶍ ᵫᵣᵪᶊ ᶆᵡᶪᵪSƎYCL ᶱ ᵶᶅ CPU GƎPUᴲ

SIMD ḮḓḋḐFƎPGA ᶍ ᶍ ᶱ ᵸᶪ ᶡ ᵶᶅᵣᶝᵸᴳᶝᵾᴲ

ᶫᵾḙḝᶾᴻḦḻḁᶱ ᶪᶊᶎᴲᵼᶫᵽᶫᶍḗᴻḑᶻᶼᶷᴴḇᶹḟᶍ ᶱ ᵶᴲ

ᶊꞌᵷᶅ᷈ᴻḑᶱ ᵸᶪ ᵫᵡᶪᶇᵣᵥ ≥ ᶡ ᶩ ᵱᶅᵣᶝᵸᴳ

ᵲᶫᶎ ᶊḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶊ ᵸᶪ ᶫᵾḉḭᴻḐḲᶷḳᶆᵡᶪᵿᵰᶆ

ᶉᵮᴲ ᶍ᷈ḻḜḭᴻḇᴻᴴḗᴻḑᶻᶼᶷᶍḟḵ᷅ḱḧḻ᷅ ᶊ ᵫᵡᶪ ᶉ

ᶨ╗ ᵸᶘᵬ ᶆᵬᶪḎ᷂ḁḐᶊᶡᶉᶩᶝᵸᴳ 

 

SYCL ᶍ ᶞᶍ 1 ᶃᶎᴲ ᶍ C++ ᶇᶍ ᶉ ᶆᵸ  G ᵲᶫᶎ╗

ᶊ ᵧᶪᵪᶡᵶᶫᶝᵺᶲCG++ ᶱ ᶊ ᵸᶪᶍᶎᴲ ⌐ᶉ ᶆᶎᵡᶩᶝᵺ

 ɸ( ᶍ ᶎ ᵪᶊᵼᵥᶆᵶᵾ)ᴳᵶᵪᵶRƎeinders ᶇ ᶎᴲ ᵾᶀᵫ

ᶚᶲᶍ ᵶ C++ ᶍ ᶱ ᶕᵿᵰᶆᴲ ᶍḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶊ ᶩ

ᶲᶆ ᶊᶉᶫᶪ ᶗᶇ ᵣᶅᵮᶫᶝᵸᴳᵶᵪᵶᴲ ᶱ ᶟᶊᶃᶫᶅᴲ

SYCL 2020 ᶆᶎ C++17 ᶍ ᶠᶅ ᶉ ᶇ ᶞ ᶮᵺᶅᴲᵴᶝᵵᶝᶉ

ḏḘᶹḁᶱ ᶊḇᴻ᷇ḋḐᶇᵸᶪ᷈ᴻḑᶱ ᵶᵾᶩᴲ│ᶉᶪḇḁ᷄ᶊ CPUᴲ

GPUᴲḕḋḐḷᴻ᷄ᴴḮḓḋḐᶱ ᶊ ᵸᶪ│ ᶊ∟ ᵶᵾᶩᶆᵬᶪ

ᶧᵥᶊᶉᶩᶝᵶᵾSGYCL ᶎᴲᶷ᷄ḃḱḴᴻḇᴻᶱ ᶊᵸᶪᵾᶠᶊ ᵶᵾנּ

ḅḲḭᴻ᷿ḯḻᶆᶎᶉᵮCƎ++ ᶆḏᴻḇᶍ ᶱ ᵸᶪ╗ ᶉ ᶇᶉᶪ

סּ ᶱ ᶠᶅᵣᶝᵸ SGYCL 2020 ᶊᶎᴲ ḩḪḲᴻᴲ᷊Ḟ᷅ḳᴻ

ḟᴲᶷḐḧḋ᷄ ᴲḲḈ᷿᷄ḯḻᴲ᷿ḻḟḳᶉᶷ᷄ḃ᷊ᴻᴲ᷈ᴻḑᶱ᷄Ḳᴻḻᶊᵸᶪ

ᵮᶍ ᶉᶈᴲ∙ ᶎḡḻḈᴻ ᶇᵶᶅᶍᶞ סּ ᶆᵡᶂᵾᵣᵮᶃᵪ

ᶍ ᵫ ᶝᶫᶅᵩᶩᴲ ᶇᴲ ᶉḗᴻḑᶻᶼᶷᶱḇᴻ᷇ḋḐᶇᵸᶪ᷈ᴻḑᶱ

ᵸᶪ  C++17 ᴲᶝᵾᶎ CUDA ᵪᶨᶍ┌ ᶍ ᵫ ⌐ᶊᶉᶩᶝᵸ  G 

 

 



 

 

xiii  

 

 

ᶎᴲᵼᶫᶨᵸᶘᶅᶊᶃᵣᶅ ᵪᶩ⌐ᵮ ᵪᶫᵾ ᶨᵶᵣ ᶆᵡᶩᴲ

C++ ᵫ ᶊ ᵸᶪ ᶆ SYCL ᵫᶈᶍᶧᵥᶊ ᵶᶅᵣᵮᵪטּ ᶕᵲᶇᶡᶆ

ᵬᶝᵸ  G

 

ᶊᶎ ᶨᵶᵣᶧᵥᶊ ᵧᶝᵸᵫSƎYCL ᶎ ᶊᶎᶈᶍ ┌ סּ

ᶆᵶᶦ ?v ᵾᶀᶍᶷḟḲ᷆ᴻ᷿ḯḻᶎᴲḏᴻḇᴴᶷ᷄ḃḁᴴḙḇᴻḻᵫḱḻḈḨ

ᶆᴲ ḁḎḋḟᶆ ᵸᶪḏᴻḇ ᵫ ᶨᶫᶅᵩᶩᴲ1 ᵡᵾᶩּך ᶡᶍ

ᶱ ᵸᶪ ᵫᵡᶩᴲḩḪḲᴻ ╓ ᴲ ᴲ ⱳ ᵸᶘᶅᶊ

ᵴᶫᶪᵾᶠᴲ ᵫטּ ᶊ ᵶᵣ᷈ᴻḑḡᴻḁᶍ ᶆᵸᴳᵲᶫᶎᴲ ᶉḏᴻḇ

ᶇᶎ ᶆᵸᴳ ᵾᶀᶎ 20 ∙ ᶊᶮᵾᶂᶅᴲᵴᶝᵵᶝᶉ GPU ᶷ

ᴻ᷂Ḏ᷄ḉḫᴻ ᵰᶍᶷḃḻḞḲ SIMD ᶇḕᶹḎᶸḞ ᶱ ᵶᶅᵬᶝᵶ

ᵾᵫ SƎYCL ᶇᶍ ᶍ ᵣᶆᶎᴲ┴ᵣᶊ ꞌᵸᶪᵲᶇᶇᴲḑḱᶹḘᴻᵩᶧᶒ᷈

ḻḙᶹḱᴻ ᶊḙḝᶾᴻḦḻḁᶍ ᶱזּ ᵸᶪᵲᶇᶍ ᶆ ᵶᶝᵶᵾᴳ  

 

ᵶᵪᵶ 2Ǝ023 ᶍ ᶆᶎᴲ ᵾᶀᶍ SYCL ᷀ᴻḕḳᶎᴲ ╗ᶍ᷈ᴻḑḡ

ᴻḁᵿᵰᶆᶉᵮᴲ ╗ᶍḟḲ᷈ḻḙᶹḳ ᶞḘᶹḒḲᴻᵪᶨᶆᶡᴲᵸᶘᶅᶍ GPU 

ᶷᴻ᷂Ḏ᷄ḉḫᴻᶆḕᶹḎᶸḞᴴḙḝᶾᴻḦḻḁᶍ 80 100% ᶱ ᶆᵬᶅᵣᶝ

ᵸ  G 

 

SYCL ᶎᶝᵿ ᵮᴲ ᶊ ᵸᶪᶽ᷿᷈ḁḎḨᶱטּ ᶂᶅᵣᶝᵸᴳ ᶇᵶᶅᶝ

ᵿ ᵴᶫᶅᵣᶉᵣᵣᵮᶃᵪᶍ ᶎ ᵶᶝᵸᵫSƎYCL ᶎ ᶍᵡᶨᶥᶪḗ

ᴻḑᶻᶼᶷᶱḇᴻ᷇ḋḐᶊ ᵶᵾᴲ ╗ᶍḙḝᶾᴻḦḻḁᴴḥᴻḇḞḳᶉ ᶇᵶ

ᶅ │ᶉ ᶆᵸᴳ ḟḵ᷅ḱḧḻ᷅ᶱ ᵶᵾᵣ ᴲḏᴻḇ ḟḵ᷅

ḱḧḻ᷅ᶊ ᶍᵡᶪ ᶉ ᴲᶝᵾᶎ 100,000 ᶍ ᶍ API ᷈

ᴻḑᶱᶿᴻḟḻᴴḁḇḻḈᴻḑᶊ┌ ᵸᶪ ᵫᵡᶪḩḻḎḒᴻᶆᵡᶂᶅᶡᴲᵲᶍ

 2 ᶎᴲᵲᶍ᷈ḧḭḓḎᶸᴻᶍ╗╢ᶊᶉᶪᵾᶠᶊ ᶉ ╗ᶍ ᶆᵸᴳ  

 

 

ᶽḲḋ᷄ᴴḲḻḈᴻḳ 

 

ḁḐḋ᷄ḣḳḨ  

ᴴ טּ  

שּ  

 

 

 



 

 

xiv  

 

 

 

 
 

 

ᵲᶍ  2 ᶆᶎᴲ᷈ḧḭḓḎᶸᴻᵪᶨ ᵮᶍᵳ≥ ᶱᵣᵾᵿᵬᶝᵶᵾᴳSYCL ᶱ

ᴲ᷄ḱḁᴲḉḭᴻḐḲᶷḳᴲḷᴻ᷿᷄ḯḋḟᴲ᷀ḻḝᶶḴḻḁᴲḗḋ᷀ḅḻᶆ ᵶ

ᶅᵣᶪ ᶇᶍ ᵪᶨᴲ ᵮᶍᶹḻḁḜḴᴻ᷿ḯḻᵫ ᶝᶫᶝᵶᵾᴳ ᶊᴲ

NVIDIA ḗᴻḑᶻᶼᶷᶱ  ɜSYCL ᶍ ᶎᴲᵲᶍ  2 ᶆᶍ SYCL ╔ᶊ

ᵩᵰᶪ ᶇ ᶉḚḻḐᶱ ᵸᶪᶍᶊטּ ᶂᶅᵣᶝᵸᴳ 

 

SYCL ᶍ᷈ḧḭḓḎᶸᴻᶎ ᵬᵮ ᵶᶅᵩᶩᴲ᷈ḻḙᶹḱᴻᶇḌᴻḳᶱ ᵸ

ᶪᶽḻḀḓᶷᶇᴲ ᶉḡḻḈᴻᶍḗᴻḑᶻᶼᶷᶱ ᶊ SYCL ᶱ ᵸᶪ

ᶉḮᴻ᷾ᴻ᷅ḳᴻḟᶆ ᵴᶫᶅᵣᶝᵸᴳ ᶨᶍ ᶇ ᵴᶫᵾ ᶊ

ᵶᶅᵣᶝᵸ  G

 

ᶝᵾᴲ ᶊ ᶉ ᶍ ᶊ ᶊ ᶩ ᶲᶆᵮᶫᵾ Khronos SYCL 

ḷᴻ᷂ḻ᷅᷅ḳᴻḟᶊᶡ ᵶᶝᵸᴳ ᶊRƎonan Keryell ᶎ SYCL ᶍ

ᶆᵡᶩᴲ ᶊᶮᵾ  ɭSYCL ᶱ ᶊ ᵶᶅᵬᶝᵶᵾ  G 

 

ᵾᶀᶎ SƎYCL ᷈ḧḭḓḎᶸᴻᵪᶨᵡᶨᶥᶪ ᶆḝᶸᴻḑḘḋ᷄ᶱ ᵺᶅᵮᶫ

ᵾ ᵮᶍ ·ᶊ ᵶᶅᵣᶝᵸᴳᶝᵾᴲ ᶊ ᶍ ᶊ ᵶᶅᵮᶫᵾ ·

ᶊᶡ ᵮ ᵶᶅᵣᶝᵸᴳᵼᶍ ᵴᶲᶎ ᶍ ᶍ ᶆᵩ ᶱ ᵴᵺᶅᵣ

ᵾᵿᵬᶝᵶᵾ  G

 

ᶆᶎ GitHub 4  ᶆḝᶸᴻḑḘḋ᷄ᶱ ᵰ ᶩᶝᵶᵾᴳḴḛḭᴻᶎᵶᶝᵶ

ᵾᵫᴲ ᵹᵶᶡᵸᵯᶊꞌ ᶆᵬᵾᶮᵰᶆᶎᵡᶩᶝᵺᶲᶆᵶᵾ (6 ᶍ ╢

ᵫᵆᵡᶉᵾᵫᵶᶝᵶᵾᶧᶌ?ᵇᶇ ᶂᵾᶇ ᵶᶅᵮᵿᵴ)rᴳ ᵾᶀᶎḝᶸᴻḑḘḋ

᷄ᵪᶨ ᵬᶉּג ᶱ ᵰᶅᵩᶩᴲᵲᶍ ᶍ᷊ḻḟḳᶇḎ᷂ḁḐᶆᵸᶘᶅᶍḝᶸᴻḑ

Ḙḋ᷄ᶊ ᶆᵬᵾᶇ ᵧᶅᵣᶝᵸᴳ ᶡ ᶊ᷈ḩḻḐᶱ ᵺᴲ ᵾᶀᶱ ᵰᶅ

ᵮᶫᵾᶍᶎ Jay Norwood ᶆᵶᵾᴳ ╗ JƎay ᶊ ᵪᶨ ᵶᶅᵣᶝᵸ  G 

 

 

 

 
4  github.com/apress/data - parallel - CPP  

https://github.com/apress/data-parallel-CPP
github.com/apress/data-parallel-CPP


 

 

xv  

 

 

ᵼᶍᶚᵪᶍḝᶸᴻḑḘḋ᷄ ᶊᶎOƎscar Barenys MƎarcel Breyer ᴲ

Jeff Donner LƎaurence Field MƎichael Firth PƎiotr Fusik VƎincent 

Mierlak JƎason Mooneyham ᵫᵣᶝᵸᴳᵲᵲᶊᵡᶉᵾᶍ ᵫᵡᶪᵪᶈᵥᵪ

ᶊ ᶮᶨᵹᴲḝᶸᴻḑḘḋ᷄ᶱ ᵶᴲSYCL ᶱ ᵶᵾ C++ ᶍ ᶍ ᶊ

ᵶᶅᵮᶫᵾᵸᶘᶅᶍ ᶊ ᵶᶝᵸ G

 

ᵲᶍ ᶆᶎᴲᵳᵮ ᶍ ·ᵫ ᶍּז ᵬᶱ ᶊ ᶞᴲ ᶉ≥ ᶱᵮ

ᶫᵾᵲᶇᶊ ᵪᶨ ᵶᶅᵣᶝᵸᴳ ᶊᶎAƎharon Abramson ᴲ

Thomas Applencourt RƎod Burns JƎoe Curley JƎessica Davies ᴲ

Henry Gabb ZƎheming Jin RƎakshith Krishnappa PƎraveen 

Kundurthy TƎim Lewis EƎric Lindahl GƎregory Lueck TƎony 

Mongkolsmai RƎuyman Reyes Castro AƎndrew Richards SƎanjiv 

Shah NƎeil Trevett ᴲᵩᶧᶒ סᴕᴣᴦᴗְᴅᴚᴕᴘỎᴪᴕᴦְᵫ ᶝᶫᶝᵸ  G

 

ᵾᶀᶎ ᴲּק ᶣ ᶍ᷊ḥᴻḐᶱ ᵰᶅᵩᶩᴲ ᵶᶅᶡᵶᵬᶫᶝᵺᶲᴳ

ᶇᵶᶅᴲ ᵾᶀᶎḉᴻḨᶇᵶᶅ ᵣᶊ ᵶ ᵣᴲ ᶊ ᶒᶉᵫᶨ ᶱ ᵶ

ᶲᶆᵬᶝᵶᵾᴳ ᶍ ᶊᵡᵾᶩAƎpress ḉᴻḨ ╢ᶇ ᶆᵬᵾᵲᶇᶊ

ᵶᶝᵸ  G

 

ᵲᶍ ḟḵḀᶼ᷄Ḑᶊ ᶉ ᶱᵴᶫᵾ ·ᶊᶡᴲ ᶉᵫᶨᵩ ᶱ

ᵱᶨᶫᶉᵪᶂᵾ ᶡ ᶉᵪᶨᵹ ᶨᶫᶪᵲᶇᶱ ᵶᶅᵩᶩᶝᵸᴳ ᵾᶀᶱ ᵰ

ᶅᵮᶫᵾᵸᶘᶅᶍ ᶊ ᵶᶝᵸ G

 

ᵲᶍ  2 ᶱ ᶲᶆᴲ ᵫ ᶃᵪᶂᵾ ᶎᵻᶑḝᶸᴻḑḘḋ᷄ᶱ ᵺᶅ

ᵮᵿᵴᵣ GGitHub  ᶍḝᶸᴻḑḘḋ᷄ᵪᶨ ᵫ ᶝᶩᴲ ᶊꞌᵷᶅᶿḻḱ

ᶹḻᶍ ᶇ ᶍ᷊ḻḟḳᵫ ᵴᶫᶝᵸ G

 

ᴲᵡᶩᵫᶇᵥᵳᵵᵣᶝᵸᴳ ᵫ ᶍ ᶩ ᶞᶊᵩᵣᶅᴲᵪᵰᵫᵧᶍᶉᵣ

╗ ᶇᶉᶪᵲᶇᶱ ᶂᶅᵣᶝᵸ G

 

 

 

 

 

 

 

 

  

https://github.com/apress/data-parallel-CPP
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ᶎ ┴ᵣᶉᵮּנ ᷈ḻḜḭᴻḎᶸḻ᷅ᶊ ᵶᶅᵣᶝᵸᴳ ᵫ ᶠᶪ

ᶗᶍ ᶱ ᵾᵸᵾᶠᴲּנ ᷈ḻḜḭᴻḎᶸḻ᷅ᶎᴲ ᶍḅḲḭᴻ᷿ḯ

ḻᶊ ᵶᶅ ᵣḙḝᶾᴻḦḻḁᶇ ᵴᶫᵾ ᶱ ᵸᶪᵲᶇᶆᴲ ᶉ

᷿ḧḭḴᴻ᷿ḯḻ ɥAI ᶉᶈᵴᶨᶊ ᵮᶍ ᶱ ᵶᶅᵣᶝᵸ G

 

ᴾ᷈ḻḜḭᴻḇᴻᴴᶷᴻ᷂Ḏ᷄ḉḫᴻᶍ ᵾᶉל ᴿ5  ᶱ ᵧᵾ ᴲ ḏ

Ḙᶹḁᶍ ᶊᶧᶂᶅᴲטּ ᵾᶀᶎ ᵬᶉḉḫḻḁᶊ ᵶᶅᵣᶝᵸᴳּנ ᷈ḻ

ḜḭᴻḎᶸḻ᷅ᶍ ᶱ ᶊ╥ᵬ ᵸᶊᶎᴲ ᶍḡḻḈᴻᶣᶷᴻ᷂Ḏ

᷄ḉḫᴻᶊ∟ ᵶᶉᵣḥᴻḇḞḳᶉḅḝḐᶻᶼᶷ ᵫ ᶆᵸᴳ 

 

SYCL ( ᷿᷄ḳᶇ ᶞᶝ )н ᶎᴲ ᶍ Khronos Group ᶆᵡᶩᴲ

C++ ᶊᶧᶪ ᶉḏᴻḇ ᶱ᷊ḥᴻḐᵶᴲּנ  (│ ) ᷿ḁḎḨᶱ ⱱ

ᵶᶝᵸ SGYCL ᶎ CƎ++ ᷈ḻḙᶹḱᴻᵫּנ  (│ ) ᷿ḁḎḨᶱ ᵸᶪḩ᷀

ḓḂḨᶱ ᵶᴲ ᶍ C++ ᵩᶧᶒ C++ ḛḳḑ᷿ḁḎḨᶇ ᵣ ᶱוֹ

ᵶᶝᵸ SGYCL ᶎּךᵪᶍ ᶆᶎᶉᵮᴲ ᶉᶪ ᶆᵸ G

 

 

 

 

 

 
5   A New Golden Age for Computer Architecture  by John L.  Hennessy, David 

A.  Patterson; Communications of the ACM, February 2019, Vol. 62 No. 2, Pages 

48 - 60  G

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_1 

 

https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/abstract
https://doi.org/10.1007/978-1-4842-9691-2_1


 

 

2  

 

 
 

נּ ᶇ│  

 

ᵲᶫᶨᶍ ᶎḃḋḐᶆ ᵴᶫᶝᵸᴳ│  (ḠḎḵḀḓᶷḁ) ᶇᶎᴲ

│ᶉᶪ ᶆḟḵ᷅ḱḨᵴᶫᵾ ḏḘᶹḁᶍ ᶞ ᶮᵺᶱ ᶠᶪ

ᶉ ᶆᵸᴳּנ ᵲᵼᵫᴲ᷿ḁḎḨᶣḟḵ᷅ḱḧḻ᷅ᶱ ᶊᵸᶪ ╣

ᶆᵸᵫ Ǝּנ ᵫ ᵴᶫᶪᵲᶇᶎ ᵶᶅᵡᶩᶝᵺᶲᴳ│ ᷿ḁḎḨᶍ

ḟḵ᷅ḱḧḻ᷅ᶎᴲ ᵶᵮ ᶮᶫᵾ ᶊᶍᶞᶷḟḲ᷆ᴻ᷿ḯḻᶱּנ ᵴ

ᵺᶝᵸᴳ ᶎᵼƎᶍ ᵶᵣ ᶱ ᵧᶅᵮᶫᶝᵸ G

 

 

SYCL ᶱ ᵶᵾ C++ ᶍḏᴻḇ ᶊᶧᶩᴲ ᶍּנ  (│ ) ᷿ḁ

ḎḨ ᶍᵸᶘᶅᶍ ḏḘᶹḁᶊᶷ᷄ḃḁᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ ╗ᶍ C++ 

ᶷḟḲ᷆ᴻ᷿ḯḻᶎGƎPU CƎPU FƎPGAᴲ ᵰ  (ASIC) ᶉᶈᴲ

ᶉ ᶊ ᵶᵾḏḘᶹḁᶍ ᶞ ᶮᵺᶱ ᶆᵬᶝᵸᴳ ᶍ ╗ḡḻḈ

ᴻᴴḅḲḭᴻ᷿ḯḻᶆᶎᴲᵲᶫᶚᶈᶍ ᶱ ᶆᵬᶝᵺᶲᴳ 

 

ᶆᶎ SƎYCL ᶱ ᵶᵾ C++ ᶊᶧᶪḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶊᶧᶂᶅᴲ

נּ ᷈ḻḜḭᴻḎᶸḻ᷅ᶱ ᵸᶪ ᶱ ᵧᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍḙḝᶾᴻḦ

ḻḁᴲ ḏḘᶹḁ ᶍ┌ ᴲᵼᵶᶅḟḵ᷅ḱḦᴻ ᶍ ᶍḘḱḻḁᶱ

ᶠᶪ ᶉᶷḑḘᶹḁᶱᶡᵾᶨᵶᶝᵸᴳᵲᶍ ᶆᶎᴲḏᴻḇ ᶱ ᵶᶅ 

C++ ḟḵ᷅ḱḨᶱ ᵸᶪטּ ᶊ ᵧᶅᵩᵮᶘᵬ ᶉ ᶉᶈ ᶇᶉᶪ

ᶊᶃᵣᶅ ᵸᶪᵲᶇᶆ ᶱ ᵸᶪ ᶱ ᵬᶝᵸ  G 

 

 

ᶆᶎᶉᵮ ᶱ  
 

ᴾ ᶱ ᶲᶆᵮᵿᵴ !r  Rᶇ ᶮᶫᶅ ᶕ ᶎᵣᶉᵣᶆᵶᶦᵥG ╗ ᶊ ᶎ

ᶞᶊᵮᵮ SƎYCL  (www.khronos.org/sycl/  (♣ )) ᶡ ᶆᶎᵡᶩ

ᶝᵺᶲᴳχ ᶨᶥᶪ ᶫᵾ ᶇ ᶊᴲ ᶊ ᶞᴲ ᵰᶣ ᴲ

╔ᶊᶃᵣᶅᶎ ᶊ⅛ᶮᶫᶅᵣᶝᵸᴳ ᶎSƎYCL ᶇ C++ ᷈ḻḙᶹḱᴻᶍ

ᵣ ᶱ ᵧ  ᶅᴾ ᷁ᶹḑᴿ ᶆᵸ  G

 
 

http://www.khronos.org/sycl/
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╗ ᶊᵸᶘᶅᶱ ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳᵶᵾᵫᶂᶅᴲᵲᶍ ᶆᶎ ᶍ ᶊᶎ

ᶉᵣᶡᶍᶱ ≥ᵶᶅᵣᶝᵸᴳ ᶊᶎᴲ ᶍ ᶝᶆ ᵴᶫᶉᵣḟḵ᷅ḱḧḻ᷅

ᵫ ᶝᶫᶅᵣᶝᵸᴳ  1 ᶍ᷈ᴻḏᶸḻ᷅ ᶱ ᶊ ᵸᶪᵲᶇᶊᵲᵿᶮᶨᵹᴲ

ᵫ ᶟᵳᶇᶊ ᵫ ᶝᶪᵲᶇᶱ ᵷᶝᵶᶦᵥᴳ 

 

 

SYCL 2020 ᶇ DPC++  
 

ᶆᶎ SƎYCL 2020 ᶱ ᵶᶅ C++ ᶱ ᵶᶝᵸᴳ ᶍ ᶍ ᶎ 

SYCL 2020 ᶊ ᵶᶅᵣᵾᵾᶠᴲᵲᶍ ᶊᶎᴲḠḋḈᴻḝᶶᶹḳᶍ 

(CL ᶆᶎᶉᵮ sycl) ᴲḏḘᶹḁḃḴ᷄ḇᴻ ᶍ ᴲ ᶉḣḁḐḏḘᶹḁᶍ

ᶉᶈᶍ ᵫ ᶝᶫᶅᵣᶝᵸ  G

 

DPC++ ᶎ LƎLVM ᶊ ᶄᵣᵾᶿᴻḟḻḅᴻḁᴴ᷈ḻḙᶹḱᴻᴴḟḵḀᶼ᷄Ḑᶆ

ᵸ SGYCL ᵫ ᶊ LLVM ᷈ḧḭḓḎᶸᴻᶊᶧᶂᶅḏḝᶾḳḐᶆ᷊ḥᴻḐᵴᶫᴲ

DPC++ ḟḵḀᶼ᷄Ḑᵫᵼʟ ᶊ ᵸᶪᵲᶇᶱ ᶂᶅᵣᶝᵸDGPC++ ᷈ḻḙᶹ

ḱᴻᶎ GƎPU CƎPU FƎPGA ᶱ ᶟ ᵣ│ ḏḘᶹḁᶍ᷊ ḥᴻḐᶱ ᵶᶝᵸᴳ

ᶊ ᵸ᷊ḻḟḳ᷈ᴻḑᶎDƎPC++ ᷈ḻḙᶹḱᴻᶆ ᵶɕ ᵸᵫ SƎYCL 

2020 ᶱ᷊ḥᴻḐᵸᶪ ᶍ C++ ᷈ḻḙᶹḱᴻᶆᶡ ᵸᶪᶎᵹᶆᵸ G

ᶍ ᶍ ᶱ ᶟᴲ ᶍ SYCL ᶍ ᶉḲḅᴻḁᶊᶎᴲ ᶍ 

Github (https://github. com/Apress/data - parallel - CPP)  (♣

) KƎhronos Group ᶍ SYCL  Web ᷊ᶹḐ 

( www.khronos.org/sycl )  (♣ )ᴲᵩᶧᶒ ᶉ SYCL ╔ Web ᷊ᶹḐ 

( https://sycl.tech )  (♣ ) ᶉᶈᵫᵡᶩᶝᵸ  G

ᶆᶎ SƎYCL 2020 ᶊ ᶊ ᴲᶝᵾᶎ ᵶᶅᵣᶪᶇ ᵸ

ᶪ C++ ᷈ḻḙᶹḱᴻᶎᵡᶩᶝᵺᶲᴳ6  ᶊ ᵸ᷈ᴻḑᶎ DƎPC++ ᷈ḻḙᶹḱ

ᴻᶆ ᵶ SƎYCL 2020 ᶍ ᵫ ᵴᶫᶅᵣᶪ ᶍ C++ ᷈ḻḙᶹḱᴻ

ᶆᶡ ᵸᶪᶎᵹᶆᵸ  G ᶆᶎᴲ  C++ ᶇ SYCL 2020 ᶍᶞᶱ ᵶᶝ

ᵸ  G 

 

 
6  : ᶹḻḎḳᶎᴲᶹḻḎḳ® oneAPI DPC++/C++ ᷈ḻḙᶹḱᴻᶍ 2024.1 ḲḲᴻḁᶆ SYCL 

ᶱ ᵶᵾ ᶍḡḻḈᴻᶊᶉᶩᶝᵶᵾ ( https://www.isus.jp/products/c -

compilers/pu56 - 06/ )  G

https://github.com/Apress/data-parallel-CPP
https://github.com/Apress/data-parallel-CPP
https://www.khronos.org/sycl
https://sycl.tech/
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ᵾᵿᵶᴲ  17  (FPGA ᵰḟḵ᷅ḱḧḻ )᷅ ᶆ ᶊ ᵸ ᶍ DPC++ 

ᶍ ᴲḴḡḳḄḵᴴḘḋ᷄ᶽḻḑ ᶍ 20  (Ḙḋ᷄ᶽḻḑ

◖ )ᴲᵩᶧᶒ ᶱ ᵷᶪᶽḜḵᴻ᷅ᶆᶎ ᶊ ᵶᶝᵸᴳ 

 

 

ᶉᵻ CUDA ᶆᶎᶉᵣᶍᵪ§ 
 

CUDA ᶇᶎ│ᶉᶩ SƎYCL ᶎᵸᶘᶅᶍḡḻḈ ᶇᴻᵸᶘᶅᶍḇᶹḟᶍᶷᴻ᷂Ḏ᷄ḉ

ḫ  ᴻ(GPU ᵿᵰᶆᶉᵮ) ᶍ C++ ᶆᶍḏᴻḇ ᶱ᷊ḥᴻḐᵶᶝᵸᴳ

CUDA ᶎ NVIDIA GPU ᶍ᷊ḥᴻḐᶍᶞᶊ ᶱ ᵣᶅᵩᶩᴲ ᶍḡḻḈᴻᶊ

ᶧ  ᶅGPU ᶆᶍ ᶍ ᶩ  ð(HIP/ROCm ᶉᶈ) ᶎᴲ ᶉ ᶇ

ᵫᵡᶪᶊᶡᵪᵪᶮᶨᵹ ᵼƎᶍּס ᶎ ᶨᶫᶅᵣᶝᵸᴳᶷ᷄ḃḱḴᴻḇᴻᶍᶷᴻ

᷂Ḏ᷄ḉḫᴻᵫ ᵸᶪ ᴲᵲᶍ ᶱ ᵶᴲCUDA ᵫ ᵶᶅᵣᶉᵣ┌

ᶱ ⱱᵸᶪḦḳḉḡḻḈ /ᴻḦḳḉᶷᴻ᷂Ḏ᷄ḉḫᴻᴴᶷḟḵᴻḉᶱ ᶆᵬᶪ

ᶍᶎ SYCL ᵿᵰᶆᵸ  G 

 

ᵲᶍ ᶱᶧᶩ ᵮ ᵸᶪᶊᶎᴲ ᶍ ᶆᵡ ᶅJohn L. 

Hennessy ᶇ David A. Patterson ᶊᶧᶪᴾ᷈ ḻḜḭᴻḇᴻᴴᶷᴻ᷂Ḏ᷄

ḉḫᴻᶍ ᵶᵣל  R(♣ ) ᶱ ᶟᵲᶇ (ᶝᵾᶎ ᶨᶍ ᶨᵶᵣ ⱳᶍḛ

ḏᶿ ᶱ ᶪᵲᶇ) ᶱ ᵮ ᵶᶝᵸ  Gᵲᶫᶎ ᶍ ᵿᶇ ᵾᶀᶎ ᵧᶅ

ᵣᶝᵸ  G

 

 21 ᶆᶎ SƎYCL ᶱ ᵶᶅ CUDA ᵪ  ʝC++ ᶊ᷈ᴻḑᶱ┌ ᵸᶪ

ᶊ ᶃḐḜḋ᷄ᶱ ᶩ ᵱᶅᵣᶪᶚᵪCƎUDA ḟḵ᷅ḱḧḻ᷅ᶍ ᵫ

ᶣ ᶍ┴ᵣᶱ ᵸᶪ ᶆ ᶀᶝᵸ CGUDA ᶱ ᶪ ᶡ ᶉ ᶎᴲ

SYCL ᵫ ᶍḡḻḈᴻᴲ ᶍᶷᴻ᷂Ḏ᷄ḉḫ ᴻ(GPU ᵿᵰᶆᶉᵮ)ᴲᵩᶧᶒ

ᵷḏḘᶹḁᶊ ᵶᶅᶡ ᶍḘḋ᷄ᶽḻḑᶱ᷊ḥᴻḐᶆᵬᶪᵲᶇᶆᵸᴳᵲᶍ

ᶎᴲᴾᶉᵻ CUDA ᶆᶎᶉᵣᶍᵪ?  Rᶇᵣᵥ ᶊ ᵧᶝᵸ  G

 

SYCL ᶆᶎ CƎUDA  ɥHIP ᶇ ᶘᶅᶿᴻḘᴻḠḋḑᶎ ᵮᵡᶩᶝᵺᶲG ᵲᶫ

ᶎ ḴᶹḬᴻᶆᶎᶉᵮᴲḡḻḈᴻᶣᶷᴻ᷂Ḏ᷄ḉḫᴻᶊ ᶉᵮᵸᶘᶅᶍḏḘ

ᶹḁᶊᶿᴻḟḻᶆᵡᶩᴲ ᶊ ᶍ C++ ᶊ ᵸᶪ ᶉᶷḟḵᴻḉᶆᵸᴳ

OpenMP ᶣ OpenCL ᶉᶈᶿᴻḟḻᶉḦḳḉḡḻḈᴻᵩᶧᶒḦḳḉᶷᴻ᷂Ḏ᷄

ḉḫᴻ ᶇ ᶊᴲ ᶉ ᶎᴲ ᶊ ᶆᵡᶫᶏḗᴻḑᶻᶼᶷ ᶍ

ᶊᶷ᷄ḃḁᵸᶪᶿḟ᷿ḯḻᶱטּ ᶟ ᶊᵡᶩᶝᵸᴳ 

 

https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/abstract
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/abstract
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 C++ ᶇ SYCL ᶆᵡᶪ  
 

ᶩ ᵶᶝᵸᵫ SƎYCL ᶱ ᵸᶪᵸᶘᶅᶍḟḵ᷅ḱḨᶎᴲᶝᵹ 1 ᶊ C++ ḟ

ḵ᷅ḱḨᶆᵸ SGYCL ᶎ C++ ᶍ ᶊ∟ ᵶᶝᵺᶲ SGYCL ᶎ SƎYCL ᶉ

ᵶᶆᶎ ᶆᵬᶉ  rC++ ḟḵ᷅ḱḧḻ᷅ᶱ ᵶᶝᵸ Gּנ ᷈ḻḜḭᴻḎᶸ

ḻ᷅ ᵰᶍᵸᶘᶅᶍḟḵ᷅ḱḧḻ᷅ᵫ C++ ᶱ ᶟ ᶊ☼ ᵸᶪᵲᶇᶎ

┴ᵣᵡᶩᶝᵺᶲᵫ CƎ++ ᵫᵸᵯᶊ SYCL ᶱ ᶇᵶᶉᵮᶉᶪᶚᶈ ᵸᶪטּ

ᶇᶎ ᵧᶅᵣᶝᵺᶲ SGYCL ᶊᶎᴲ᷄ḱḁᶱ ᵷᶅ C++ ᶱ ᵸᶪ ᶉ

ᶇᴲḦḳḉḡḻḈᴻᵩᶧᶒḦḳḉᶷᴻ᷂Ḏ᷄ḉḫᴻᶍ᷊ḥᴻḐᶊ ᵸᶪ ( ᵸᶆ

ᶊ ᵸ )ᶅ ḓᴻḂᶱ ᵾᵸᶍᶊ ᶉ ᵶᵣ᷈ḻḙᶹḱᴻ ᶉᶈ ᶉ᷊ḥ

ᴻḐᵫ ᶆ ᵴᶫᶅᵣᶝᵸ  G

 

 

SYCL ᶱ᷊ḥᴻḐᵸ  ᶅC++ ᷈ḻḙᶹḱᴻᶍ   
 

ᶍᵸᶘᶅᶍ ᶎ DƎPC++ ᷈ḻḙᶹḱᴻᶍᵴᶝᵵᶝᶉḏᶸḁḐḲḛḭᴻ᷿ḯḻ

ᶆ᷈ḻḙᶹḳᵩᶧᶒ ᵶSƎYCL ᶱ᷊ḥᴻḐᵸᶪ ᶍ C++ ᷈ḻḙᶹḱᴻᶆᶡ᷈

ḻḙᶹḳᶆᵬᶪᶎᵹᶆ  н( www.khronos.org/sycl  ᶍ SPYCL Compilers 

in Development  R( ᶍ SYCL ᷈ḻḙᶹḱ )ᴻ ᶱ )ᴳ ᶆ 

DPC++  ᶍ ᵫ ᵴᶫᶅᵣᶪᶍᶎᵳᵮᶮᵹᵪᶆᵡᶪᵾᶠᴲ ≥ᵶᶅ

ᵶᶅᵣᶝᵸ  G

 

ᶎ DƎPC++ ᷈ḻḙᶹḱᴻᶇ ᵣ ᶊᵡᶪᶉᶈᴲᵴᶝᵵᶝᶉ ᵪ  ʝ

DPC++ ᷈ḻḙᶹḱᴻᶱ ᵶᶅᵣᶝᵸDGPC++ ᶎ SƎYCL ᶱ᷊ḥᴻḐᵸᶪᶿ

ᴻḟḻḅᴻḁᶍ᷈ḻḙᶹḱᴻᴴḟḵḀᶼ᷄ḐᶆᵸᴳLLVM ᶱ ᵸᶪᵲᶇᶆᴲ

DPC++ ᷈ḻḙᶹḱᴻᴴḟḵḀᶼ᷄Ḑᶎ ᶍḏḘᶹḁᶍḘḋ᷄ᶽḻḑᶊᶷ᷄ḃḁ

ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳᶆᶊᶹḻḎḳ GPU NƎVIDIA GPU AƎMD GPU ᴲ

ᶍ CPUᴲᶹḻḎḳ FPGA ᶍ᷊ḥᴻḐᵫ ᵶᶅᵣᶝᵸᴳ ᶍḡḻḈᴻᶇ

ᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶊ ᵸᶪ᷊ḥᴻḐᶱᶿᴻḟḻᶊ ᵩᶧᶒ ᶆᵬᶪᵾᶠᴲטּ

LLVM ᶎ SYCL ᶱ᷊ḥᴻḐᵸᶪᶿᴻḟḻḅᴻḁᶍ ᶩ ᶞᶊ ᶉ ᶆᵸᴳ 

 

ᶍḌᴻḳᶇḱᶹḞḱḲᴻᵫנּ ᵴᶫᵾ DPC++ ᷈ḻḙᶹḱᴻᶍḏᶸḁḐḲ

ḛḭᴻ᷿ḯḻᵫᵡᶩᴲḱᶹḞḱḲᴻᴲḏḘḋ᷁ᴻᴲᵩᶧᶒᵼᶍ ᶍḌᴻḳᶱ ᶟ│

᷿ḁḎḨᶍ᷊ḥᴻḐᶱ ᵸᶪ ᶉḟḵḀᶼ᷄Ḑ (oneAPI ḟḵḀᶼ᷄Ḑᶇ

ᶏᶫ )ᶅ ᶍ╗ ᶇᵶᶅ ᶆᵬᶝᵸ  G 
 

https://www.khronos.org/sycl
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DPC++ ᷈ḻḙᶹḱᴻᶱ  ɜoneAPI Ḍᴻḳᶎ ᶆ ᶆᵬᶝ  н

( www.oneapi.io/ implementations  (♣ ) )  G

 
1. #include  <iostream>  

2. #include  <sycl/sycl.hpp>  

3.  using  namespace  sycl ;  

4.  

5.  const std ::string secret{  

6.  "Ifmmp - !xpsme \ " \ 012J(n!tpssz - !Ebwf/!"  

7.  "J(n!bgsbje!J!dbo(u!ep!uibu/!.!IBM \ 01" };  

8.  

9.  constauto sz = secret . size ();  

10.  

11.  int  main () {  

12.    queue  q;  

13.  

14.   char * result = malloc_shared <char >(sz, q);  

15.    std :: memcpy(result, secret . data (), sz);  

16.  

17.    q. parallel_for (sz, [=]( auto& i ) {  

18.      result [i] - = 1;  

19.  }). wait ();  

20.  

21.    std ::cout << result << " \ n" ;  

22.     free (result, q);  

23.     return  0;  

24.  }  

 
 1- 1.  ᵲᶲᶊᶀᶎᴲḏᴻḇ ḟḵ᷅ḱḧḻ᷅ 

 

 

Hello, World! ᶇ SYCL ḟḵ᷅ḱḨᶍ  
 

 1-1 ᶊ ᶉ SYCL ḟḵ᷅ḱḨᶱ ᵶᶝᵸᴳ᷈ḻḙᶹḳᵶᶅ ᵸᶪᶇ ᶍ

ᶧᵥᶉ ᵫוֹ ᵴᶫᶝ :н 

 

Hello, world! (ᵼᵶᶅᴲ ᵶᶅ ᶆᵬᶪ ᶍḎ᷂ḁḐᵫχנּ ᶩᶝн )  

 

 4 ᶍ ᶮᶩᶝᶆᶊᴲᵲᶍ ᶱ ᶊ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ  

ᵼᶫᶝᶆᶎᴲᵸᶘᶅᶍ SYCL ᶱ ᵸᶪᶍᶊ ᶉ  

<sycl/sycl.hpp>  ḝᶶᶹḳɵ  include   (  2) ᶆ ᵶᶝᵸᴳᵸᶘᶅᶍ 

SYCL ᶎ sƎycl  ᶊᵡᶩɕ ᵸ  G

 

https://www.oneapi.io/implementations/
https://www.oneapi.io/implementations/
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 ɯ 3 ᶍ ᶊᶧᶩ sƎycl::  ᶱּך ᶡ ᵸᶪ ᵫᶉᵮᶉᶩ

ᶝᵸ  G

 

 ɯ 12 ᶆᶎᴲ ᶍḏḘᶹḁ ᶍḷᴻ᷄ ᷂ḭᴻᶱᶹḻḁḇḻ

ḁּטᵶᶝ  н(  2 )  G

 

 ɯ 14 ᶎᴲḏḘᶹḁᶇ ᵴᶫᶪḏᴻḇᶍ ᶩ ᶅᶱ ᵶᶝᵸ 

(  3 )  G

 

 ɯ 15 ᶆᶎᴲ ᶍ ᶱḏḘᶹḁḩḪḲᴻᶊ᷈Ḝᴻᵶᴲ᷀ᴻ

ḕḳᶊᶧᶂᶅ ᵴᶫᶝᵸ  G

 

 ɯ 17 ᶆᶎᴲḏḘᶹḁᶊ ᶱ᷂ḭᴻᶊ ᵶᶝᵸ (  4 )  G

 

 ɯ 18 ᶎᴲḏḘᶹḁ ᶆ ᵴᶫᶪ ╗ᶍ᷈ᴻḑ ᶆᵸᴳᵼᶍ

ᶍᵸᶘᶅᶍ᷈ᴻḑᶎḣḁḐ (CPU) ᶆ ᵴᶫᶝᵸ  G

 

18 ᶎᴲḏḘᶹḁ ᶆ ᵸᶪ᷀ᴻḕḳ᷈ ᴻḑᶆᵸᴳᵲᶍ᷀ᴻḕḳ᷈ᴻḑᶎ 1 

ᶱ ᵶᶝᵸ pGarallel_for()  ᶊᶧᶩᴲ᷀ᴻḕḳᶎ ᶍ ᶍ

ᶊ ᵶᶅ ᵴᶫᴲ ᶍוֹ ᶊḏ᷈ᴻḑᵴᶫᶝᵸᴳ ᶉḷᴻ᷄ᶍ ᵰᶎ

ᶉᵮ pƎarallel_for  ᵫḷᴻ᷄ᶱ᷂ḭᴻᶊ ᵸᶪᶇᴲḩᶹḻḟḵ᷅ḱḨᶇᶎ

ᶊ ᵴᶫᶝᵸᴳᵲᶍ ᶆᶎ ᶉ  ( ḩḪḲᴻᴲ  6 ) ᶱ

ᵶᶅᵣᶪᵾᶠᴲ ᶱוֹ ᵸᶪ ᶊ᷀ᴻḕḳᶍ ᶱ  (19 ) ᵸᶪ

ᵫᵡᶩᶝᵸᴳ ᵶᶉᵣᶇᴲᵸᶘᶅᶍ ᵫ ᵴᶫᶪטּ ᶊ ᵴᶫᶪּס

ᵫᵡᶩᶝᵸᴳ ᵸᶘᵬᵲᶇᶎᶝᵿᵡᶩᶝᵸᵫᴲᵼᶫᶎ ᶍ ᶆ⅛ᵥᵲᶇᶊᵶᶝᵸᴳ 

 

 

᷂ḭᴻᶇᶷ᷿᷄ḯḻ 
 

 2 ᶆᶎ᷂ḭᴻᶇᶷ᷿᷄ḯḻᶊᶃᵣᶅ ᵶᵮ ᵶᶝᵸᵫᴲᶝᵹ ᶉ ᵪᶨ

ᶠᶝᵶᶦᵥᴳ᷂ḭᴻᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫḏḘᶹḁ ᶆ ᵸᶪḷᴻ᷄ᶱ ᶆ

ᵬᶪ ╗ᶍ ᶆᵸᴳ᷂ḭᴻᶊ ᶆᵬᶪᶷ᷿᷄ḯḻᶊᶎᴲ 

(a) ᵸᶪ᷈ᴻḑᶇ (Ǝb) ḩḪḲᴻ ᶍ 2 ᶃᵫᵡᶩᶝᵸ  G 

 

ᵸᶪ᷈ᴻḑᶎ sƎingle_task  ᶣ parallel_for  (  1-1 ᶆ ) ᶆ

ᵴᶫᶝᵸ ḩGḪḲᴻ ᶎᴲḣḁḐᶇḏḘᶹḁ ᶍ᷈Ḝᴻ ᴲᶝᵾᶎḩḪḲᴻᶱ

ᵸᶪḝᶸḳטּ ᶱ ᵶᶝᵸ G 
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ᶊ ᶮᶫᶪ∙ ᶊ ᵫ ᶉ ᶊᶍᶞᴲḩḪḲᴻ ᶱ ᵶᶝᵸᴳ

ᵲᶫᶨᶊᶃᵣᶅᶎᴲ  2 ∙ ᶆ ᵶᵮ ᵶᶝᵸ Gᵲᵲᶆᶎᴲ᷂ḭᴻᶎḏḘᶹḁ

ᶊ᷈Ḧḻḑᶱ ᵸᶪ ᶆᵡᶩᴲ᷈ᴻḑᶍ ᶣḏᴻḇᶍ┌ ᶍᵾᶠƎ᷂ ḭᴻᶊ

ᶆᵬᶪ╗ ᶍᶷ᷿᷄ḯḻᵫᵡᶪᵲᶇᶱ ᵶᶅᵩᵮ ᵫᵡᶩᶝᵸᴳ ᵴ

ᶫᵾᶷ᷿᷄ḯḻᶎ ᵺᵹᶊ᷂ḭᴻᶊ ᵴᶫᶪᵲᶇᶱ ᵸᶪᵲᶇᶡ ᶆᵸᴳ

ḣḁḐᶎᶷ᷿᷄ḯḻᶱ᷂ḭᴻᶊ ᵶᵾ ᴲḟḵ᷅ḱḨᶍ ᶱ ᵶᶝᵸᵫᴲḏ

Ḙᶹḁᶎ ᶊᴲ᷂ḭᴻᶱ ᵶᶅ ᵴᶫᵾᶷ᷿᷄ḯḻᶱ ᵶᶝᵸᴳ  

 

᷂ḭᴻᶎḏḘᶹḁᶇ  

 

ḷᴻ᷄ᶇḏᴻḇ┌ ᶱ ᵸᶪᵾᶠᴲ᷂ḭᴻᶊᶷ᷿᷄ḯḻᶱ ᵶᶝᵸᴳ 

ᶷ᷿᷄ḯḻᶎ ᶊ ᵶᶝᵸᴳ 

 

 

ᵸᶘᶅᶎ ᶊᵪᵪᶂᶅᵣ  ᶅ
 

C++ ᶊᵩᵰᶪḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶎᴲ ᵫᵸᶘᶅᶆᵡᶪᵾᶠᴲᶝᵹ

ᵲᶍ ᶉ ᵪᶨ ᶠᶝᵸᴳ ḟḵ᷅ḱḧḻ᷅ᶍ ᶎᴲּךᵪᶱᶧᶩ ᶊ

ᵸᶪᵲᶇᶆᵸᴳᵲᶫᶊᶎḁƎḳᴻḟḋḐᶍ ᶇḴᶹḎḻ᷿ᴻᶍ ᶇᵣ  v2 

ᶃᶍ ᵫᵡᶩᶝᵸ  G

 

ḁḳᴻḟḋḐ 

 

ḟḵ᷅ḱḨᶍḁḳᴻḟḋḐ ᶎᴲ╗ ᶍ ᶊᶧᶩ ᵮᶍḷᴻ᷄ᶱ ᶆᵬ

ᶪᶧᵥᶊᶉᶪᵲᶇᶆ ᵶᶝᵸᴳḙᶹḟḱᶹḻ ᶉᶈᶍ ᶆᶎᴲḷᴻ᷄ᶍ

ᵫּס ᶊᶉᶩᴲ ∞ ᵡᵾᶩᶍḷᴻ᷄ ᵫ ᵧᶪᵾᶠᴲ ╗ḷᴻ᷄ ᶍ

ᶊ ᶉ ᵫ ᵮᶉᶪᵲᶇᵫᵡᶩᶝᵸ G 
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ᵾᶀᶎ ᶱᵸᶪᶇᵬᵲᶫᶊᶧᵮ ᵶᶝᵸᴳḷᴻ᷄ᶱ ᵸᶪᵲᶇ ᶊ

ᶍᶿᴻḘᴻḠḋḑᵫ ᵣᴲ ᵮᶍ ᴲ ╗ᶍḷᴻ᷄ᶱ ᵸᶪᶍᶊ ᵸᶪ

ᵫ ᵮᶉᶩᶝᵸᴳᵶᵪᵶᴲ ᶍ ᶍ ᶊᶧᶩᴲḁḳᴻḟḋḐᵫ ᵶᶝᵸᴳ

᷈ḻḜḭᴻḇᴻᶆᶡ ᶆᵸᴳḷᴻ᷄ᶱᶧᶩ ᵮᶍ ᷈ᶷᶊ ᵸᶪᶇᴲ ḷᴻ᷄

∞ᶊᶿᴻḘᴻḠḋḑᵫ ᵴᶫᴲנּ Ⱬᵫᵷᶪּס ᵫᵡᶩᶝᵸᵫᴲᶧᶩ ᵮᶍ

᷈ᶷᵫ ᵶᶅḷᴻ᷄ ᶱ ᵸᶪᵲᶇᶱ ᶇᵶᶝᵸᴳ 

 

ḴᶹḎḻ᷿  ᴻ

 

ᵾᶇᵧᶏᴲּו ᷈Ḧḻḑᶱ ᵶᶅꞌ ᵸᶪ ᶉᶈᴲ1 ᶃᶍḷᴻ᷄ᶱᶧᶩ ᵮ

ᵸᶪᶊᶎᶈᵥᵸᶫᶏᶧᵣᶆᵶᶦᵥᴳḁḳᴻḟḋḐᵿᵰᶱ ᶊᵸᶪᶇᴲꞌ ᵫ

ᶆᵬᶉᵣᶚᶈ ᵮᶉᶪּס ᵫᵡᶩᶝᵸᴳḴᶹḎḻ᷿ᴻ ᶍ᷈ḻḃḟḐᶆᶎᴲ

ḷᴻ᷄ ᶱ ᵶᶅ ᶆᵬᶪᶧᵥᶊ ᵸᶪ ᵫᵡᶩᶝᵸᴳḁḳᴻḟḋḐᶊ

ᵶᶅᶎᴲᶹḩᴻḀ ᶆᶹḩᴻḀ ᶱ│ᶉᶪ ḮḓḋḐᶊ ᶩ ᶅᶪᵲᶇᵫ

ᵡᶩᶝᵸᴳᵲᶍ ᴲ ᶎ 1 ᵡᵾᶩᶍ ᶆᵬᶪᶹḩᴻḀ ᶱ ᵸᶪᵲᶇטּ

ᶊᶉᶩᶝᵸᴳḴᶹḎḻ᷿ᴻᶊ ᵶᶅᶎᴲᶹḩᴻḀ ᶱᶹḩᴻḀ ᶍ Ḝ᷄ḃḳᶱ│

ᶉᶪ ᷈ᶷᶊ ᶩ ᶅᶪᵲᶇᵫᵡᶩᶝᵸᴳᵲᶍ ᴲ ᶎ ╗ᶍᶹḩᴻḀᶍ 1 

ᵡᵾᶩᶍḜ᷄ḃḳ ᶱ ᵸᶪᵲᶇᶆᵸ Gטּ

 

Think Parallel ( ᶊ ᵧ )ᶅ  

 

ᵣ ḟḵ᷅ḱḦᴻᶎᴲḟḵ᷅ḱḧḻ᷅ᶆ ᶍ ᶱ ᵶᶝᵸᴳᵲᶫᵫᴲ

Think Parallel ( ᶊ ᵧ )ᶅ  ᶗᶍ ᵾᶀᶍ ᶍ ᶝᶩᶆᵸ  G

 

ᵾᶀᶎᴲᶷḳ᷉ḲḂḨᶣᶷḟḲ᷆ᴻ᷿ḯḻᶊ ᵫᶈᵲᶊ ᶆᵬᶪᵪ

ᵧᶪᶧᵥᶊᴲ ᶱ ᵶᵾᵣᶇ ᵧᶅᵣᶝᵸᴳᶝᵾᴲ ᶱ ᵸᶪᵴᶝᵵᶝ

ᶉ ᵫᴲ ᶊ ᵸᶪḙḝᶾᴻḦḻḁᶊᶈᶍᶧᵥᶊ☼ ᵸᶪᵪᶡ ᵧᶝᵸᴳ

╗ ᶊᵸᶘᶅᶱ №ᵸᶪᶍᶎ ⌐ᶆᶎᵡᶩᶝᵺᶲᴳ ḟḵ᷅ḱḧḻ᷅ᶱ ᵥ

ᶊᶇᶂᶅ TƎhink Parallel ( ᶊ ᵧ )ᶅ  ᶍ ᶎ ᶊᶮᵾᶪ ᶇᶉ

ᶩᶝᵸ  GᵲᵲᶆᶎᴲᵣᵮᶃᵪᶍḚḻḐᶱ ᶕᵲᶇᵫᶆᵬᶝᵸᴳ 
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ᶷḨḈᴻḳᶇ᷅ḁḇḝḅḻ 

 

ᶷḨḈᴻḳᶍ ᶎᴲḁᴻḙᴻ᷈ḻḜḭᴻḇᴻᶍ ᶆᵡᶪḀᴻḻᴴᶷḨḈᴻḳ

ᵫ 1967 ᶊ ᵶᵾᶡᶍᶆᴲ ᶍḟḵḃḋ᷊ᴻᶱ ᵸᶪ ᶍ ᶍ

ḁḜᴻḑᶷḋḟᶱ ᵸᶪ ᶆᵸᴳᶷḨḈᴻḳᶎᴲ ᶊᶧᶪ ᷇ᶹ

ḻᶎ ( 1/(1 - p) ) ᶊ ᵴᶫ  ᶅ( p ᶎ ᵴᶫᶪḟḵ᷅ḱḨᶍ ) ᶇ ᵬ

ᶝᵶᵾᴳᶃᶝᶩᴲḟḵ᷅ḱḨᶍ 3 ᶍ 2 ᵿᵰᶱ ᶆ ᵸᶪ ᴲᵼᶍḟḵ᷅

ḱḨᶎ ᶆ  ɟ3 ᵶᵪḁḜᴻḑᶷḋḟᵶᶝᵺᶲᴳ ᵾᶀᶎᵲᶍ ᶱ ᵮ

ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶎᴲḟḵ᷅ḱḨᶍ 3 ᶍ 2 ᶱᶈᶫᵿᵰ ᵮ ᵶᶅᶡᴲ

ᶩᶍ 3 ᶍ 1 ᵫ ᵸᶪᶝᶆᶊ ᵷ ᵫᵪᵪᶪᵾᶠᶆᵸ GGPU ᶱ 100 

ᵶᶅᶡᴲḙḝᶾᴻḦḻḁᶎ 3 ᵶᵪנּ ᵶᶝᵺᶲ  G

 

ᶊᶮᵾᶩᴲ╗ ᶍ ·ᶎᵲᶫᶱ ᷈ḻḜḭᴻḎᶸḻ᷅ᵫ ᶱ ᶏᶉᵣᵲ

ᶇᶍ ᶇ ᶉᵶᶅᵣᶝᵶᵾ 1G988 ᴲḀḯḻᴴ᷅ḁḇḝḅḻᶎ ᴾᶷḨḈᴻḳᶍ

ᶍ לּ  Rᶇ ᵸᶪ ᶱ ᵶᶝᵶᵾᴳ ᶎᴲ ᶎ ᵴᶫᵾḷᴻ᷄

ᶍ ᶱ ᵸᶪᵾᶠᶊטּ ᵴᶫᶪᶍᶆᶎᶉᵮᴲᶟᵶᶬḷᴻ᷄ᶍḁ᷆ᴻḳᶷḋ

ḟּס ᶊᵸᶪᵾᶠᶊ ᵣᶨᶫᶪᶇ ᵶᶝᵶᵾᴳ ᶡ ᵷᵲᶇᶱ ᵶᶝᵸᴳ1 

ᶍ ╢ᶎᴲ ╢ᶇḐḱḋ᷄ᶱ ᶣᵶᶅᶡ 1 ᶃᶍ ᶱᶧᶩ ᵮ ᵸᶪᵲᶇ

ᶎᶆᵬᶝᵺᶲᴳᵶᵪᵶ1Ǝ ᶍ ╢ᶇ 1 ᶍḐḱḋ᷄ᶧᶩᶡ1Ǝ00 ᶍ ╢

ᶇḐḱḋ᷄ᶆ 100 ᶍ ᶱᶧᶩ ᵮ ᶆᵬᶝᵸᴳ ᶍḑḱᶹḘᴻᶱ ᵸ

ᶪᶇᴲḁḳᴻḟḋḐᵫ ᶊ ᵶᴲ ᶍ ᶀ ᶡ ᵴᶫᶝᵸᴳᶷḨḈ

ᴻḳᶍ ᶊᶧᶫᶏ 1Ǝ ᶍḑḱᶹḘᴻᵫᴲ ᶍḐḱḋ᷄ᶱ ᶃ 99 ᶍḑḱᶹ

Ḙᴻᶱ ᵶᶅᶡנּ 1Ǝ ᶃᶍ ᶱᶧᶩ ᵮ ᶆᵬᶉᵣᵲᶇᵫ ᶨᵪᶆᵸᴳ᷅ḁḇ

ḝḅḻᶎᴲḑḱᶹḘᴻᶇḐḱḋ᷄ᶱ ᵸᶫᶏᴲ100 ᶍנּ ᶱᶧᶩ ᵮ ᶆᵬ

ᶪּס ᵫᵡᶪᵲᶇᶊ ᶄᵬᶝᵶᵾ  G

 

ᵲᶫᶎᴲ ᵾᶀᵫ ᶩ ᶟ ᶍ ᵫ · ᵬᵮᶉᶩ ᵰᶅᵩᶩᴲ

ᵫ ᶡ ᶆᵡᶪᵲᶇᶱ ᵶᶅᵣᶝᵸᴳ ᵷ᷊ᶹḂᶍ ᶱᶧᶩ ᵮ

ᵶᵾᵣᵿᵰᶆᵡᶫᶏᴲ ᶍ ᶎᵼᶫᶚᶈ ᶆᶎᵡᶩᶝᵺᶲᴳᶧᶩ ᵬ

ᶉ ᶗᶍ ᶩ ᶞᵲᵼᵫᴲ᷈ḻḜḭᴻḇᴻ (│ נּ/ ᷿ḁḎḨ) ᶍ ᶊ

ᵰᶅ SƎYCL ᶇ C++ ᵣᵾḏᴻḇ ᶱ ᵸᶪᵲᶇᶗᶍ ᶱ ᶠ

ᶅᵣᶝᵸ  G
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ḁ᷆ᴻḲḻ  ᷅

 

∙ ᶍ ᶆ ᴾḁ᷆ᴻḲḻ᷅ᴿ ᶇᵣᵥ ᵫ ᶅᵬᶝᵶᵾᴳḁ᷆ᴻḲḻ᷅ᶇᶎᴲ

ᶍ᷈ḻḜḭᴻḎᶸḻ᷅ᵫנּ סּ ᶊᶉᶂᵾᶇᵬᶊḟḵ᷅ḱḨᵫᶈᶫᵿᵰ טּ

ᵴᶫᶪ  χ( ᶊ ᴾḁḜᴻḑᶷḋḟᴿ ᶇ ᶏᶫ )ᶅ ᶱ ᶪ ᶆᵸ 1G ᶍḐḱḋ᷄ᶇ 

1 ᶍḑḱᶹḘᴻᶍ ᶮᶩᶊ1Ǝ00 ᶍḐḱḋ᷄ᶇ 100 ᶍḑḱᶹḘᴻᶱ ᵸ

ᶪᵿᵰᶆ 1Ǝ ᶍ ᶇ ᵷ ᶆ 100 ᶍ ᶱ ᶆᵬᶫᶏᴲ ᶉḁḜ

ᴻḑᶷḋḟᵫ ᵶᶝᵸ Gᶡᶀᶬᶲᴲ ᶎᵼᶍ ᶩᶊᶎᶉᶩᶝᵺᶲᴳᵡᶪ ᶆᴲ

ḁḜᴻḑᶷḋḟᶱ ᵸᶪḤḐḳḕḋ᷄ᵫ ᵶᶝᵸᴳ ḃḻḇᴻᶊᶎᴲḐḱḋ᷄

ᶱ 100 ᶆᵬᶪ ᵫᶉᵣᵪᶡᵶᶫᶝᵺᶲ  G᷈ḻḜḭᴻḇᴻᴴḟḵ᷅ḱḨᶆ

ᶎᴲḤḐḳḕḋ᷄ᶊᶎᴲḏᴻḇᵫ ᵴᶫᶪ ᶗᶍḏᴻḇᶍ┌ ᵫ ᶮᶫᶪᵲᶇ

ᵫᶧᵮᵡᶩᶝᵸ 1G00 ᶍḐḱḋ᷄ᶊ ᵸᶪᵲᶇᶎ1Ǝ00 ᶍ ᷈ᶷᶊḏᴻ

ḇᶱ ᵸᶪᵲᶇᶊ ᶅᵣᶝᵸᴳ ᶎ ᶊ ᶮᶫᶪᶡᶍᶆᶎᵡᶩᶝᵺᶲ  G3 

ᶆᶎᴲ│ ᷿ḁḎḨᶆḏᴻḇᶱ ᶉ ᶊ ᵸᶪ ᶱ ᶩᶝᵸᴳ 

ḏᴻḇ ᶊᶎ᷈ḁḐᵫᵪᵪᶩᴲᵼᶍ᷈ḁḐᵫᶷḟḲ᷆ᴻ᷿ḯḻᶍḁ᷆ᴻḲḻ᷅ᶊ☼

ᵸᶪᵲᶇᶱ ᵸᶪᵲᶇᵫ ᶆᵸ G

 

│ ᷿ḁḎḨ 

 

ᵲᵲᶆ ᵥ│ ᷿ḁḎḨᶇᶎᴲ ᶍ ḏḘᶹḁᶱ ᶟ᷿ḁḎḨᶍᵲᶇᶆᵸᴳ

ᵾᶇᵧᶏᴲ ꞉  (CPU) ᶇ᷅ḱḝᶸḋ᷄ḁ  (GPU) ᶍ ᶱ

ᵧᵾ᷿ḁḎḨᶎ│ ᷿ḁḎḨᶆᵸCGPU ᶎ ᶊḟḵḃḋ᷊ᴻᶇ ᶏᶫᶪᵲᶇᵫᵡ

ᶩᶝᵸᵫᴲ│ ᷿ḁḎḨ ᶍᵸᶘᶅᶍ ḮḓḋḐᶱ ḟḵḃḋ᷊ᴻᶇ

ᶕᶇ ᵫ ᵷᶪּס ᵫᵡᶩᶝᵸᴳᵲᶍ ᶱ ᵰᶪᵾ fSYCL ᶆᶎ Ḯḓ

ḋḐ ḏɵḘᶹḁᶇ ᶒᶝᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᶎ ᶊḣḁḐ ᶆ ᵴᶫᴲḣḁḐᶎ

ḏḘᶹḁᶊḷᴻ᷄ᶱ ᵶᶝᵸᴳ 2 ᶆᶎᴲḩᶹḻᴴᶷḟḲ᷆ᴻ᷿ḯḻ (ḣḁḐ᷈

ᴻḑ) ᵫᴲ│ ᷿ḁḎḨ ᶍ ᶍḏḘᶹḁᶊḷᴻ  ᷄( ) ᶱ ᵸᶪ ᶊᶃ

ᵣᶅ ᵶᶝᵸ  G
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SYCL ᶱ ᵶᵾ C++ ḟḵ᷅ḱḨᶎḣḁḐ ᶆ ᵴᶫ ḏƎḘᶹḁᶊḷᴻ᷄

ᶍ᷀ᴻḕḳᶱ ᵶᶝᵸᴳ ᶱ ᵮᵪᶡᵶᶫᶝᵺᶲᵫᴲḣḁḐᵫḏḘᶹḁᶇᵶᶅ

ᶆᵬᶪ ᶡ ᵣᵲᶇᶱ ᶂᶅᵩᵮᵲᶇᶎ ᶆᵸᴳᵲᶫᶎᴲ ᶊ ᶍ 2 ᶃ

ᶍ ᶆּל ᵫᵡᶩᶝ :н  

 

(1)  ḣḁḐᶎᴲᶷ᷄ḃḱḴᴻḇᴻᵫ ᵶᶉᵣ ᶊ᷀ᴻḕḳᶱ ᵸᶪ CPU 

ᶆᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᶍ┌ ᶊ ᵸᶪ SYCL ᶍ ᶉ ᶎᴲᶷ᷄ḃ

ḱḴᴻḇᴻᵫᶉᵮᶅᶡ᷀ᴻḕḳᵫ ᶊᶈᶍ᷿ḁḎḨᶆᶡ ᶆᵬᶪᵲᶇᶆᵸᴳ 

(2)  CPU ᶊᶎᴲḡ᷄Ḑḳᴲ ᴲḎḻḅḳᴲᵩᶧᶒ/ᶝᵾᶎ AI ᵫ ᵴ

ᶫᶅᵣᶪᵲᶇᵫᵡᶩᶝᵸ  G 

ḣḁḐ᷈ᴻḑᶎḏḘᶹḁ ᶍ᷈ᴻḑᶱ ᶒ ᵶᶝᵸᴳḣḁḐ ᶎᴲḘḋ᷄ᶷḋḟᴴ

ḏḘᶹḁᶇᵶᶅᵿᵰᶆᶉᵮᴲ᷀ᴻḕḳᶱ ᵸᶪḣḁḐᶍּנ ᶱ ᵸᶪᵾ

ᶠᶊᶡᴲḏḘᶹḁᶇᵶᶅ ᶆᵬᶪ ᵫᵡᶩᶝᵸᴳḣḁḐᶎᶚƎᶇᶲᶈᶍ  

CPU ᶆᵡᶪᵾᶠ CƎPU ḏḘᶹḁᶇᵶᶅ ᶆᵬᶝᵸSGYCL ᶆᶎ CPU ḏḘ

ᶹḁᶍ ᶎᶉᵮᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍḏḝᶾḳḐḏḘᶹḁᶇᵶᶅ ᶆᵬᶪḏḘ

ᶹḁᵫ ᶉᵮᶇ  ɟ1 ᶃᵡᶪᵲᶇᶍᶞᵫ ᵴᶫᶝᵸ  G

│ ᶎ ᶉ ᵪᶨ᷿ḁḎḨ ᵸᶪᶡᶍᶆᵸᵫᴲḗᴻḑᶻᶼᶷᶇ

ḅḝḐᶻᶼᶷᶱ ᶊᵸᶪ ᶎᴲᶧᶩ ᵣḙḝᶾᴻḦḻḁᶱ ᶧᵥᶇᵸᶪᵾᶠᶆ

ᵸᴳᵼᶍᵾᶠƎּנ ᷈ḻḜḭᴻḎᶸḻᶇ᷅ᵣᵥ ᶎᴲ│ ᷿ḁḎḨᶝᵾᶎᵼᶍ

᷈ḻḥᴻḕḻḐᶍḦᴻ᷆Ḏᶸḻ᷅ᶆᶧᵮ ᵴᶫᶝᵸᴳּנ ᵫ ᵴᶫᶪᶮᵰᶆᶎ

ᶉᵣᴲᵲᶇᶱ ᵶᶅᵩᵬᶝᵸᴳּנ ᵫ ᵴᶫᶪᵲᶇᶎ ᵶᶅᵡᶩᶝᵺᶲᵫᴲ│

᷿ḁḎḨᶍḟḵ᷅ḱḧḻ᷅ᵫ ᵶᵮ ᶮᶫᶪᶇᴲᶷḟḲ᷆ᴻ᷿ḯḻᶎּנ ᵴ

ᶫᶝᵸᴳ ᶎᴲ ᵶᵣ ᶱ ᵧᶅᵮᶫᶝᵸᴳ 

 

GPU ᶎḗᶹḙḝᶾᴻḦḻḁᴴ᷈ḻḜḭᴻḎᶸḻ᷅ (HPC) ḏḘᶹḁᶗᶇ ᵶטּ

ᵾᵾᶠᴲ  GPUᴲᶝᵾᶎ GPGPU ᶇ ᶏᶫᶪᵲᶇᶡᵡᶩᶝᵸᴳ│ ḟḵ᷅ḱ

ḧḻ᷅ᶍ ᴲ ᵾᶀᶎ ᶊ ᶉ GPGPU ᶱḟḵ᷅ḱḧḻ᷅ᵶᶅᵣᶪᶇּי

ᵶᴲᵼᶫᶨ  ɵGPU ᶇ ᶕᵲᶇᵫᶆᵬᶝᵸ  G 
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ᴲ│ ᷿ḁḎḨ ᶍḏḘᶹḁᶊᶎCƎPU GƎPU FƎPGA ( ḝᶸᴻḳḑᴴḟḵ᷅

ḱḦḞḳᴴ᷇ᴻḐᴴᶷḴᶹ) DƎSP ( ḏḀḇḳ ḟḵḃḋ᷊ )ᴻ AƎSIC (

ᵰ ) AƎI ḉḋḟ (᷅ḱḝᴲḓḭᴻḵḪḳḝᶸḋ᷄ᶉᶈ) ᵫ ᶝᶫᶝᵸ  G

 

ᵲᶍᶧᵥᶉḏḘᶹḁᶍ ᶊᶎᴲ ḟḵḃḋ᷊ᴻ (Ḧḳḉḟḵḃḋ᷊ )ᴻ ᶍ

ᶇᴲḩḪḲᴻᶉᶈḏᴻḇḅᴻḁᶗᶍ ᶍ ) נּ ╓ ᶍ ᵫ (נּ ᵣᶝᵸᴳᵲ

ᶫᶨᶍ ᶆḦḳḉḟḵḃḋ᷿ḻ᷅ᶎᴲḁḳᴻḟḋḐᶍ ᶊ ᶊ ᶀᶝᵸᴳᵲᵲ

ᶆᶍ ᵧᶆᶎᴲ ᶍḑḱᶹḘᴻᶇḐḱḋ᷄ᶱנּ ᵸᶪᵲᶇᶆ ᵴᶫᶝᵶᵾᴳ

ᶍḏᴻḇ ╓ ᵫ ᵣᵲᶇᶎᴲḴᶹḎḻ᷿ᴻᶱ ᶨᵸᶍᶊ ᶆᵸᴳᵲᶫᶎḐḱ

ḋ᷄ᶊ ᵶᶅ ᶱ ᶞ ᶟᵲᶇᵫᶆᵬᶪᶧᵥᴲᵴᶨᶊ ᵮᶍ ᶞ ᶞḑḋ᷄ᶱ

ᵸᶪᵲᶇᶆ ᶆᵬᶝᵸ  G

 

ᶍḏḘᶹḁᶊᶎᴲᵼᶫᵽᶫᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᵫᵡᶩᴲ ᶡ│ᶉᶪᵾᶠ

ḏḘᶹḁᵳᶇᶊ│ᶉᶪḟḵ᷅ḱḧḻ᷅ᶇ ᵫטּ ᵴᶫᶝᵸᴳᵲᶫᵫᴲSYCL ᶱ

ᵶᵾ C++ ᶍḪḉḡᴻ᷿ḯḻᶇᶉᶩᴲ ᶆ ᵧᶪ ᶍ ᶱ ᶠᶝᵸᴳ 

SYCL ᶎᴲ│ נּ)  ) ᷿ḁḎḨᶊᵩᵰ  ᶅC++ ḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶍ

ᶊ ᵸᶪᵾᶠᶊ ᵴᶫᶝᵶᵾ  G

ḏᴻḇ ḟḵ᷅ḱḧḻ  ᷅

 

ᴾḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᴿ ᶇᵣᵥḝḴᴻḂᶎᴲ ᶍḇᶹḐḳᶊ ᵶᶅᵣᶝᵸᵫᴲ

ᵴᶫᶉᵣᶝᶝ ᶂᶅᵣᶝᵶᵾᴳḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶎᴲ ᶊ ᵸᶪ

ḏᴻḇᶍ ᶇᵶᶅ ᵧᶪᵲᶇᵫᶆᵬᶪ ᶊ ᶱ ᵣᶅᵣᶝᵸᴳᵲᶍ

ᶍ┌ ᶎᴲ᷅ḁḇḝḅḻᶇᶷḨḈᴻḳᶍ ᶊ ᶅᵣᶝᵸᴳ100 ᶍḐḱḋ᷄ᶇḑ

ḱᶹḘᴻᶊ ᶱ ᵸᶪᶊᶎᴲ ᵸᶪ ᵫ 100  ( ᶊᶎ ᶍḏ

ᴻḇ) ᶆᵸᴳ ᶉ ᶎᴲּךᶱ ᵸᶪᵪᶇᵣᵥᵲᶇᶆᵸᴳᶹḩᴻḀ ᶱ

ᵸᶪᵪᴲ ᵴᶉḇᶹḳᶆ ᵸᶪᵪᴲḜ᷄ḃḳᵳᶇᶊ ᵸᶪᵪᴲᵣᶬᵣᶬ

ᵧᶨᶫᶝᵸ  G 

 

 

 

 



 

 

14  

 

 

ᶹḩᴻḀ ᶱ ᵸᶪᵪᴲ ᵴᶉḇᶹḳᶆ ᵸᶪᵪᴲḜ᷄ḃḳᵳᶇᶊ ᵸᶪ

ᵪᴲᵣᶬᵣᶬ ᵧᶨᶫᶝᵸᴳᵴᶨᶊᴲᶿḞḀᶼ᷄Ḑᶍ ᶱ ╗ᶍ ᶇᵶᶅ

ᵸᶪᶘᵬᵪᴲᵼᶫᶇᶡᶿḞḀᶼ᷄Ḑᶍ ᵴᶉ᷅ḳᴻḟᶍḃḋḐᶇᵶᶅᴲᵡᶪᵣᶎᶿ

ḞḀᶼ᷄Ḑᵳᶇᶊ ᵸᵲᶅᶇɟ ᵶᶉᵰᶫᶏᶉᶩᶝᵺᶲ G

 

ᶉḷᴻ᷄ ᶱ ᵶᴲᵼᶍḷᴻ᷄ᶱ Ḳḅᴻḁᶊ וֹ ᶊḦḋḜḻ᷅ᵸ

ᶪᶍᶎ SƎYCL ᶆ C++ ᶱ ᵸᶪ ḟḵ᷅ḱḦᴻᶍ ᶆᵸᴳᵲᶍ ᶎ 

4 ᵪᶨ ᶝᶩᴲ ᶱ ᵷᶅ ᵬᶝᵸᴳ 

 

 

C++ ᶇ SYCL ᶍ ᶉ  
 

ᵸᶘᶅᶍ  SYCL ḟḵ᷅ḱḨᶎ CƎ++ ḟḵ᷅ḱḨᶆᶡᵡᶩᶝᵸSGYCL ᶎ C++ 

ᶍ ᶊ∟ ᵶᶝᵺᶲ  G 

 

SYCL ᶱ᷊ḥᴻḐᵸ  ᶅC++ ᷈ḻḙᶹḱᴻᶎSƎYCL ᶍḛḳḐᶹḻ ᶊ

ᶄᵣᶅ᷈ᴻḑᶱ ᵸᶪᶇᶇᶡᶊᴲטּ ᶍ C++ ḛḳḑ᷿ḁḎḨ ᶆ│ ᷈

ḻḙᶹḳᵫ ᴾ ᶉᵮ  Rᵸᶪ᷊ḥᴻḐᶱ ᵶᶝᵸ G

 

ᶊ SƎYCL ᶱ ᵸ  ᶅC++ ᶍ ᶉ ᶆᵡᶪᴲ ╗ḅᴻḁḁḇᶹḳᴲḣḁḐᴲ

ḏḘᶹḁᴲ᷀ᴻḕḳ᷈ᴻḑᴲ ḇḁ᷄᷅ḱḝᶊᶃᵣᶅ ᵶᶝᵸᴳ 

 

╗ḅᴻḁ 

 

ḟḵ᷅ḱḨᶎ ╗ḅᴻḁᶊᶆᵬᶝᵸᴳᶃᶝᶩᴲ ᵷ ∞7  ᶊᴲḏḘᶹḁᶆ

ᵴᶫᶪ ᷀ᴻḕḳᶱ ᵸᶪ᷈ᴻḑᶇᴲᵼᶫᶨᶍ᷀ᴻḕḳᶍ ᶱ ᵸᶪḣ

ḁḐ᷈ᴻḑᶍ ᵫ ᶝᶫᶝᵸ  G2 ᶆᶎᴲᵲᶍ ᶊᶃᵣᶅᵴᶨᶊ ᵶᵮ

ᵶᶝᵸᴳ ᶊꞌᵷᶅᴲḟḵ᷅ḱḨḅᴻḁᶱḣḁḐ᷈ᴻḑᶇḏḘᶹḁ᷈ᴻḑᶍ│ᶉ

ᶪḝᶶᶹḳᶇ ∞ᶊ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᵫᴲ ᶉᵲᶇᶎᴲᵼᶍ ᵫᶉ

ᵣᶇᵣᵥᵲᶇᶆᵸ  G

 

 
7  ᶊ ᴾḝᶶᶹḳᴿ ᶇ ᵥᵲᶇᶡᶆᵬᶝᵸᵫᴲᵲᵲᶆᶎᵼᶫᶎ ᶆᵡᶩᶝᵺᶲᴳ ∞ᶎ᷈ḻḙᶹḱᴻᶗ

ᶍ ᶆᵡᶩ CƎ ḟḲḟḵḃḋ᷊ᴻᶊᶧᶂᶅᶹḻḱᶹḻᴴḠḋḈᴻᴴḝᶶᶹḳᵫ ᵴᶫᴲḦ᷄ḵᵫ ᵴᶫ

ᵾ ᶍḅᴻḁḝᶶᶹḳᶆᵸ G
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ḣḁḐ 

 

ᵸᶘᶅᶍḟḵ᷅ḱḨᶎḣḁḐ ᶆ ᵫ ᵴᶫᴲḟḵ᷅ḱḨ ᶍ᷈ᴻ ḑ ᶍᶚᶇ

ᶲᶈᶎ ḣḁḐ ᶆᵸᴳᵲᶫᶝᶆᴲḣḁḐᶎ ᶊ CPU ᶆᵶᵾᴳ ᶆᶎᵲᶫᶎ

ᶆᶎᶉᵣᵾᶠᴲḣḁḐᶇᵶᶅ ᶊ ᵶᶝᵸᴳᵸᶘᶅᶍ C++ ᶇ SYCL ḟ

ḵ᷅ḱḨᶱ᷊ḥᴻḐᵸᶪᶊᶎᴲḣḁḐᵫ C++17 ᶱ ᶊ᷊ḥᴻḐᵸᶪ ᵫᵡ

ᶪᵾᶠᴲᵲᶫᵫ CPU ∙ ᶆᵡᶪּס ᶎ ᵣᶇ ᶮᶫᶝᵸᴳ ᶆ ᵶᶝᵸᵫᴲ

ḏḘᶹḁ (ᶷ᷄ḃḱḴᴻḇ )ᴻ ᶎ C++17 ᶍᵸᶘᶅᶱ᷊ḥᴻḐᵸᶪ ᶎᵡᶩᶝ

ᵺᶲ  G

 

ḏḘᶹḁ 

 

ḟḵ᷅ḱḨ ᶆ ᶍḏḘᶹḁᶱ ᵸᶪᶇᴲ│ ḟḵ᷅ḱḧḻ᷅ᶊᶉᶩᶝᵸᴳ

ᵼᶍᵾᶠᴲ ḢᴻḀ ᶍ│ ᷿ḁḎḨᶍ ᵪᶨᴲᵲᶍ ᶆᶎḏḘᶹḁᶇᵣᵥ

ᵫ ᶩ ᵶ ᵶᶅᵣᶝᵸᴳ│ ᷿ḁḎḨ ᶍḏḘᶹḁᶊᶎᴲGPU FƎPGA DƎSPᴲ

ASIC CƎPU AƎI ḉḋḟᵫ ᶝᶫᶪּס ᵫᵡᶩᶝᵸᵫᴲ ḲḁḐᶊ ᵴᶫᶪ

ᶮᵰᶆᶎᶉᵣᵲᶇᶎᵸᶆᶊ ᵶᶝᵶᵾ  G

 

ᶱᶿḝḵᴻḑᵸᶪ ᵧ ᶎᴲḷᴻ᷄ᶍ ᶱּנ ᶆᵬᶪḏḘᶹḁᶊḷᴻ᷄ᶱ

ᵸᶪᵲᶇᶆᵸᴳᵲᶫᶎᴲḏᴻḇᶍ┌ ᶆ ᶮᶫᶪ ᶱ ᵥ ᵫᵡᶪᵾᶠᴲ

ᶊ ᶫᶅᶎᶉᶨᶉ ḐrḜḋ᷄ᶆᵸ G 

 

ḏḘᶹḁᶱ  

 

GPU ᶉᶈᶍḏḘᶹḁᶱ ᵧᵾ᷿ḁḎḨᶆᶎᴲ ᶍḟḵ᷅ḱḨᵫ ᶊ ᵴᶫ

ᶪ ╗ᶍḏḘᶹḁᶱ ᵸᶪ ᵫ ᵴᶫᶝᵸᴳᵼᶫᶎ SYCL ᶱ ᵶᵾḟḵ

᷅ḱḨᶆᵡᶪ ᶎᵡᶩᶝᵺᶲᴳ ᶍḟḵ᷅ḱḨᵫḏḘᶹḁᶱ ᵶᶅᵣᶪ ᴲ

ḟḵ᷅ḱḨᶍ ᶊ Ⱬᵫ ᵸᶪּס ᵫᵡᶩᶝᵸᴳᵲᶫᶎCƎPU ᵰᶍ 

C++ ḟḵ᷅ḱḨᶊᵩᵰᶪ╗ ᶉ ᵧ ᶇᶝᶂᵾᵮ ᵷᶆᵸCGPU ᶆᵡᶝᶩ

ᶊᶡ ᵮᶍᶷ᷄ḎᶸḞᶉḟḵ᷅ḱḨ (ḩᴻḳᴲḞḱᶻ᷾ᴲᶻᶹḳḁḁ᷂ḫḻᴲḛḏᶿ

ᴲ ᶉᶈ) ᶱ╗ ᶊ ᵸᶪᶇᴲ᷿ḁḎḨᵫ ᶊᶉᵲᶅᶇᵫᵡᶩᶝ

ᵸ  G
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ḁᴻḙᴻ᷈ḻḜḭᴻḇᴻᶆᶎᴲḖᴻḑ (CPU + ᵴᶫᶅᵣᶪᵸᶘᶅᶍḏḘᶹ

ḁ) ᵫ ╗ᶍᶷḟḲ᷆ᴻ᷿ḯḻᶊ ᶊ ᵴᶫᶅᵣᶪסּ ᴲ ᶎ

ᶊᶉᶩᶝᵺᶲᴳḁᴻḙᴻ᷈ḻḜḭᴻḇᴻ∙ ᶍ᷿ḁḎḨᶆᶎᴲ ᶍᶷḟḲ᷆ᴻ᷿

ḯḻᵫ ᶊ ᵷḏḘᶹḁᶱ ᵸᶪᶇᴲḟḵ᷅ḱḨᶍḙḝᶾᴻḦḻḁᵫ☼ ᶱ

ᵰᶪּס ᵫᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣ G 

 

ᵸᶘᶅᵫ╥ᵬ ᵬ ᵸᶪᵾᶠᴲ│ᶉᶪḟḵ᷅ḱḧḻ᷅ᶍ ᶎᵡᶩᶝᵺᶲᴳ 

 

᷀ᴻḕḳ᷈ᴻḑ 

 

ḏḘᶹḁ᷈ᴻḑᶎ᷀ᴻḕḳᶇᵶᶅ ᵴᶫᶝᵸᴳᵲᶫᶎ C++ ᶇ SYCL++ ᶊ

ᶍ ᶆᶎᶉᵮ OƎpenCL ᶣ CUDA ᶉᶈ ᶍᶿḝḵᴻḑ ᶆᶡ ᶇᶉ

ᶪ ᶆᵸᴳᵲᶫᶎḳᴻḟ ᶍᶷḟḵᴻḉ (OpenMP target  ᶿḝḵᴻḑ

ᵴᶫ )ᶅ ᶇᶎ│ᶉᶩᶝᵸᵫᴲḟḵ᷅ḱḦᴻᵫḳᴻḟᶍḕḁḐᶱ ᶊ ᵸ

ᶪ ᵫᶉᵮᴲ ᶡ ᶍḳᴻḟ ᶍ᷈ᴻḑ ᶊ ᵶᶅᵣᶪ ᵫᵡᶩᶝᵸᴳ 

 

᷀ᴻḕḳ᷈ᴻḑᶊᶎᴲᶧᶩ ᶉḏḘᶹḁᶍ᷊ḥᴻḐᶇ ᶉ ᶱּס

ᶊᵸᶪᵾᶠᴲ╗ ᶍ ᵫᵡᶩᶝᵸᴳ᷀ᴻḕḳ᷈ᴻḑᶆ᷊ḥᴻḐᵴᶫᶅᵣᶉᵣ

ḲḁḐᶊᶎᴲ ḥḲḪᴻḝᶸḂḨᴲ ḩḪḲᴻ ᶩ ᶅ (new  ɥdelete  ᶱ

ᵶᵾᶿḞḀᶼ᷄Ḑ ᶎᵡᶩᶝᵺ)ɸᴲ ᴲ ḥᶹḻḇᴻᴲḱḻḇᶹḨ

 (RTTI) ᴲᵩᶧᶒ ᵫ ᶝᶫᶝᵸᴳּי ḩḻḘᴻ ᵩᶧᶒּס ╥

ᶎᴲ᷀ᴻḕḳ᷈ᴻḑᵪᶨ ᶒ ᵸᵲᶇᶎᶆᵬᶝᵺᶲᴳ᷀ᴻḕḳ᷈ᴻḑ ᶆᶎ

ᶎ ᵴᶫᶝᵺᶲסּ  G
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יּ  

 

ᶆᶎᵲᶫ∙ ᵶᶝᵺᶲᵫ DƎPC++ ᷈ḻḙᶹḱᴻᴴḟḵḀᶼ᷄Ḑᶊ

ᶎᴲ᷀ᴻḕḳ ᶆּי ᶍ᷊ḥᴻḐᶱ ᵸᶪ ᶉ  (ᶿᴻ

ḟḻḅᴻḁᴴḟḵḀᶼ᷄Ḑᶆ ᶆᵬᶝᵸ) ᵫᵡᶩᶝᵸᴳᶷ᷄ḃḱḴᴻḇᴻᶗ

ᶍ ᶉᶿḝḵᴻḑᶍ ᴲּךᶨᵪᶍ ᶉᵶᶊּי ᶎ ᶊ᷊

ḥᴻḐᶆᵬᶝᵺᶲᵫᴲ ᵮᶍḮᴻ᷾ᴻᶎᵾᶇᵧ ᵫᵡᶂᶅᶡ SYCL ᵫᵼ

ᶍᶧᵥᶉ᷊ḥᴻḐᶱ ᵸᶪᵲᶇᶊ ᶱ ᵶᶅᵣᶝᵸᴳᶿᴻḟḻḅᴻḁᶇ

ᶿᴻḟḻ SYCL ᶍ ᶫᵾ ᶎ CƎ++ ᶇ SYCL ᶍ ᶊ☼ ᶱ

ᵸᶪ ᶊ ᶆᵬᶪנּ ᵫᵡᶪᵲᶇᶆᵸᴳ ᶊᶃᵣᶅᶎDƎPC++ ḟ

ḵḀᶼ᷄Ḑ (github.com/intel/llvm  (♣ ) ) ᶱᵳ ᵮᵿᵴᵣ  G

 

 

 3 ᶆᶎᴲ᷀ᴻḕḳᵫ ᶒ ᵴᶫᶪ ᶆḩḪḲᴻ ᶩ ᶅᵫᶈᶍᶧᵥᶊ

ᶮᶫᶪᵪ ᵶᴲᵼᶫᶊᶧᶂᶅ᷀ᴻḕḳᵫ ᶊ ᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳ

 5 ᶆᶎᴲḏḘᶹḁᶊ ᵶᶅ ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵸᴳ 

 

᷀ᴻḕḳ ᶆᶎᴲḝᶶḻ᷄ḇᴻᴲḱḨḈ ᴲⱳ ᶿᴻḘᴻḵᴻḑᴲḎḻḟḴᴻḐᴲ

᷄ḱḁᴲ ḥḲḪᴻḝᶸḂḨᶱ ᶟ C++ ᶍ ᶩᶍ ᶎ ᶊ ᶆᵬᶝᵸᴳ

ᶝᵾᴲḣḁḐᶇḏᴻḇᶱ ᵶᵾᶩ (  3 ᶱ ) (Ǝ ᷅ḵᴻḘḳ) ḣḁḐ

ᶍ ᶞ ᶩ ᶱ ᵸᶪᵲᶇᶡᶆᵬᶝ  н(ḱḨḈ ᶍ᷂ḫḟḉḫᴻ )  G

 

᷀ᴻḕḳ: ḡ᷄Ḑḳּנ  ( DAXPY)  

 

ᶉ ᷈ᴻḑᶱ⅛ᵥḟḵ᷅ḱḦᴻᶊᶎᴲ᷀ᴻḕḳᶎ ᶞᶍᵡᶪᶡᶍᶆᵸᴳ

DAXPY (  A × X + Y  ᶍ ) ᶍ ᶱ ᵶᶅᵮᵿᵴᵣᴳᵲᶫᶎּך ᶡ

ᶍ ᶆᵸᴳ  1-2  ᶎᴲ ᶍ Fortran CƎ/C++ ᴲᵩᶧᶒ SYCL ᶆ

ᵴᶫᵾ DAXPY ᶱ ᵶᶅᵣᶝᵸᴳᵮᶘᵬᵲᶇᶊᴲ  (  3) ᶎ ᶊ ╗

ᶆᵸᴳ  4 ᶇ  10 ᶆᶎ᷀ᴻḕḳᶊᶃᵣᶅ ᵶᵮ ᵶᶝᵸ  G1- 2  ᶎᴲ᷀

ᴻḕḳᶍ ᵫ ᵶᵣᶇᵣᵥ ᶱ ᵸᶪᶍᶊ ᶀᶝᵸᴳ ᵫ ᵶᵮᶅᶡᴲ

᷀ᴻḕḳᶎ ᶞᶍᵡᶪᶡᶍᶊ ᵷᶨᶫᶪᶎᵹᶆᵸ G

 

https://github.com/intel/llvm
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1.  ! Fortran ḳᴻḟ  

2.  do i = 1, n  

3.        z(i) = alpha * x(i) + y(i)  

4. end do 

 

1.  // C/C++ ḳᴻḟ 

2.  for ( int i= 0;i<n;i++) {  

3.       z[i] = alpha * x[i] + y[i];   

4.  }  

 

1.  // SYCL ᷀ᴻḕḳ 

2.  q. parallel_for ( range {n},[=]( id <1> i ) {  

3.        z [i] = alpha * x[i] + y[i];  

4.  }). wait ();  

 
 1- 2.  Fortran CƎ++ SƎYCL ᵼᶫᵽᶫᶍ DAXPY  

 

 

 

SYCL ᶱ ᵶᵾ C++ ḟḵ᷅ḱḧḻ᷅ᶍ ᶱ ᵶᶅᶎᶉᶩᶝᵺᶲG

ḟḵ᷅ḱḧḻ᷅ᶱ ᵸᶪᶍᶎᴲ ᶍ 2 ᶃᶍ ᵪᶨ ᶆ :н  

 

(1)  ᶊ ᵸᶪᵲᶇᶆḙḝᶾᴻḦḻḁᵫ ᵶᶝᵸᵫ (ḁ᷆ᴻḲḻ᷅

ᵫ ᵶ)  Ǝ

(2)  ᶂᵾ ᵣ ᶎ ḟḵ᷅ḱḧḻ᷅ᴴᶽḱᴻ ( ᶎ ) ᶊᶃ

ᶉᵫᶩ  Ǝ

 

ᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶱ  ᵴᵺᶝᵸᴳזּ

 

ᶎᴲ ᵴᶫᵾᶷ᷿᷄ḯḻᶍ ᴾ᷂ḭᴻᴿ ᶱ ᵶᶅḷᴻ᷄ᵫḏḘᶹḁᶊ

ᵴᶫᶪᵲᶇᵪᶨ ᵷᶝᵸᴳḣḁḐḟḵ᷅ḱḨᶎ ᵴᶫᵾᶷ᷿᷄ḯḻᶱ᷂ḭᴻᶊ

ᵶᴲḟḵ᷅ḱḨᶎᵼᶍ ᶱוֹ ᵾᵹᶊ ᵴᶫᶝᵸᴳ ᵶᶉ ᵲrᶇᶎᴲ

Ḳḅᴻḁ (ḏḘᶹḁᶇḣḁḐ) ᶱ ᶊḛḀᴻ ᶊ ᶃᶊᶎ ᶆᵸᴳ ᵸᶪ

ᵫᵡᶪ ᴲḣḁḐᵫ ᶉḷᴻ᷄ᶱ ᵧᶪ ᶱ ᵸᶪᵲᶇᶊᶉᶩᶝᵸᴳᶝ

ᵾᴲḏḘᶹḁᵫḷᴻ᷄ᶱ ᵸᶪᶇᴲ ᵶᵣḷᴻ᷄ᶱ᷂ḭᴻᶊ ᵸᶪᶝᶆᴲ᷿Ḳᶷ

ḳᴴḤḐḳḕḋ᷄ᶡ ᵶᶝᵸᴳ ᵶᵾᶧᵥᶊᴲᶷḨḈᴻḳᶍ ᶎᴲḷᴻ᷄ᶱ

ᶊ ᶮᶉᵪᶂᵾ ᶊ ᵶᶅḢḒḳḎᶸᴻᶱ ᵶᶝᵸᴳḏḘᶹḁᵫḛḀᴻ

ᶆᵡᶂᶅᶡᴲḏḘᶹḁᶇᶍ ᶆḏᴻḇᶱ ᶆᵬᶪᶧᵥᶊḟḵ᷅ḱḨᶱ ᵶᴲḷ

ᴻ᷄ᵫ סּ ᶉ ᶆᵡᶪ ᶎ ᶊᴲḏḘᶹḁᶇḣḁḐᶍ ᶱᵸᶘᶅḛ

Ḁᴻ ᶊ ᶃ ᵫᵡᶩᶝᵸᴳᵼᵥᵶᶉᵣᶇᴲᶷḨḈᴻḳᶍ ᶍ ᵣᶱ ᵰᶪ

ᵲᶇᶊᶉᶪᶆᵶᶦᵥ G
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 3 ᶆᶎᴲḟḵ᷅ḱḨᶱ ḇḁ᷄᷅ḱḝᶇᵶᶅ ᵧᶪ ᶊᶃᵣᶅ ᵶᴲ

 8 ᶆᶎᵲᶍ ᶱ ᶊ ᵶᶝᵸ  G

 

ḧḁᶊᶧᶪ  

 

ᶍ᷈ᴻḑ  (  1-1) ᶆᶎᴲ ᶍוֹ ᵫ סּ ᶊᶉᶪ ᶊ  21 ᶆ ᵬ

ᶝᶫᶉᵣᶧᵥᶊᴲ  19 ᶆ wPait  Rᶱ ᶊ ᵶᶝᵶᵾᴳᵲᶍ ᶱ

ᶫᶅᶎᶉᶩᶝᵺᶲᴳ ᵷ᷈ᴻḑ ᶆᶎᴲᶡᵥ 1 ᶃ ᶉ ᵫ ᶮᶫᶅᵣᶝᵸᴳ

15 ᶆᶎ sƎtd::memcpy  ᶱ ᵶᶅ ḏᴻḇᶱ᷈Ḝᴻᵶᶅᵣᶝᵸᴳ

std::memcpy  ᶎḣḁḐ ᶆ ᵴᶫᶪᵾᶠᴲ  14 ᵫ ᵸᶪᶝᶆ  17 ∙

ᶎ ᵴᶫᶝᵺᶲᴳ  3 ᶱ ᶲᵿ ᶆᶎᴲᵲᶫ  ɵq.memcpy  (SYCL ᶱ ) 

ᶊ ᵶᵾᵮᶉᶪᵪᶡᵶᶫᶝᵺᶲ  G1- 3  ᶍ 7 ᶆᶝᵴᶊᵼᶫᶱ ᶂᶅᵣᶝᵸᴳ

ᵲᶫᶎ᷂ḭᴻᶗᶍ ᶆᵡᶪᵾᶠ 9Ǝ ᶧᶩ ᶊ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳᵲ

ᶫᶊᶧᶩᴲ ḟḵ᷅ḱḧḻ᷅ᶊᵩᵰᶪḘ᷅ᶍ╗ ᶆᵡᶪ ᵫ ᵶᶝᵸ  G 

ᶎᴲḟḵ᷅ḱḨᶍ 2 ᶃᶍ ᵫ ᶉᵶᶊ ᵷḏᴻḇᶊᶷ᷄ḃḁᵸᶪᶇᵬ

ᶊ ᵶᶝᵸ 7G ᶆḏᴻḇᶱ ᵬ ᶞ 9Ǝ ᶆᵼᶫᶱ ᶞ ᶪᵲᶇᶱ ᵶ

ᶅᵣᶪᵾᶠ 7Ǝ ᵫ ᵸᶪ ᶊ 9 ᵫ ᵴᶫᶪּס ᵫᵡᶪ ᶎ ᶝ

ᵶᵮᵡᶩᶝᵺᶲᴳᵲᶍᶧᵥᶉ ᶊᶧᶩᴲḟḵ᷅ḱḨᶍ ᶎ סּ ᶊᶉᶩᴲ

ᵳᶇᶣ│ᶉᶪ᷿ḁḎḨᶆᶎ סᵫ│ᶉᶪּוֹ ᵫᵡᶩᶝᵸᴳᵲᶫᶱ ᵸᶪᶊ

ᶎ 7Ǝ ᶍ ᶊ .wait()  ᶱ ᵶᶅᴲנּ ᵸᶪ ᶊ q.memcpy  ᵫ ᵸᶪ

ᶍᶱ ᶊ ᵶᶝᵸᴳᵶᵪᵶᴲᵲᶫᶎ ᶍ ᶆᶎᵡᶩᶝᵺᶲᴳᶹḡḻḐ∟

ᶱ ᵸᶪᵲᶇᶡᶆᵬᶝ  н(  8 )ᴳ᷂ḭᴻᶱ ᵬ᷂ḭᴻᶇᵶᶅ

ᵸᶪᶇ mƎemcpy ᶇ parallel_for  ᶍ ᶊ∆ ᶉ∟ ᵫ ᵴᶫᶝᵸᴳנּ

∏ᶇᵶᶅᴲ  7 ᶆᶎᴲḘḋḝᶶᴻᶇᶷ᷄ḃ᷊ᴻᶍḟḵ᷅ḱḧḻ᷅ᴴḁḇᶹḳᶱ

ᵶᶅ SƎYCL ᶊ∟ ᶇ ᶱ ᶊ ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵸ G
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1.  // ...  1- 1 ᶍ 1 ᶱ ᵶᶅᵣᶝ  н  

2.  char * result = malloc_shared <char >(sz, q);  

3.  

4.  // ᶉḏᴻḇ   ᶍ ᶇᶍ  

5.   // ᵶᵣ ᶱ ᵸᶪᵾ  f  

6.   // ∟ ᶱ ᵶᶝᵺᶲ  G

7.   q. memcpy(result, secret . data (), sz);  

8.  

9.     q. parallel_for (sz, [=]( auto&  i ) {  

10.      result [i] - = 1;  

11.     }). wait ();   

12.  

13.   // ...  

 
 1- 3.  ᶆᵡᶪᵲᶇᶱ ᵸᶪᵾᶠ ᶱ ᵴᵺ  ᶅ

 
 

ᶎ ᵹᵶᶡḟḵ᷅ḱḨᶍ ᶱ╥ᵬ ᵲᵸᶮᵰᶆᶎᶉ  r

 

ᶉ ᶎᴲ  1- 3  ᶍ᷈ᴻḑᶎᵸᶘᶅᶍ᷿ḁḎḨᶆ ᵸᶪᶮᵰᶆᶎ

ᶉᵣᵲᶇᶊ ᵣᶅᵣᶪᶆᵶᶦᵥGpartition_max_sub_devices==0  

ᶍ GPU ᶱ ᵶᶅᶡ ᵶᶝᵺᶲᶆᵶᵾᴳᵲᶫᶎ ᵴᶉ GPU ᶆᵡᶂᵾ

ᵾᶠ mƎemcpy ᵫ ᵸᶪᶝᶆ parallel_for  ᶱ ᵸᶪ ᵫᶉᵪ

ᶂᵾᵾᶠᶆᵸᴳᵣᵹᶫᶊᵶᶅᶡᴲ ᶊ ᶊ ᶱ╥ᵬ ᵲᵴᶉᵣ

ᶇᵶᶅᶡ ᵫ ᵸᶪᵾᶠᴲᵲᶍ᷈ᴻḑᶊᶎ ᵫᵡᶩᶝᵸᵾG

ᶀᶎᵼᶫᶱ ᶇ ᶲᶆᵩᶩᴲ ᶊᶎ ᵮᵣᵬƎ ᶊᶎ ᵶᶝᵸG ᵲ

ᶍᶧᵥᶉ᷈ᴻḏᶸḻ᷅ ᶍ ᶎᴲ᷈ḻḙᶹḳ ᶇḱḻḇᶹḨ ᶍ

ᶞ ᶮᵺᶊᶧᶂᶅ ᶊ ᵫ ᵸᶪᶝᶆᴲ ᵶᵾᶝᶝᶊᶉᶪּס

ᵫᵡᶩᶝᵸ  G

 
 

wait()  ᶱ ᵸᶪᶇנּ mƎemcpy ᶇ᷀ᴻḕḳ ᶍḣḁḐ ᵫ ᵴᶫᶝᵸᵫᴲ

ᵲᶫᶎḏḘᶹḁᶱ ᶊḛḀᴻ ᶊᵶᶅᵩᵮᶇᵣᵥ∙ ᶍᶷḑḘᶹḁᶊ ᵶᶅᵣᶝ

ᵸᴳ ᶆᶎᴲḟḵ᷅ḱḨᶍ ᵴᶇ᷿ḁḎḨ ᶍḘḱḻḁᶱ ᶪ ·ᶉ

ᶇḐḴᴻḑᶿḝᶊᶃᵣᶅ ᶩ ᵱᶅᵣᶝᵸᴳ 

 

 

 

 

 



 

 

21  

 

 
 

ᶷᶻḐᶿḞᶿᴻḈᴻᴴ᷂ḭᴻᶇᶹḻᶿᴻḈᴻᴴ᷂ḭᴻ 

 

ᶆᶎᴲḙḝᶾᴻḦḻḁ ᶍ ᵫᵡᶪᵾᶠᴲᶷᶻḐᶿḞᶿᴻḈᴻᴴ᷂ḭᴻᶱ

ᵶᶝᵸᵫᴲᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶍ ᵸᶪᵲᶇᶱ ᶂᶅᵩᵮᶘᵬᶆᵸᴳᶹ

ḻᶿᴻḈᴻᶎᴲ᷂ḭᴻᶱ ᵸᶪᶇᵬᶊ ᶆᵬᶪ ᶆᵸᴳCUDA ḟḵ᷅

ḱḦᴻᶎ CƎUDA ḁḐḲᴻḨᵫ ᶊᶹḻᶿᴻḈᴻᶆᵡᶪᵲᶇᶱ ᶂᶅᵣ

ᶝᵸ SGYCL ᷂ḭᴻᶎḏḝᶾḳḐᶆᶎᶷᶻḐᶿḞᶿᴻḈᴻᶆᵸᵫᴲSYCL ᷂ḭ

ᴻᶍ ᶊ in_order  ᷂ḭᴻᴴḟḵḙḎᶸᴻᶱ ᵸᵲᶇᶆᴲᶿḟ᷿ḯḻᶆᶹ

ḻᶿᴻḈᴻᶊᵸᶪᵲᶇᵫᶆᵬᶝ  н(  8 ᶱ )ᴳ  21 ᶆᶎ CƎUDA 

ᶍ ᵫᵡᶪḟḵ᷅ḱḦᴻ ᵰᶊᴲᵲᶍ ᶇᵼᶍ ᶍ ᶊᶃᵣᶅ

ᵶᶝᵸ  G

 

 

᷀ᴻḕḳᶱ ᶟḟḵ᷅ḱḨ ᶍḏᴻḇ ᶍ ᶊᶎᴲᶹḻḎḳṸ 

Inspector 8  ( ᶍ DPPC++ ᷈ḻḙᶹḱᴻᶍ  Rᶆ ᵶᵾ oneAPI Ḍᴻ

ḳ᷂ḋḐᶆ סּ ) ᶉᶈᶍḌᴻḳᵫ ᶀᶝᵸᴳᵲᵥᵶᵾḌᴻḳᵫ ᵣᶪ ᶉ

ᶎᴲ ᵮᶍ ᴲᵸᶘᶅᶍḏḘᶹḁᶆ ᵸᶪᶇᶎ ᶩᶝᵺᶲᴳ ᶱ

ᵸᶪᶊᶎᴲᵸᶘᶅᶍ᷀ᴻḕḳ  ɵCPU ᶆ ᵸᶪᶍᵫ ᶆᵡᶩᴲᵲᶫᶎ

ᶍḏḘḋ᷅ ᶇᵶᶅ ᶆᵬᶝᵸᴳᵲᶍḏḘḋ᷅ᶍḚḻḐᶊᶃᵣᶅᶎ Ǝ2 ᶍ

ᵆ  #2 ᵇᶆ ᵶᶝᵸ G

 

ḏḋḑḵḋ᷄ᶍ ᶱ ᵧᶪᵾᶠᴲ ᵸᶪ ᶍ ᶎ 

᷈ḻḜḭᴻḇᴻ ᴴ᷊ ᶹᶽḻḁᶊᵩᵰᶪ ᶍ ᶉ ᶆ  н

 

 

ⱦ ᶍḎᴻḞḳᶍ ᶩᶊ ᵾᶀᵫ ᶩᴲᵼᶫᵽᶫᶍ ᶍ ᶊᶎ ᵫ 

1 ᵹᶃ ᵪᶫᶅᵣᶪᶇᵲᶬᶱ ᵶᶅᵮᵿᵴᵣᴳ ᶱᵸᶪᶍᶊ ᶎ 

2 ᶍ ᵫ ᶆᶆᵡᶪᵾᶠᴲ ᶨᶎ ᶊ █ᶍ  ɵ1 ᵹᶃ ᶩ ᵱᶩ

ᶝᵸᴳ ᶉᵫᶨᴲ ╢ᵫ ᶊ ᶍ ᶱᶃᵪᶞᴲᵼᶫᵪᶨ█ ᶍ

ᶱ ᶇᵥᶇᵸᶪᶇᴲ ᶱ ᶆᵬᵹ ╢ᵫ ᶊ ᶊᶉᶂᶅᵶᶝᵥᶇ

ᵣᵥ ᵫ ᵶᶝᵸ  G ᶨᶎ ᴲ ᵶᶅ ᶆᵬᶉᵣ ᶱ ᶀ ᵰᶪᵲ

ᶇᶊᶉᶩᶝᵸ  G

 
8
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ᵾ  G
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ᵲᶍ ᴲᶷḳ᷉ḲḂḨᶍ ᵫ  ( ᶱ ᶩ ᵱᶅᵪᶨ█ᶱ ᶩ

ᵱᶪᶝᶆ ᶃ) ᶆᵡᶩᴲḏḋḑḵḋ᷄ᵫ ᵶᴲᵸᶘᶅᶍ ᵫ ᵸᶪ

סּ ᵫᵡᶩᶝᵸᴳᵲᶫᶎ ᶆᵸᴳᶧᶩ ᶍ ᵫ ᵸᶪᴲᶆᵬ

ᶫᶏ ᶊ ╢ᵫ ᵸ  ᶅ( ᶡ ᵶᶉ )r ᶷḳ᷉ḲḂḨᶱ ᵸᶪᵾ

ᶠᴲᵴᶝᵵᶝᶉ ᶊᶃᵣᶅ ᵸᶪᵲᶇᶎ ᵧᶪᶍᵫ ᵶᵣḐḜḋ᷄ᶆ

ᵡᶩᴲᵲᶫᶎּך ᶡ ᶩ ᵱᶨᶫᶅᵬᶝᵶᵾᴳ 

 

ᵲᶍᶧᵥᶉḟḵ᷅ḱḧḻ᷅ᴴᶽḱᴻᵫᵣᵪᶊ ᵲᶩᶣᵸᵣᵪᶱ ᵶᴲḏḘ

ḋ᷅ ᶊᵼᶫᶨᶱ ᵶᶅ ᵸᶪ ᶍ ᶱ ᶊᶃᵰᶪᵲᶇᶎᴲ וֹ

ᶉ ḟḵ᷅ḱḦᴻᶊᶉᶪᶊᶎ סּ ᶉ ᶆᵸ G

 

 

ḏḋḑḵḋ  ᷄

 

ḏḋḑḵḋ᷄ᶎℓ☼ ᶆᵡᶩᴲ ᶇ  (ᵲᶍ ᶍ ᶍḃ᷿᷄ḯḻᶱ

) ᶱ ᵸᶪᵲᶇᵫᴲḏḋḑḵḋ᷄ᶱ ᵸᶪ ᶱ ᵸᶪ ᶆ סּ ᶆᵡ

ᶪᵲᶇᶱ ᵶᶝᵸ  G

 

ḏḋḑḵḋ᷄ᶎ2Ǝ ᶃ∙ ᶍᶷ᷿᷄ḯḻ (ḟḵḃḁᴲḁḴḋḑᴲ᷀ᴻḕḳᶉᶈ) ᵫ

Ḟḵḋ᷄ᵴᶫᴲᵼᶫᵽᶫᵫ ᶍḲḅᴻḁᶍ ᶝᵾᶎḇḁ᷄ᶍ ᶱ ᵶᴲ

ᶇᵶᶅḁḐᴻḳוֹ ᶊ ᶂᵾ ᶊ ᵶᶝᵸᴳᶃᶝᶩᴲḏḋḑḵḋ᷄ᶊ ᶂᵾᶷ

ḟḲ᷆ᴻ᷿ḯḻᶎ ᵶᶅ ᵶᶝᵺᶲᴳ ᴲ ᴲᶝᵾᶎḵḋ᷄ᶱ ᵸᶪᵾᶒ

ᶊᴲḏḋḑḵḋ᷄ᵫ ᵸᶪּס ᵫᵡᶩᶝᵸᴳ ᵫ ᵸᶪᶇḏḋḑḵḋ᷄ᵫ

ᵸᶪּס ᵫᵡᶩᶝᵸᵫᴲ ᵮᶍ ᴲ ᶇᵶᶅ ᶫᶝᵸ ( ᶍḃ᷿᷄

ḯḻᶱ )  G

 

ḏḋḑḵḋ᷄ᶎḏḘḋ᷅ᵫ ᶆᵸᴳᵲᶫᶊᶃᵣᶅᶎᴲᵲᶍ ᶍ ᶊᵡᶪ ᴾ

ᶇ  Rᶍḃ᷿᷄ḯḻᶆ ᶩ ᵱᶝᵸᴳ 

 4 ᶆᶎᴲᴾḱḨḈ ᶎ ᶆᶎᶉᵣᴿ ᵲᶇᶊᶃᵣᶅ ᵶᶝᵸDGPC++ ᴲ

SYCLᴲ ᶍ C++ ᶱᵥᶝᵮ ᵸᶪᶊᶎᴲḱḨḈ ᶊ ᶫᶅᵩᵮᶘᵬᶆᵸᴳ 
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C++ ḱḨḈ  

 

ḱḨḈ ᶎᴲ ḟḵ᷅ḱḧḻ᷅ ᶆ ᶊ ᵴᶫᶪ ᶍ C++ ᶍ ᶆ

ᵸᴳ᷀ᴻḕḳ (ḏḘᶹḁ ᶆ ᵴᶫᶪ᷈ᴻḑ) ᶎ ᶍ ᶆ ᶆᵬᶝᵸᵫᴲ

ᶡ╗ ᶉ ᶎḱḨḈ ᶆᵸᴳ  10 ᶆᶎᴲḱḨḈ ᶱ ᶟᴲ᷀ᴻḕḳᶱ

ᵸᶪᵴᶝᵵᶝᶉ ᶊᶃᵣᶅ ᵶᶝᵸᴳᵲᵲᶆᶎᴲC++ ḱḨḈ ᶍ ᶇᴲ

᷀ᴻḕḳᶍ ᶊ ᵸᶪ ≥ ᶱ ᵶᶝᵸᴳ 10 ᶆᶎ SƎYCL ᶊᶃᵣᶅ

ᵴᶨᶊ ᵶᵮ ᶲᵿ ᴲ᷀ᴻḕḳᶍ ᶊᶃᵣᶅ ᵶᵮ ᵶᶝᵸᴳ 

 

 1-3  ᶍ᷈ᴻḑᶊᶎḱḨḈ ᵫ ᶝᶫᶅᵣᶝᵸᵼGᶫᶎ ᶊ ᶉ [=]  ᶆ

ᶝᶪᶍᶆ ᵮ ᵪᶩᶝᵸCG++ ᶆᶎᴲḱḨḈᶎ  ( [ ) ᶆ ᶝᶩᴲ ᵷ

 ( ] ) ᶆ ᶝᶫᵾ ᶎᴲḱḨḈ ᶆ ᵴᶫᶝᵸᵫᴲḙḱḩᴻḇᴻᶇᵶᶅ

ᶊ ᵴᶫᶉᵣ ᶱ᷂ḫḟḉḫᴻн ᶪ ᶱ ᵶᶝᵸ SGYCL ᷀ᴻḕḳᶆᶎᴲ

᷂ḫḟḉḫᴻᶎ ᶊᶧᶂᶅ ᵥ ᵫᵡᶩᴲᵲᶫᶎ ᶊ  (=) ᶱ ᶠᶪᵲ

ᶇᶆ ᵴᶫᶝᵸ  G

 

ḱḨḈ ᶎ C++11 ᶆ ᵴᶫᶝᵶᵾᴳᵲᶫᶨᶎᴲ∫ᶝᶫᵾḁ᷈ᴻḟᵪᶨ

ᶱ᷂ḫḟḉḫᴻᶆᵬᶪ ᶿḞḀᶼ᷄Ḑ ( ᵬ ᶊ ᶩ ᶅᶪᵲᶇᶡ

סּ ) ᶱ ᵸᶪᶍᶊ ᵴᶫᶝᵸ CG++ ḱḨḈ ᶍ ᶎ  Ǝ

 
[ capture - list ] ( params ) - > ret { body }  

 

ᶇᵶᶅ ᵴᶫᶝᵸᴳᵲᵲᶆᴲ 

 

 ɯ capture - list  ᶎ᷀ḻḦᶆ ᶨᶫᵾ᷂ḫḟḉḫᴻᴴḲḁḐᶆᵸᴳ᷂

ḫḟḉḫᴻᴴḲḁḐᶊ ᶱ ᵸᶪᵲᶇᶆᴲנּ ᶱ ᶆ᷂ḫḟḉḫᴻ

ᵶᶝᵸᴳ ᶱ ᶆ᷂ḫḟḉḫᴻᵸᶪᶊᶎ&Ǝv ᶍᶧᵥᶊᴲ ᶊᶷ

ḻḙ᷊ḻḑ ( &) ᶱ ᵰᶝᵸ ḁG᷈ᴻḟ ᶍᵸᶘᶅᶍ ᶊ

ᵴᶫᶪ᷿ḯᴻḐ᷀ḋḐᶡᵡᶩᶝᵸG[=]  ᶎᴲ ᶆ ᵴᶫᶪᵸᶘᶅ

ᶍ ᶱ ᶆ᷂ḫḟḉḫᴻᵶᴲ ᶍᶿḞḀᶼ᷄Ḑᶱ ᶆ᷂ḫ

ḟḉḫᴻᵸᶪᵾᶠᶊ ᵴᶫ [Ǝ&] ᶎᴲ ᶆ ᵴᶫᶪᵸᶘᶅᶍ

ᶇ ᶍᶿḞḀᶼ᷄Ḑᶱ ᶆ᷂ḫḟḉḫᴻᵸᶪᶍᶊ ᵴ

ᶫᶝᵸ [G]  ᶎּךᶡ᷂ḫḟḉḫᴻᵶᶝᵺᶲSGYCL ᶆᶎᴲ᷀ᴻḕḳᶆ

ᵸᶪ ᶍ ᶊᶧᶪ᷂ḫḟḉḫᴻᵫ ᵴᶫᶅᵣᶉᵣᵾᶠᴲסּ

ᶊ [=] ᵫ ᵴᶫᶝᵸ  G 

C++ ᶊ ᵣᴲ᷅ḵᴻḘḳ ᶎḱḨḈᶆ᷂ḫḟḉḫᴻᵴᶫᶝᵺ
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ᶲᴳ ᷅ḵᴻḘḳ ᶎ᷀ᴻḕḳ ᶆ ᶆᵬᶝ ᵫн cƎonst  

ᶆᵡᶪ ᶊ ᶨᶫᶝᵸG ᵲᵲᶆ ᵸᶪᵣᵮᶃᵪᶍ ᶊᶧᶩᴲ᷀

ᴻḕḳᶎᵴᶝᵵᶝᶉḏḘᶹḁᴴᶷᴻ᷂Ḏ᷄ḉḫᴻᶇ ᶊᶮᵾᶂᶅ╗

ᵶᶅ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸ G 
 

 ɯ params  ᶎᴲ ᵬ ᶇ ᶊᴲ ᶍḙḱḩᴻḇᴻᴴḲḁḐᶆ

ᵸ SGYCL ᶎᴲ ᶒ ᵴᶫ ᷀ᴻḕḳᵫ ᵸᶪ ᶱ ᵸᶪḙ

ḱḩᴻḇᴻᶱ ᵶᶝᵸᴳᵲᶫᶎᴲ╗≥ᶍ ID (1 2Ǝ ᶝᵾᶎ 

3 ) ᶍᵣᵹᶫᵪᶆᵸᴳᵲᶫᶨᶊᶃᵣᶅᶎ 4 ᶆ ᵶᶝᵸ  G 
 

 ɯ ret  ᶎ ᶩ ᶆᵸ -G >ret  ᵫ ᵴᶫᶅᵣᶉᵣ rƎeturn  ᵪ

ᶨ ᵴᶫᶝᵸ rGeturn  ᵫᶉᵣᴲᶝᵾᶎ ᶉᵶᶍ return  ᶆᶎᴲ

ᶩ ᶍ ᵫ void  ᶆᵡᶪᵲᶇᶱ≥ ᵶᶝᵸSGYCL ᷀ᴻḕḳᶍ

ᶩ ᶍ ᶎ ᶊ void  ᶆᵡᶪᵾᶠᴲ᷀ᴻḕḳᶍ ᶩ ᶍ ᶱ ᵸ

ᶪ ᶊᵲᶍ ᶱ ᶊᵸᶪ ᶎᵡᶩᶝᵺᶲ G
 

 ɯ body  ᶎ ᶆᵸ SGYCL ᷀ᴻḕḳᶆᶎᴲ᷀ᴻḕḳᶍ ᶊᵣᵮ

ᶃᵪᶍ ᵫᵡᶩᶝ  н(ᵲᶍ ᶍ ᶍ ᴾ᷀ᴻḕḳ᷈ᴻḑᴿ ᶍ ᶱ

)  G
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 1-4  ᶍ ᶎᴲ  i  ᶱ ᶆ ᵶᴲ  j ᶱ ᶆ ᵸ  ᶅC++ ḱḨ

Ḉ ᶱ ᵶᶅᵣᶝᵸᴳɕᵾᴲḙḱḩᴻḇ  ᴻk0  ᶇᴲ ᶊᶧᶂᶅ ᵰ ᶪ ᶍḙḱ

ḩᴻḇ  ᴻl0  ᶡᵡᶩᶝᵸ ᵲGᶍ ᶱ ᵸᶪᶇᴲ  1-5  ᶊ ᵸ ᵫ ᶨᶫᶝᵸ  G

 
int  i = 1, j = 10, k = 100 , l = 1000 ;  

  

auto  lambda = [ i , & j ]( int  k0 , int&  l0 ) - > int {  

  j = 2 * j;  

  k0 = 2 * k0;  

  l0 = 2 * l0;  

  return  i + j + k0 + l0;  

};  

  

print_values (i, j, k, l);  

std ::cout << "First call returned "  << lambda (k, l)  

          << " \ n" ; print_values (i, j, k, l);  

std ::cout << "Second call returned "  << lambda (k, l)  

          << " \ n" ; print_values (i, j, k, l);  

 
 1- 4.  C++ ᷈ᴻḑᶍḱḨḈ  

 
i == 1  

j == 10  

k == 100  

l == 1000  

First call returned  2221  

i == 1 

j == 20  

k == 100  

l == 2000  

Second call returned 4241  

i == 1 

j == 40  

k == 100  

l == 4000  

 
 1- 5.   1- 4  ᶍḱḨḈ ᷈ᴻḑᵪᶨᶍ  
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ḱḨḈ ᶎ ᶿḞḀᶼ᷄Ḑᶍᶹḻḁḇḻḁᶇ ᵧᶪᵲᶇᵫᶆᵬᶝᵸᵫᴲ᷄ḱḁ

ᶎ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ ᵴᶫᶝᵸᵾGᶇᵧᶏᴲ ᶍ ᶍḱḨḈ ᶎ  Ǝ1-

6  ᶊ ᵸᶧᵥᶊᴲ᷄ḱḁᶍᶹḻḁḇḻḁᶊ ᵶᶅᵣᶝᵸᴳC++ ḱḨḈ ᶱ

ᵸᶪ ᶎᶈᵲᶆᶡᴲ  1-6  ᶍᶧᵥᶊᴲ ᶿḞḀᶼ᷄Ḑᶍᶹḻḁḇḻḁᶆ ᵬ

ᵧᶪᵲᶇᵫᶆᵬᶝᵸ  G

 

ᶿḞḀᶼ᷄Ḑᶱ ᵸᶪᶇᵬᶎᴲ ᶱ ᶩ ᶅᶉᵰᶫᶏᶉᶩᶝᵺᶲ (  

1-6  ᶍ Functor )ᴳᶹḻḱᶹḻᶆ ᵴᶫᵾḱḨḈ (  1-4  ᶍᶧᵥᶊ) ᶎᴲ

ᶱ ᶇᵶᶉᵣᵾᶠ ᶆᵸ  G

 
class  Functor  {  

  public:  

   Functor (int i , int & j ) : my_i {i}, my_jRef {j} { }  

 

   int  operator() ( int  k0 , int  &l0 ) {  

      my_jRef = 2 * my_jRef;  

    k0 = 2 * k0; l0 = 2 * l0;  

    return  my_i + my_jRef + k0 + l0;  

   }  

 

  private:  

int  my_i;  

 int &my_jRef;  

};  

 
 1- 6.  ḱḨḈ ᶍ ᶮᶩᶊ ᶿḞḀᶼ᷄Ḑᶱ ᵸ ᶅ( ᶎ  10 ᶱ )  

 

 

ᶍ┌ ᶇḙḝᶾᴻḦḻḁᶍ┌   

 

┌ ᶎ SYCL ᶱ ᵸ  ᶅC++ ᶊᶇᶂᶅ ᶉ ᶆᵸᵫᴲᵼᶫᶱ ᵸᶪ

ᵲᶇᶎᶆᵬᶝᵺᶲᴳ ᶇ᷈ḻḙᶹḱᴻᵫᶆᵬᶪᵲᶇᶎᴲ ᶉᶇᵬᶊᶷḟḲ᷆ᴻ

᷿ḯḻᶆ┌ ᶱ ᵶ ⌐ᶊᵸᶪᵿᵰᶆᵸᴳḑḩᶹḻ ᴲḱᶹḞḱḲᴻᴲḝḴ

ᴻḨḷᴻ᷄ᶉᶈᶍ Ḵḡḳ (ᶧᶩ ᶉ) ḟḵ᷅ḱḧḻ᷅ᶆᶎᴲ ᶉḟḵ᷅

ḱḧḻ᷅ᵫ ᶉᵮᶉᶪᵾᶠᴲ┌ ᵫ ᶊ ᵸᶪᶍᶎ ᶆᵸᴳ  
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ᶆᶎ C++ ᶆᶍḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶊ ᶱ ᶅᶅᵩᶩᴲᶧᶩ ᵮ

ᶍ ᵫ ᶠᶨᶫᴲᵼᶫᶊ ᵣᴲ᷈ᴻḏᶸḻ᷅ᵫ┌ ᶊ ᵧᶪ☼ ᶱ ᵸᶪ

ᶡ ᵬᵮᶉᶩᶝᵸ  G

 

┌ ᶎ ᶉḐḜḋ᷄ᶆᵡᶩᴲᵲᶫᶊᶎ ᶍ┌ ᶇḙḝᶾᴻḦḻḁᶍ┌

ᶍ ᵫ ᶝᶫᶝᵸᴳ ᶍ┌ ᶊᶧᶩᴲḟḵ᷅ḱḨᶎᵴᶝᵵᶝᶉḟḱḋḐḝ

ᶾᴻḨᶆ ᶊ᷈ḻḙᶹḳᵩᶧᶒ ᶆᵬᶪᵲᶇᵫ ᵴᶫᶝᵸᴳḙḝᶾᴻḦḻḁ

ᶍ┌ ᶆᶎᴲᵴᶝᵵᶝᶉḟḱḋḐḝᶾᴻḨᶆḟḵ᷅ḱḨᵫ ᶉḙḝᶾᴻḦḻḁ

ᶱ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳᵲᶫᶎᵪᶉᶩ ᶉ ᶆᵸᵫᴲ ᶊ ᵧᶏ ᵪᶩ

⌐ᵣᵪᶡᵶᶫᶝᵺᶲᴳᶃᶝᶩᴲᵡᶪḟḱḋḐḝᶾᴻḨᶆ ᶊ ᵴᶫᶪḟḵ᷅

ḱḨᶱ ᵶᶅᶡᴲ ᶍḟḱḋḐḝᶾᴻḨᶆᶎ ᶊ ᵮᶉᶪᶇᵣᵥ ᶎ ᵰᵾ

ᵣᶇᵣᵥᵲᶇᶆᵸ  G ᴲ ᵾᶀᶎḟḵ᷅ḱḨᵫ ᵸᶪᵡᶨᶥᶪḟḱḋḐḝᶾᴻ

Ḩᶆ ᶍ ᶱ ᵸᶪᵲᶇᶱ ᶲᶆᵣᶝᵸᴳ│ ᷿ḁḎḨᶊᵩᵰᶪ

ᶉḏḘᶹḁᶱ ᵸᶪᶇᴲḙḝᶾᴻḦḻḁᶍ┌ ᶱ ᵸᶪᶊᶎᴲḟḵ᷅ḱḦ

ᴻᶆᵡᶪ ᵾᶀᶊ ᶉ ᵫ ᶆᵸ  G

 

ᵣᶉᵲᶇᶊ SƎYCL ᶎḙḝᶾᴻḦḻḁᶍ┌ ᶱ ᵴᵺᶪ᷈ᴻḏᶸḻ᷅

ᶱ ᵶᶅᵣᶝᵸᴳᶝᵹᴲ ᷀ᴻḕḳᶎᶈᵲᶆᶡ ᶆᵬᶝᵸᴳ ᶨᶫᵾ᷆ᴻ

ḁᶆᶎᴲᵲᶫᶆ ᵪᶡᵶᶫᶝᵺᶲᴳᶧᶩ╗ ᶊᶎᴲ│ᶉᶪ ᶍḏḘᶹḁ ᵰ

ᶊᴲ ᶉ᷀ᴻḕḳᶍ ᶍḘᴻḀḯḻᵫ ᵴᶫᶝᵸᴳ ᶊᶎᴲ᷀ᴻḕḳᶊ

ᶎ  GPU ᶇ  CPU  ḘᴻḀḯḻᵫ ᵸᶪ ᵫᵡᶩᶝᵸᴳ ᶊᶧᶂᶅ

ᶎᴲ ᶍ GPU ḏḘᶹḁ ᵰᶊ᷀ᴻḕḳᶱ ᵴᵺᵾᵣטּ ᵫᵡᶩᶝᵸᴳᵼᶍᶧ

ᵥᶉ ᶎᴲ ᶍḘᴻḀḯḻᶱ ᵶᴲᵼᶫᵽᶫᶱ│ᶉᶪ GPU Ḫḏḳᶊ ᵸטּ

ᶪᵲᶇᵫᶆᵬᶝᵸᴳᶝᵾᶎ1Ǝ ᶃᶍḘᴻḀḯḻᶱḙḱḩᴻḇᴻּטᵶᶅ GPU ᶍ

ᶱ ᵶ GƎPU ᶊ ꞌᵸᶪᶧᵥᶊ GPU ᷀ᴻḕḳᶍ ᶱ ᵸᶪᵲᶇᶡ

ᶆᵬᶝᵸ  G

 

ḙḝᶾᴻḦḻḁᶍ┌ ᶊ ᵸᶪ וֹ ᶉ ᶱ ∏ᵸᶪᶍᶎḟḵ᷅ḱḦᴻᶍ

ᶆᵸᵫ SƎYCL ᶎ ᶱ ᵸᶪᵾᶠᶍ ᶱ ᵶᶅᵣᶝᵸ  G 

ᶍᶧᵥᶊᴲᵸᶘᶅᶍḏḘᶹḁ ᵰ᷀ᴻḕḳᵪᶨ ᶠᶅᴲ ᶊꞌᵷᶅ ᶉ᷀

ᴻḕḳ ḘᴻḀḯḻᶱ ·ᶊ ᵸᶪᵲᶇᶆᴲ ᶱ ᶆᵬᶝᵸᴳᵲᶫᶎטּ ᶨ

ᵶᵣᶧᵥᶊ ᶮᶫᶝᵸᵫᴲḟḵ᷅ḱḨ ᶍ ᶫᶡ ᵬᶉ☼ ᶱ ᵧᶪּס ᵫ

ᵡᶩᶝᵸᴳᶉᵻᶉᶨᴲḏᴻḇᶍ┌ ᶇᶷḳ᷉ḲḂḨᶍ ᵫ ᶆᵡᶪᵾᶠᶆ

ᵸ  G 
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ᵲᶫᶱ ᶪᵲᶇᶆ SƎYCL ᶇ C++  ( ᶝᵾᶎᵼᶍ ᶍḈᶹḴ᷄Ḑᴴḟḵ᷅ḱḧḻ᷅ᴴ

ḅḲḭᴻ᷿ḯḻ) ᵫḙḝᶾᴻḦḻḁᶍ┌ ᶱ ᵸᶪᶇ ᵸᶘᵬᶆᶉᵣ

ᵫ ᵪᶩᶝᵸᴳᵶᵪᵶᴲᵲᶫᶎ ᶊ ᶩ ᶟᶍᶊ ᶃḌᴻḳ᷂ḋḐ ᶍḌᴻḳ

ᶆᵸ  G

 

 

 (Concurrency) ᶇ  (Parallelism)  
 

ᶇ ᶇᵣᵥ ᶎ ᶆᶎᵡᶩᶝᵺᶲᵫᴲ ᶆᵡᶪᶇ ᵴᶫᶪᵲ

ᶇᶡᵡᶩᶝᵸᴳᵲᶫᶨᶍ ᶊ ᵸᶪ ᶎᴲ ·ᶉ ᵫ ᵷ ᶊ ≥ᵸ

ᶪᵲᶇᶎ ᶆᵡᶪᵾᶠᴲᵴᶨᶊ  ᵶᶅᵣᶝᵸᴳטּ

 

Sun Microsystems ᶍḦḳḉḁḴḋḑᴴḟḵ᷅ḱḧḻ᷅ᴴ᷁ᶹḑᶊᵡᶪ∙ּזᶍ

ᶱ ᵧᶅᶞᶝᵶᶦ :v9  

 

 ɯ : ᶉᵮᶇ  ɟ2 ᶃᶍḁḴḋḑᵫ ᶆᵡᶪᶇᵬᶍ  

 

 ɯ : 2 ᶃᶍḁḴḋḑ ᶊ ᶆᵡᶪᶇᵬᶍ  

 

ᵲᶍ ᶍ┴ᵣᶱ ᶊ ᵸᶪᶊᶎᴲᵲᵲᶆּךᵫ ᶆᵡᶪᵪᶱ ᶊ

ᵸᶪ ᵫᵡᶩᶝᵸᴳ∙ּזᶎᴲᵼᶍ ᶱ ᶪᶍᶊ ᶀᶝᵸ: 
 

 ɯ ᶎ ᶆᵬᶝ :н ╗ ᶊ ᶍ ᶱ ᵸᶪḗᴻḑᶻᶼ

ᶷᶍ᷊ḥᴻḐᵫᶉᵣ ᶆᶡᴲḅḝḐᶻᶼᶷᶎ ╗ᶊᶧᶂᶅᴲטּ ᶊ

ᶍ ᶱ ᵶᶅᵣᶪᶧᵥᶊ ᵺᵪᵰᶪᵲᶇᵫᶆᵬᶝᵸᴳ

ᶎטּ ᶍᶉᵣ ᶍ ᵣ ᶆᵸ  G

 

 

 

 
9  ᵾᶀᶎᴲ ᵶᶅ ᵧᶪᵲᶇᶍᶉᵣ ᶱ ᵶᵾᵲᶍḟḵ᷅ḱḧḻ᷅ᴴ᷁ᶹḑᶍḝᶶḻᶆᵸᴳᶿḻḱᶹ

ḻ docs.oracle.com/cd/ E19253 - 01/816 - 5137/816 - 5137.pdf  (♣ )  ᶆᵳ ᵣᵾᵿᵰᶝ

ᵸ  G

https://tinyurl.com/SunMTguide
https://tinyurl.com/SunMTguide
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 ɯ ḗᴻḑᶻᶼᶷᴴḲḅᴻḁᶎ ᶨᶫᶅᵣᶝᵸ: ḗᴻḑᶻᶼᶷᶍ Ḳḅᴻ

ḁ (ḟḵḃḋ᷊ᴻᴲ᷈ᶷᴲ ḮḓḋḐᶉᶈ) ᶎ ᶆᵡᶪᵾᶠᴲḗᴻḑ

ᶻᶼᶷᵫ ᶊ ᴾ ᵣ Rᵲᶇᶎᵡᶩᶝᵺᶲᴳḗᴻḑᶻᶼᶷᵫ Ḳḅᴻ

ḁᶱ ᵶᶅ ḁḴḋḑᶱ ᶆᵬᶪ ᴲ ᶇ ᶍ ᵫ

ᵴᶫᶝᵸ  G

 

ᵾᶀḟḵ᷅ḱḦᴻᵫ XP YƎ ZƎ ᶱ ᶊ ᵸᶪ  Rᶇ ᵥᶇᵬᴲḗᴻḑᶻᶼᶷ

ᵫ ᶣ ᶱ ᵸᶪᵪᶈᵥᵪᶱ ᶊᶎ ᶊᵶᶉᵣᵲᶇᵫᵡᶩᶝᵸᴳ

ᶊ 2 ᶃᶍḇḁ᷄ᵶᵪ ᶆᵬᶉᵣḦ᷿ḻ ᶆᴲḟḵ᷅ḱḨ (3 ᶃᶍḇḁ᷄ᶱ

ᶟ) ᶍ ᵫ ᵸᶪᶍᶎ ᶝᵶᵮᵡᶩᶝᵺᶲᴳᶆᵬᶪᵿᵰ ᵮᶍḇḁ᷄ᶱ ᵶ

ᶅ ᵶᴲᵸᶘᶅᶍḇḁ᷄ᵫ ᵸᶪᶝᶆḇḁ᷄ᶍḘḋḉᶱ ᶩ ᵶ ᵸᶪᵲᶇ

ᶱ ᵶᶝᵸ  G

 

ᵶᵪᵶᴲ ·ᴲ ᶊᵪᵰᶪᵲᶇᶡᵡᶩᶝᵸᴳᵼᵶᶅᴲ ᶍ ᶩᶎ ᶉ  וֹ

(ᴾḏḋḑḵḋ᷄ᴿ ᶉᶈ) ᶱᶡᵾᶨᵸּס ᵫᵡᶩᶝᵸᴳ ᶍ ᶍḇḁ ᷄(X YƎᴲᶝᵾ

ᶎ Z) ᶍ ᶊᴲᴾнᶘᶅᶍḇḁ᷄ᵫ ᵸᶪᶝᶆ ᵸᶪ R ᶱ ᵶᵾᶇנּ

ᵶᶅᵮᵿᵴᵣᴳḇḁ᷄ᶍ ᵫḗᴻḑᶻᶼᶷᶍ ᶱ ᵧᶉᵰᶫᶏᴲḟḵ᷅ḱḨᶎ

ᶊ ᵴᶫᶝᵸᴳᵶᵪᵶᴲḇḁ᷄ᶱḘḋḉᶊ ᵸᶪᶇᴲ ᶍḘḋḉ ᶍḇḁ

᷄ᶎ♂ ᶊ ᵸᶪᵲᶇᶊᶉᶩᶝᵸᴳ ᶉᵫᶨᴲᵼᶫᶎᶷḟḲ᷆ᴻ᷿ḯḻᵫ ᵶ

ᶅ ᵶᶉᵣᵲᶇᶱ≥ ᵶᶝᵸ G

 

ᵲᶫᶎᶧᵮᵡᶪ ᶩᶆᵡᶩᴲ ⌐ᶊ ᵸᶪᵾᶠᴲᵲᶫᶨᶍ ᶱ ᵶᶅᵣᶝ

ᵸᴳ ᵶᵾḟḵ᷅ḱḦᴻᶆᵡᶂᶅᶡᴲᵲᶫᶱ ᵰᶪᶊᶎ ᵸᶪ ᵫᵡᶩᶝᵸᴳ

ᵼᵶᶅᴲ ᵾᶀᶎ ᴲ ᵫ ᶩᶉᵣᶇᵬᶊ ᶱḏḘḋ᷅ᵸᶪ ᵫᵡᶪᵲᶇᶊ

ᶄᵬᶝᵸᴳᵲᶫᶨᶍ ᶎ ᶆᶎᶉᵮCƎ++ ᶊᶎᴲḁḴḋḑᵫ ᶊ

ᵸᶪ ᶱ ᶊ ᵶᵾ ᵣḃ᷿᷄ḯḻᵫ ᶝᶫᶅᵣᶝᵸᴳ  

ᵲᶍ ḃ᷿᷄ḯḻᶆ ᵾᶀᶊᶆᵬᶪᵲᶇᶎᴲᵲᶫᶨᶍ ᶱᶆᵬᶪ ᶩ ᵸᶪ

ᵲᶇᶍ ᶱ ᵸᶪᵲᶇᵿᵰᶆᵸ G

 

ᵲᶫᶨᶍ ᶱ ᶊ ᵸᶪᵲᶇᶎᴲ│ ᷿ḁḎḨᶣּנ ᷿ḁḎḨᶱ

וֹ ᶊḟḵ᷅ḱḧḻ᷅ᵸᶪ ᶆ ᶆᵸᴳ ᵾᶀᶎ ᴲᵼᶍᶧᵥᶉ ᶱ ᶪᶊᶎ

ᵫᵪᵪᶩᶝᵸᴳᵼᶫᶎ╗ ᶊ ᵲᶪᶡᶍᶆᶎᵡᶩᶝᵺᶲᴳ 

 

 
 

 

 



 

 

 

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎ SƎYCL ᶱ ᵶᵾ C++ ᶊ ᶉ ᶱ ᵶ SƎYCL ᶊᶇᶂᶅ

ᶉ ḟḵ᷅ḱḧḻ᷅ᶇ C++ ᶍ ᶉ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ  2 ᴲ

 3 ᴲ  4 ᶆᶎ SƎYCL ᶆ C++ ᶱ ᵸᶪḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶍ 

3 ᶃᶍ ᶊᶃᵣᶅ ᵶᵮ ᵶᶝᵸᴳḏḘᶹḁᶊᶎᴲ ᵸᶪḷᴻ᷄ᶱ ᵧᶪ (ḏ

Ḙᶹḁ ᶆ ᵸᶪ᷈ᴻḑᶱ )ᴲḏᴻḇᶱ ᵸ  ᶅ(ḏḘᶹḁᶆ ᵸᶪḏᴻ

ḇᶱ )ᴲᵼᵶᶅ᷈ᴻḑ (᷀ᴻḕḳ) ᶱ ᵸᶪ ᵫᵡᶩᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

 2  ᷈ᴻḑᵫ ᵴᶫᶪ  
 

ḟḵ᷅ḱḧḻ᷅ᶎᴲ ᵣⱢᵶ ᶱ ᵸᶪᵲᶇᶆᶎᵡᶩᶝᵺᶲᴳ ᶊᶎᴲ

ᵸᶘᶅᶍ ᶆ ᵸᶪᵲᶇᵫ ᶆᵸᴳᵲᶍ ᶆᶎᴲ᷈ᴻḑᶱᶈᵲᶊᶆᶡ

ᶆᵬᶪᶧᵥᶊᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵸᴳ ᵾᶀᶎᴲ ᶊꞌᵷᶅᴲ│

᷿ḁḎḨ ᶍᵸᶘᶅᶍ Ḳḅᴻḁᶱ ᶊᵸᶪᵲᶇᶱ ᵶᶝᵸᴳᵶᵾᵫᶂᶅᴲ

ᵼᶫᶨᶍ Ḳḅᴻḁᵫᶈᵲᶊ╬ᶫᶅᵣᶪᵪ №ᵶ ( ᶃᵰᶅ)ᴲᵼᶫᶨᶱ  

(᷈ᴻḑᶱ ) ᵸᶪ ᵫᵡᶩᶝᵸ  G

 

᷈ᴻḑᵫ ᵴᶫᶪ ᶱ ᶆᵬᶝᵸᴳᶃᶝᶩᴲᶈᶍ᷀ᴻḕḳᶊᶈᶍḏḘᶹḁ

ᶱ ᵸᶪᵪ ᶆᵬᶝᵸ SGYCL ᶱ ᵶᵾ C++ ᶎᴲḣḁḐ CPU ᶇḏḘᶹ

ḁᶍ ᶆ᷈ᴻḑᶱ ᵸᶪ│ ḟḵ᷅ḱḧḻ᷅ᶍḝḴᴻḨḷᴻ᷄ᶱ ᵶᶝᵸᴳ

᷈ᴻḑᵫ ᵴᶫᶪ ᶱ ᵸᶪḩ᷀ḓḂḨᶱ ᵶᴲ ᵸᶪᵲᶇᵫ ᶆ

ᵸ  G

 

ᵲᶍ ᶆᶎᴲ᷈ᴻḑᶱ ᶆᵬᶪ ᴲᵣᶃ ᵴᶫᶪᵪᴲᵩᶧᶒ ᶱ

ᵸᶪḩ᷀ḓḂḨᶊᶃᵣᶅ ᵶᶝᵸ  G3 ᶆᶎᴲ᷈ᴻḑᶱ ᵸᶪ ᶊḏ

ᴻḇᵫ ᵸᶪᶧᵥḏᴻḇᶱ ᵸᶪ ᶊᶃᵣᶅ ᵶ  Ǝ4 ᶆᶎ᷀ᴻḕḳ

ᶍ ᶊᶃᵣᶅ ᵶᶝᵸ  G

 

 

╗ḅᴻḁ 
 

SYCL ᶱ ᵶᵾ C++ ḟḵ᷅ḱḨᶎ ╗ḅᴻḁᶊᵸᶪᵲᶇᵫᶆᵬᶝᵸᴳᶃᶝᶩᴲ

ᵷ ∞ ( ᶎḅᴻḁḝᶶᶹḳᶇᵼᶍḠḋḈ)ᴻ ᶊ SƎYCL ḏḘᶹḁᶆ

ᵴᶫᶪ ᷀ᴻḕḳᶱ ᵸᶪ᷈ᴻḑᶇᴲᵼᶫᶨᶍ᷀ᴻḕḳᶍ ᶱ ᵸᶪḣ

ḁḐ᷈ᴻḑᶍ ᵫ ᶝᶫᶝᵸ G 

 

 

 

 

 

 

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_2  

 

https://doi.org/10.1007/978-1-4842-9691-2_2
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 2 -1 ᶎᵲᶫ  ʝ2 ᶃᶍ᷈ᴻḑḙḁᶱ ᵶᶅᵩᶩ  Ǝ2 - 2  ᶎḣḁḐ᷈ᴻḑ ╓ᶇ

ḏḘᶹḁ᷈ᴻḑ ╓ᵫḦᴻ᷄ᵴᶫᵾᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶱ ᵶᶅᵣᶝᵸᴳ 

 

ḏḘᶹḁ᷈ᴻḑᶇḣḁḐ᷈ᴻḑᶍ ᶱ ╗ᶍḅᴻḁḝᶶᶹḳ (ᶝᵾᶎ

∞) ᶊ ᵸᶪᶇᴲ│ ᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶇ ᵫ ⌐ᶊᶉᶩᶝᵸᴳ  

ᵲᶍ ᶞ ᶮᵺᶊᶧᶩᴲ ḇᶹḟᶍ↨ ᶡ ᵶᴲ᷈ᴻḑᶊ ᵸᶪ᷈ḻḙᶹḱ

ᴻᶍ ᶡטּ ᵴᶫᶪּס ᵫᵡᶩᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 
 2 - 1.  ╗ḅᴻḁ᷈ᴻḑᶊᶎᴲḣḁḐ᷈ᴻḑ (CPU ᶆ ) ᶇḏḘᶹḁ᷈ᴻḑ (SYCL 

ḏḘᶹḁ ᶆ ) ᶍ ᵫ ᶝᶫᶝ  н

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

33  

 

 
#include  <array>  

#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace sycl ;  

 

int  main () {  

constexpr  int  size = 16;  

std ::array< int , size> data;  

 

// ᶆ ᵴᶫᵾḏḝᶾḳḐḏḘᶹḁᶊ᷂ḭᴻᶱ   

queue  Q;  

   // ḣḁḐᶊ ᶩ ᶅᶨᶫᵾ "data" ᶱ ᵶᶅḘḋḝᶶᴻᶱ  

   buffer  B { data };  

 

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

 

accessor  A{B, h};  

h. parallel_for (size, [=]( auto&  idx ) {  

 
A[idx] = idx;  

 
});  

});  

 

// ḣḁḐ ᶍḘḋḝᶶᴻᶗᶍᶷ᷄ḃḁᶱ  

// ḏḘᶹḁ᷀ᴻḕḳᵫḏᴻḇᶱ ᵸᶪᶝᶆ   

host_accessor  A{B};  

for  ( int  i = 0; i < size; i++)  

std ::cout << "data["  << i << "] = "  << A[i] << " \ n" ;  

 

 

ḣḁḐ 

᷈ᴻḑ 

 
 

 
 

 

ḏḘᶹḁ 

᷈ᴻḑ 

 
 

 

ḣḁḐ 

᷈ᴻḑ 

return  0;  

}  

 
 2 - 2.  ᶉ SYCL ḟḵ᷅ḱḨ 

 

ḣḁḐ᷈ᴻḑ 

 

ᶷḟḲ᷆ᴻ᷿ḯḻᶊᶎ C++ ḣḁḐ᷈ᴻḑᵫ ᶝᶫᶅᵩᶩᴲᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁ

ḎḨᵫᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵶᵾ CPU ᶆ ᵴᶫᶝᵸᴳḣḁḐ᷈ᴻḑᶎᴲ

סּ ᶉḏḘᶹḁᶗᶍḷᴻ᷄ᶍ ᶩ ᶅᶱ ᴲᵩᶧᶒ ᵸᶪᶷḟḲ᷆ᴻ᷿ḯḻ

ᶍ ᶇᶉᶩᶝᵸᴳᵲᶫᶎᶝᵾSƎYCL ḱḻḇᶹḨᶊᶧᶂᶅ ᵴᶫᶪḏᴻḇᶇ∟

ᶱ ᵸᶪᶹḻḇᴻḝᶼᶹḁᶆᶡᵡᶩᶝᵸᴳ 
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ḣḁḐ᷈ᴻḑᶎCƎ++ ḱᶹḞḱḲᴻᶇᵶᶅ סּ ᶉ SYCL ᶍ ᶇ᷄

ḱḁᵫ ᵴᶫᵾ  C++ ᶍ᷈ᴻḑᶆᵸᴳᵲᶫᶊᶧᶩᴲḣḁḐ᷈ᴻḑᶆּךᵫ סּ

ᵴᶫᶪ  χ(C++ ᶆ ᵴᶫᶪᶡᶍᵸᶘᶅ) ᶱסּ ᵶᶣᵸᵮᶉᶩᴲḛḳḑ᷿ḁḎḨ

ᶇᶍ ᵫ ᵴᶫᶝᵸטּ  G 

 

ᶷḟḲ᷆ᴻ᷿ḯḻ ᶍḣḁḐ᷈ᴻḑᶎᴲḏḘᶹḁᶗᶍḏᴻḇ┌ ᶇ ᶍᶿḝḵ

ᴻḑᶱ ᵸᶪᵿᵰᶆᶉᵮᴲ ᶍḷᴻ᷄ ᶡ ᶆᵬᴲ ᶍ C++ ᶷ

ḟḲ᷆ᴻ᷿ḯḻᶇ ᶊḱᶹḞḱḲᴻᶱ ᶆᵬᶝᵸᴳ 

 

ḏḘᶹḁ᷈ᴻḑ 

 

ḏḘᶹḁᶎᴲḣḁḐ᷈ᴻḑᶱ ᵶᶅᵣᶪ CPU ᵪᶨ ᶊ ᵶᵾᶷ᷄ḃḱḴ

ᴻḇᴻᴲᶝᵾᶎḟḵḃḋ᷊ᴻᶊ ᵶᶝᵸᴳᵲᶍ ᶍ ᶆ ᵸᶪᶧᵥᶊᴲ

ᶆᶎḣḁḐᴴḟḵḃḋ᷊ᴻᶡḏḘᶹḁᶇᵶᶅᶡ ᵸᶪ ᵫᵡᶩᶝᵸᵫᴲḣḁḐᴴ

ḟḵḃḋ᷊ᴻᶇḏḘᶹḁᶎ ᶊ ᵣᶊ ᵶᶅᵣᶪᶇ ᵧᶪ ᵫᵡᶩᶝᵸᴳ  

ḣḁḐᴴḟḵḃḋ᷊ᴻᶎḕᶹḎᶸḞ C++ ᷈ᴻḑᶱ ᵶᴲḏḘᶹḁᶎ ᶍנּ ᶇ

ᶱ ᶟḏḘᶹḁ᷈ᴻḑᶱ ᵶᶝᵸᴳ 

 

᷂ḭᴻᶎᴲ ᶍ ᶍᵾᶠḏḘᶹḁᶊḷᴻ᷄ᶱ ᵸᶪḩ᷀ḓḂḨᶆᵸᴳḏḘ

ᶹḁ᷈ᴻḑᶊᶎᴲ ᵶᶅᵩᵮᶘᵬ 3 ᶃᶍ ᶉ ᵫᵡᶩᶝ :н 

 

1.  ḣḁḐ᷈ᴻḑᵪᶨ ᶊ ᵴᶫᶝᵸḣGḁḐḟḵ᷅ḱḨᶎḏḘᶹ

ḁ᷈ᴻḑᶱḏḘᶹḁᶊ ᵶᴲḱḻḇᶹḨᶎ ᶊ ᶉᵸᶘᶅᶍ∟

ᵫ ᵾᵴᶫᵾ ᶊᶍᶞᴲḷᴻ᷄ᶱ ᵶᶅ ᵶᶝ н(

ᶎ  3 ᶆ ᵶᶝ )нᴳḣḁḐḟḵ᷅ḱḨᶍ ᶎᴲ ᵴᶫᵾḷ

ᴻ᷄ᵫḏḘᶹḁ ᶆ ᵴᶫᶪ ᶊ ᵴᶫᴲ ᶊ 2 ᶃᶱ

ᵰᶉᵣ ᶩᴲḏḘᶹḁ ᶍ ᶎḣḁḐḟḵ᷅ḱḨᶍ ᶇᶎ

ᶆᵡᶪᶇᵣᵥ ᵫᵡᶩᶝᵸ  G 

 

ᵲᶍ ᶍ ᶇᵶᶅᴲḣḁḐḟḵ᷅ḱḨᵫḣḁḐᶷ᷄ḃ᷊ᴻ

ᶣḞḵḋ᷂ḻ᷅ᴴ᷂ḭᴻ ᶉᶈᶍḩ᷀ḓḂḨᶱ ᵷᶅ ᶱ

ᵸᶪᶝᶆᴲḏḘᶹḁᶆḷᴻ᷄ᵫ ᵴᶫᶪᵲᶇᶎ ᵴᶫᶝᵺᶲᴳ

ᵲᶫᶨᶍḩ᷀ḓḂḨᶊᶃᵣᶅᶎᴲ ᶍ ᶆ ᵶᶝᵸᴳ  

 

 



 

 

35  

 

 

2.  ᶷ᷄ḃḱḴᴻḇᴻᴴḏḘᶹḁ ᶆ᷈ḻḙᶹḳᵶᶅḙḝᶾᴻḦḻḁᶱ

ᵸᶪᵾᶠ ḏƎḘᶹḁ᷈ᴻḑᶊᶎ ᵫᵡᶩᶝᵸGᵾᶇᵧᶏᴲ ḩḪḲ

ᴻ ᶩ ᶅᶣḱḻḇᶹḨ  (RTTI) ᶎᴲ ᵮᶍᶷ᷄ḃḱḴᴻḇᴻ

ᶆḙḝᶾᴻḦḻḁᶍ ᶊᶃᶉᵫᶪᵾᶠᴲḏḘᶹḁ᷈ᴻḑזּ ᶆᶎ᷊ḥ

ᴻḐᵴᶫᶅᵣᶝᵺᶲ  GḏḘᶹḁ᷈ᴻḑᶍ ᶍ╗ ᶊᶃᵣᶅᶎ  Ǝ

10 ᶆ ᵶᵮ ᵶᶝᵸ G

 

3.  SYCL ᶊᶧᶂᶅ ᵴᶫᵾ╗ ᶍ ᶇ᷄ᶽḲᴻᶎᴲḏḘᶹḁ᷈ᴻḑ

ᶆᶍᶞ≥ ᶱ ᵸᵾᶠᴲḏḘᶹḁ᷈ᴻḑ ᶆᶍᶞ ᶆᵬᶝᵸᵾG

ᶇᵧᶏᴲḏḘᶹḁ᷈ᴻḑᶍ ᶹḻḁḇḻḁᵫᴲᶧᶩ ᵬᶉḏᴻḇ

∫ᶆᶍ∞ ᶱ ᵸᶪḷᴻ᷄ ᶍ ᷄ᶽḲᴻᶉᶈᵫᵡᶩᶝᵸ

 н(  4 ᶆ )  G

 

╗ ᶊᴲ᷂ḭᴻᶊ ᵴᶫᶪḷᴻ᷄ᶱʊ᷿᷄ḯḻᶇ ᶒᶝᵸᴳ  3 ᶆᶎᴲᶷ᷄

᷿ḯḻᶊᶎ ᵸᶪḏḘᶹḁ᷈ᴻḑᵿᵰᶆᶉᵮᴲḩḪḲᴻ┌ ᷈Ḧḻḑᶡ ᶝᶫᶪᵲ

ᶇᶱ ᵶᶝᵸᵲᶍ ᶆᶎᴲᶷ᷿᷄ḯḻᶍḏḘᶹḁ᷈ᴻḑᶊ ᶱ ᶅᶅᵣᶪᵾᶠᴲ

ḏḘᶹḁ᷈ᴻḑᶊᶃᵣᶅ ᶊ ᵶᶅᵣᶝᵸᴳ 
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ḏḘᶹḁᶍ  
 

ḏḘᶹḁ᷈ᴻḑᵫ ᵴᶫᶪ ᶱ ᵸᶪḩ᷀ḓḂḨᶱ ᶪᵾᶠᴲ ᶍ 5 ᶃᶍ

Ḯᴻḁ᷆ᴻḁᶱ ᵧᶅᶞᶝ :н 

 

 #1 : ᶈᶍḏḘᶹḁᵫ ᵴᶫᶪᵪᶱ ᶊᵺᵹᴲḏḘᶹḁ᷈ᴻḑ

ᶱ ᵶᶝᵸᴳᵲᶫᶎ ᶡ ᶉḁḎḋḟᶆᵡᶩᴲ ᶍ ᶍḁḎ

ḋḟᶇᶉᶩᶝᵸ  G

 

 #2 : ᶊ CPU ḏḘᶹḁ ᶆḏḘᶹḁ᷈ᴻḑɵ ᵶᶝ

ᵸᴳᶚᶇᶲᶈᶍ ᷿ḁḎḨᶊᶎᶷ᷄ḃḁּס ᶉ CPU ᵫᵡᶪᵾᶠᴲ

ḏḘḋ᷅ ᶊ ᵴᶫᶝᵸ  G 

CPU ḏḘḋ᷁ᴻᶎ ᶊ ᶉ ᶱ ᵧᶅᵣᶝᵸ  G

 

 #3 : ḏḘᶹḁ᷈ᴻḑ  ɵGPU ᶝᵾᶎ ᶍᶷ᷄ḃḱḴᴻḇᴻᶊḏ

ᶸḁḙḋḉᵶᶝᵸ G

 

 #4 : GPU ᶣ FPGA ᶉᶈ│ ḏḘᶹḁᶍḃḋḐᶊḏḘᶹḁ

᷈ᴻḑᶱḏᶸḁḙḋḉᵶᶝᵸᴳ 

 

 #5 סּ : ᶉ FPGA ḇᶹḟᶍ ᵪᶨ ᶍḇᶹḟᶍ 

FPGA ᶱ ᵸᶪᶉᶈᴲ╗ ᶉḏḘᶹḁ᷄ḱḁᵪᶨ ᶍḏḘᶹ

ḁᶱ ᵶᶝᵸ  G

ᶎ ᴲ  #2 ᶆּס ᶉ ᶩ᷈ᴻḑᶱḏḘḋ᷅ᵶᴲּס ᶉ ᶩ᷈ᴻḑᶱ

ḎḁḐᵶᵾ ᶊᶍᶞᴲ  #3  #5 ᶊ┌ ᵶᶝᵸ  G

 

 

 

 

 

 



 

 

37  

 

 

 #1: ᵡᶨᶥᶪḇᶹḟᶍḏḘᶹḁᶆ   
 

ḏḘᶹḁ᷈ᴻḑᵫᶈᵲᶆ ᵴᶫᶪᵪᶱ ᶊᵶᶉᵣ ᶎƎḱḻḇᶹḨᶊ ᵴᵺ

ᶪᶍᵫ ᶆᵸ ᵲGᶍ ᶎᴲᶈᶍḏḘᶹḁᶱ ᵸᶪᵪᶝᵿ ᵶᶅᵣᶉᵣ

ᶊᴲ᷈ᴻḑᶍ ᶇ ᶱ ⌐ᶊ ᶆᵬᶪᶧᵥᶊ ᵴᶫᶅᵣᶝᵸᵲGᶍḏ

Ḙᶹḁ ᶎ ᵴᶫᶪ᷈ᴻḑᶱ ᵶᶅᵣᶉᵣᵾᶠᴲ ᶆᶎᶉᵣ ≥ ᶉ

ᶇ ᶉᵸᶘᵬᶆᵸ  G

 

ḏḘᶹḁ ᶊ ᵶᵮ ᶫᶪ ᶊᴲ ᶊᶧᶂᶅ ᵴᶫᶅᵣᶅᶡᴲ ᶊḟḵ

᷅ḱḨᵫḏḘᶹḁᶇ ᵸᶪḩ᷀ḓḂḨᶆᵡᶪ᷂ḭ ᶊᴻᶃᵣᶅ ᵶᶝᵸ  G

 

᷂ḭ  ᴻ

 

᷂ḭᴻᶎᴲ ╗ᶍḏḘᶹḁᶆ ᵸᶪᵾᶠᶊᶷ᷿᷄ḯḻᵫ ᵴᶫᶪ ᶆᵸᴳטּ

ᵴᶫᵾ᷂ḭᴻ᷄ḱḁᶍטּ ᶱᴲ 2 -3  ᶇ  2 -4  ᶊ ᵶᶝᵸ  G 

ᶷ᷿᷄ḯḻᶎ ᴲḏᴻḇ ᶍ ᶱ≥ ᵶᶝᵸᵫᴲSYCL ḱḻḇᶹḨᶊᶧ

ᶪ ┌ ᶧᶩᶡ ᶉ ᵫ ᶉ ᶉᶈᴲḏᴻḇ┌ ᶱ ᶆ ᵸᶪ

ᶍ᷈Ḧḻḑᶡ ᶆᵬᶝᵸᴳ᷂ḭᴻᶊ ᵴᶫᵾḷᴻ᷄ᶎᴲ ḏᴻḇᶍּס ᶉ

ᶈᴲḱḻḇᶹḨᵫ ᵸᶪ ᵫ ᵾᵴᶫᵾ ᶊ ᵴᶫᶝᵸᴳ ᵲᶫᶨᶍ

ᶊᶃᵣᶅᶎᴲ  3 ᶇ  8 ᶆ ᵶᶝᵸ  G
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class  queue  {  

public:  

// ḏḝᶾḳḐḏḘᶹḁᶊ ᵰᶨᶫᵾ᷂ḭᴻᶱ   

queue ( const  property_list  = {});  

 
queue ( const  async_handler  &, const  property_list  & = {});  

 

// DeviceSelector ᶱ ᵶᶅ᷂ḭᴻᶱ ᵶᶝᵸ G

// DeviceSelector ᶎᴲḏḘᶹḁᶱ ᶆḱḻ᷄ ᵰᵸᶪ ᶒ ᵶּס  

//  ᶿḞḀᶼ᷄ḐᶆᵸcGpu_selector_v ᶣ gpu_selector_v ᶉᶈ  Ǝ  

// SYCL ᶍḏḘᶹḁḃḴ᷄ḇᵫᴻᵣᵮᶃᵪᵡᶩᶝᵸ  G

template  <typename  DeviceSelector > 

explicit  queue ( const  DeviceSelector  &deviceSelector ,  

 const  property_list  &propList  = {});  

 

// ḟḵ᷅ḱḨᵫᵸᶆᶊ ᶱ ᵶᶅᵣ  ᶅ  

// ᶉḏḘᶹḁᶊ ᵰᶨᶫᵾ᷂ḭᴻᶱ ᵶᶝᵸᴳ  

queue ( const  device  &, const  property_list  & = {});  

 

// ᶍ SYCL ᷈ḻḎ᷂ḁḐ ᶍḏḘᶹḁᶊ ᵰᶨᶫᵾ  

// ᷂ḭᴻᶱ ᵶᶝᵸᴳḏḘᶹḁᶍ ᶮᶩᶊḏḘᶹḁḃḴ᷄ḇᴻᶱ 

// ᵸᶪᵲᶇᶡᶆᵬᶝᵸ  G

queue ( const  context  &, const  device  &,  

      const  property_list  & = {});  

};  

 
 2 - 3.  ᷂ḭᴻ᷄ḱḁᶍ᷈ḻḁḐḱ᷄ḇᴻᶍ ᵴᶫᵾטּ  
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class  queue  {  

 public:  

// ᷈Ḧḻḑ᷅ḳᴻḟᶱᵲᶍ᷂ḭᴻᶊ ᵶᶝᵸ  G

// ᷈Ḧḻḑ᷅ḳᴻḟᶎᴲḱḨḈ ᶝᵾᶎƎ ᶿḞḀᶼ᷄Ḑᶊᵸᶪᵲᶇᵫᶆᵬᶝᵸᴳ 

//  ᷈Ḧḻḑ᷅ḳᴻḟᶆ ᵴᶫᵾᶷ᷿᷄ḯḻᶍḁḎᴻḇḁᶱ ☿ᵸᶪᶹḡḻḐᶱ ᵶᶝᵸᴳ  

template  <typename  T>  

event  submit ( T);  

 

// ∙ ᶊ ᵴᶫᵾᵸᶘᶅᶍᶷ᷿᷄ḯḻᶍ ᵫ ᵸᶪᶝᶆ ᵶᶝᵸ  G

void wait ();  

 

// ∙ ᶊ ᵴᶫᵾᵸᶘᶅᶍᶷ᷿᷄ḯḻᶍ ᵫ ᵸᶪᶝᶆ ᵶᶝᵸ  G

  //  ᶱ async_handler ᶊ ᵶᶝᵸG  

void  wait_and_throw ();  

};  

 
 2 - 4.  ᷂ḭᴻ᷄ḱḁᶍ ḩḻḘᴻ ᶍ ᵴᶫᵾטּ  

 

᷂ḭᴻᶎ ╗ᶍḏḘᶹḁᶊḘᶹḻḑᵴᶫᴲᵼᶍḘᶹḻḑᶎ᷂ḭᴻᶍ ᶊ

ᵶᶝᵸᴳ᷂ḭᴻᶊ ᵴᶫᵾḷᴻ᷄ᶎᴲ᷂ḭᴻᵫḘᶹḻḑᵴᶫᶅᵣᶪ ╗ḏḘᶹḁ

ᶆ ᵴᶫᶪᵲᶇᶱ ᵸᶪᵲᶇᵫ ᶆᵸᴳ᷂ḭᴻᶱḏḘᶹḁᶍ ᶊḦḋḟᵸ

ᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳᵼᵥᵸᶪᶇᴲᶈᶍḏḘᶹḁᵫḷᴻ᷄ᶱ ᵸᶪᶘᵬᵪ ᶊ

ᶉᶩᶝᵸᴳ ᶊᴲ᷂ḭᴻᶎ ᶊ ᶨᶫᵾḷᴻ᷄ᶱ ᶍḏḘᶹḁᶊ ᶆᵬᶝ

ᵺᶲ  G ᶮᶩᶊᴲ  2 -5  ᶊ ᵸᶧᵥᶊᴲ᷂ḭᴻᶇᴲᵼᶍ᷂ḭᴻᶊ ᵴᶫᵾḷᴻ᷄

ᵫ ᵴᶫᶪḏḘᶹḁᶍ ᶊᶎ ᶉḦḋḜḻ᷅ᵫ ᵶᶝᵸᴳ 
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 2 - 5.  ᷂ḭᴻᶎ ╗ḏḘᶹḁᶊ ᶩ ᶅᶨᶫᶝᵸᴳ᷂ḭᴻᶊ ᵴᶫᵾḷᴻ᷄ᶎᵼᶍḏḘᶹ

ḁ ᶆ ᵴᶫᶝ  н

 

ᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶣḟḵ᷅ḱḧḻ᷅ᴴḁḇᶹḳᶊꞌᵷᶅᴲḟḵ᷅ḱḨ ᶊ

ᶍ᷂ḭᴻᶱ ᶆᵬᶝᵸᴳᵾᶇᵧᶏᴲᵼᶫᵽᶫ│ᶉᶪḏḘᶹḁᶊḘᶹḻḑᵶᵾᶩᴲ

ḣḁḐḟḵ᷅ḱḨ ᶍ│ᶉᶪḁḴḋḑᶆ ᵸᶪᵾᶠᴲ ᶍ᷂ḭᴻᶱ ᶆᵬᶝ

ᵸᴳ ᶍ│ᶉᶪ᷂ḭᴻ  ɵGPU ᶉᶈᶍ ╗ᶍḏḘᶹḁᶊḘᶹḻḑᵸᶪᵲᶇᵫᶆ

ᵬᶝᵸᴳᵼᶫᶨᶍ│ᶉᶪ᷂ḭᴻᶊ ᵸᶪᶇᴲḘᶹḻḑᵴᶫᵾḷᴻ᷄ᵫḏḘᶹḁ

ᶆ ᵴᶫᶝᵸᴳᵲᶍ ᶱ  2 -6  ᶊ ᵶᶝᵸᴳ ᶊᴲ ᵶᵾᶧᵥᶊᴲ᷂ḭᴻᶎ

ᶍḏḘᶹḁᶊḘᶹḻḑᶆᵬᶝᵺᶲᴳᵼᶫᶎᴲᶷ᷿᷄ḯḻᶍ ᵫᶈᵲᶊ ᵶ

ᶅ ᶮᶫᶅᵣᶪᵪᴲᵣᵪᶉᶪ ᵴᶡᵡᶂᶅᶎᶉᶨᶉᵣᵾᶠᶆᵸᴳ ᵾᶇᵧᶏᴲ

ᶍḏḘᶹḁ ᶆḷᴻ᷄ᶱ ᵸᶪ᷂ḭᴻᵫ ᶉ ᴲ᷈ᴻḑ ᶊᵼᶍ טּ

ᶱ ᶆᵬᶝᵸ  G 
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 2 - 6.  ᵷḏḘᶹḁᶊ ᶍ᷂ḭᴻᶱ ᶩ ᶅᶪᵲᶇᵫᶆᵬᶝ н

 

᷂ḭᴻᶎ ᶍḏḘᶹḁᶊḘᶹḻḑᵴᶫᶪᵾᶠᴲ᷂ḭᴻᶍ ᶎᴲ᷂ḭᴻᶊ

ᵴᶫᵾᶷ᷿᷄ḯḻᵫ ᵴᶫᶪḏḘᶹḁᶱ᷈ᴻḑ ᶆ ᵸᶪ ᶡ╗ ᶉ

ᶆᵸᴳ᷂ḭᴻᶱ ᵸᶪ ᶍḏḘᶹḁ ᶎᴲḏḘᶹḁḃḴ᷄ḇᴻᶍ ᶊᶧᶂטּ

ᶅ ᵴᶫᶝᵸ  G

 

≥ᶍḏḘᶹḁᵫ סּ ᶉ ᶍ᷂ḭᴻᶇḏḘᶹḁᶍḘᶹḻḑ 

 

 2 -7  ᶎᴲ᷂ḭᴻᵫḘᶹḻḑᵴᶫᶪḏḘᶹḁᵫ ᵴᶫᶅᵣᶉᵣ ᶆᵸᴳ╥ ᶱ

ᶨᶉᵣḏḝᶾḳḐᴴ᷂ḭᴻᴴ᷈ḻḁḐḱ᷄ḇᴻ (  2 -7  ᶱ ) ᶎᴲḘḋ᷄᷅ḱᶻ

ḻḑᶆ סּ ᶉḏḘᶹḁᶱ ᵶᶝᵸᴳ  

SYCL ᶎᴲ ᶉᵮᶇ  ɟ 1 ᶃᶍḏḘᶹḁᵫ ᶊ סּ ᶆᵡᶪᵲᶇᶱ ᵸᶪᵾᶠᴲ

ḏḝᶾḳḐᶍ ḩ᷀ḓḂḨᶊᶧᶂᶅ ᶊּךᶨᵪᶍḏḘᶹḁᶱ ᵶᶝᵸᴳ ᵮᶍ

ᴲ ᵴᶫᵾḏḘᶹḁᶎḣḁḐḟḵ᷅ḱḨᶱ ᵶᶅᵣᶪ CPU ᶆᵡᶪּס

ᵫᵡᶩᶝᵸᵫᴲᵲᶫᶎ ᵴᶫᶝᵺᶲᴳ 
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#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 

int  main () {  

// ᶆ ᵴᶫᵾḏḝᶾḳḐᶍḏḘᶹḁ ᶊ᷂ḭᴻᶱ ᵶᶝᵸ  G  

//  ∆ ᶊ default_selector_v ᶱ ᵶᶝᵸ  G

queue  q;  

 

std ::cout << "Selected device: "  

  << q. get_device (). get_info <info :: device ::name>()  

  << " \ n" ;  

 
 return  0;  

}  

 
᷊ḻḟḳ  (᷿ḁḎḨᶊꞌᵷᶅ ᵳᶇᶊ 1 ):  

Selected device: NVIDIA GeForce RTX 3060  

Selected device: AMD Radeon RX 5700 XT  

Selected device: Intel(R) Data Center GPU Max 1100  

Selected device: Intel(R) FPGA Emulation Device  

Selected device: AMD Ryzen 5 3600 6 - Core Processor  

Selected device: Intel(R) UHD Graphics 770  

Selected device: Intel(R) Xeon(R) Gold 6128 CPU @ 3.40GHz  

Selected device: 11th Gen Intel(R) Core(TM) i9 - 11900KB @ 3.30GHz  

ᶊᶡᵾᵮᵴᶲ ᵧᶨᶫᶝ éнᵲᶫᶨᶎᶚᶲᶍ╗ ᶆ  н

 
 2 - 7.  ᷂ḭᴻᶍ ᶉ ᶊᶧᶪ∆ ᶉḏḝᶾḳḐᴴḏḘᶹḁᴴḃḴ᷄ḇᴻ 

 

ᶉ᷂ḭᴻᴴ᷈ḻḁḐḱ᷄ḇᴻᶱ ᵸᶪᶍᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻ ᶱ ᵶᴲ

ḏḘᶹḁ᷈ᴻḑᶱ ᵶᶅ ᵸᶪ ᶉ ᶆᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶊꞌ

ᵷᶅᴲ᷂ḭᴻᶊḘᶹḻḑᵴᶫᵾḏḘᶹḁᶍ ᶱᵴᶨᶊ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ 

 

 

 #2:  ᴲḏḘḋ᷅ᴲḏḟḵᶹḩḻḐᶊ CPU ḏḘᶹḁ

ᶱ  
 

CPU ḏḘᶹḁᶎᴲḣḁḐ CPU ᵫ ᵶᵾḏḘᶹḁᶇᵶᶅ ᵸᶪᶡᶍᶇ ᵧᶪ

ᵲᶇᵫᶆᵬᴲᵲᶫᶊᶧᶩ᷿ḁḎḨ ᶍᶷ᷄ḃḱḴᴻḇᴻᶍ ᶊᵪᵪᶮᶨᵹᴲḏḘ

ᶹḁ᷈ᴻḑᶱ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ ḣḁḐḟḵ᷅ḱḨᶱ ᵸᶪḟḵḃḋ᷊

ᴻᵫ ᶊ︣ ᵶᶅᵣᶪᵾᶠ CƎPU ḏḘᶹḁᶎᶷḟḲ᷆ᴻ᷿ḯḻᵪᶨ ᶊ ᶆᵬ

ᶝ  н  
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(ᵴᶝᵵᶝᶉ ᵪᶨᴲ ᶊᶧᶂᶅ CPU ᵫ SYCL ḏḘᶹḁᶇᵶᶅ ᵴᶫᶉ

ᵣᵲᶇᶡᶝᶫᶊᵡᶩᶝ )нᴳ᷈ᴻḑ ᶊ CPU ḏḘᶹḁᶱ ᵸᶪᶇᴲᵣᵮᶃᵪᶍ

ᵫᵡᶩᶝ :н 

 

1.  ᶷ᷄ḃḱḴᴻḇᴻᶱ ᵶᶅᵣᶉᵣ ᷿ḁḎḨᶆᶍḏḘᶹḁ᷈ᴻ

ḑᶍ : ╗ ᶉ ᶇᵶᶅᶎᴲḙḝᶾᴻḦḻḁᴴḎḁḐᶇ ᶍטּ

ᵾᶠ HƎPC ᷄ḱḁḇᴻᶊ ᵸᶪ ᶊḵᴻ᷀ḳ᷿ḁḎḨᶆḏḘᶹḁ

᷈ᴻḑᶱ ᵩᶧᶒḎḁḐᵸᶪᵲᶇᵫ ᵱᶨᶫᶝᵸᴳ 
 

2.  ᶷ᷄ḃḱḴᴻḇᴻᴴḌᴻḳᶱ ᵶᵾḏḘᶹḁ᷈ᴻḑᶍḏḘḋ :᷅ ᶷ

᷄ḃḱḴᴻḇᴻᶎᴲ ᵮᶍ ᴲḣḁḐ CPU ᶆ ᶆᵬᶪᶚᶈ

ᶉḏḘḋ᷅Ḍᴻḳᶱ ᵧᶅᵣᶉᵣ Ḵḡḳᶍ API ᶱ ᵷᶅ ᵴ

ᶫᶝᵸᴳᵲᶍ ᶱ ᶝᵧCƎPU ḏḘᶹḁᶎ  Ǝ ᶊ ᶞ ᵣ

Ḍᴻḳᶱ ᵣᵾḏḘḋ᷅ᶱ᷊ḥᴻḐᵸᶪᵲᶇᵫ ᵴᶫᶝᵸᴳ 
 

3.  ᶍḏḘᶹḁᵫ ᶆᵬᶉᵣ ᶍḘḋ᷄ᶷḋḟᶇᵶᶅᴲḏḘᶹḁ᷈

ᴻḑᵫ ᶊ ᶆᵬᶪᵲᶇᶱ ᵶᶝ :н CPU ḏḘᶹḁᶎᴲḙ

ḝᶾᴻḦḻḁᶱ ᶇᵶᶉᵣ ᶣᴲ᷀ᴻḕḳ᷈ᴻḑᵫ ᵴᶫטּ

ᵾᶷᴻ᷂Ḏ᷄ḉḫᴻᶊ ᵶᶉᵣּס ᵫᵡᶩᶝᵸᵫᴲḏḘᶹḁ᷈ᴻ

ḑᵫᶈᶍᶷḟḲ᷆ᴻ᷿ḯḻᶆᶡ ᶊ ᶆᵬᶪᵲᶇᶱ ᵸᶪ

ᶉḘḋ᷄ᶷḋḟᶇᵶᶅ⅛ᶮᶫᶝᵸᴳ 

 

SYCL ᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎ ᶍ CPU ḏḘᶹḁᵫ סּ ᶆᵡᶩᴲḏḘḋ

᷅ᶍ ⌐ᵴᶱ ᶇᵶᵾḏḘᶹḁᶡᵡᶫᶏᴲ ḙḝᶾᴻḦḻḁᶊ ᶱ ᵣᵾḏ

Ḙᶹḁᶡᵡᶩᶝᵸᴳᵲᶍ ᶍ ᶆ ᵸᶪᶧᵥᶊᴲḏḘᶹḁᶷḁḢ᷄Ḑᶱ ᵶᶅᴲ

ᵲᶫᶨᶍ│ᶉ  ᶅCPU ḏḘᶹḁᶱ ᶆᵬᶝᵸ  G

 

ḏḘᶹḁ᷈ᴻḑᶍ ᶇḏḘḋ᷅ᶊ CPU ḏḘᶹḁᶱ ᵸᶪᵲᶇ ᵸᶪ

CƎPU ᶇḇᴻ᷇ḋḐᴴᶷ᷄ḃḱḴᴻḇᴻᴴᶷᴻ᷂Ḏ᷄ḉḫᴻ (GPU ᶉᶈ) ᶍ┴ᵣ

ᶱ ᵸᶪ ᵫᵡᶩᶝᵸ  G 
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ᶊ᷈ᴻḑᶍḙḝᶾᴻḦḻḁ ᶱטּ ᶇᵶᴲᵴᶨᶊ᷊Ḟ᷅ḳᴻḟᶉᶈᶧᶩ

ᶉ ᶱ ᵸᶪ ᴲᶷᴻ᷂Ḏ᷄ḉḫᴻ ᶆ ᶇḙḝᶾᴻḦḻḁᶊ │ᵫ

ᵷᶪּס ᵫᵡᶩᶝᵸᴳᵾᶇᵧᶏᴲ ᵶᵣḏḘᶹḁᶊ┌ ᵸᶪᶇᴲ᷊Ḟ᷅ḳᴻḟᶍ

᷊ᶹḂᵫ ᶮᶪ ᵫᵡᶩᶝᵸᴳ ᴲ ᶇḏḘḋ᷅ᶍᶚᶇᶲᶈᶎ CPU ḏḘᶹ

ḁ ᶆ ᵴᶫᴲᵼᶍ ᶊḇᴻ᷇ḋḐᴴḏḘᶹḁᴴᶷᴻ᷂Ḏ᷄ḉḫᴻ ᶆ ᶉḉ

ḭᴻḓḻ᷅ᶇḏḘḋ᷅ᵫ ᶮᶫᶪᵲᶇᶆᵶᶦᵥᴳ 

 

CPU ḏḘᶹḁᶎᴲ᷂ḭᴻᶱḘᶹḻḑᵶᶅḏḘᶹḁ᷈ᴻḑᶱ ᶆᵬᶪᶇᵣᵥ

ᶆᴲ ᶊᶎḗᴻḑᶻᶼᶷᴴᶷ᷄ḃḱḴᴻḇᴻᶇ ᶆᵸᴳ 2 -8  ᶎ CƎPU ḏ

Ḙᶹḁᵫ᷿ḁḎḨᶆ סּ ᶉ ᶍᶷ᷄ḃḱḴᴻḇᴻᶇ ᶉ ᶊᵡᶪ ᶱ

ᵶᶅᵣᶝᵸ GGPU  ɥFPGA ᶇ ᶊḏḘᶹḁ᷈ᴻḑᶱ ᶆᵬ1Ǝ ᶃ∙ ᶍ

᷂ḭᴻᶱ ᵶᶅḘᶹḻḑᶆᵬᶝᵸᴳ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 2 - 8.  CPU ḏḘᶹḁᶎ ᶍᶷ᷄ḃḱḴᴻḇᴻᶇ ᶊḏḘᶹḁ᷈ᴻḑᶱ ᶆᵬᶝᵸ 

 

 2 -9  ᶊ ᵸᶧᵥᶊᴲᶷḟḲ᷆ᴻ᷿ḯḻᶎᴲ᷂ḭᴻᴴ᷈ḻḁḐḱ᷄ḇᴻᶊ 

cpu_selector_v ᶱ ᶊ ᵸᵲᶇᶆ CƎPU ḏḘᶹḁᶊḘᶹḻḑᵴᶫᵾ᷂ḭ

ᴻᶱ ᵸᶪᵲᶇᶡᶆᵬᶝᵸ  G
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#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 

int  main () {  

 // CPU ḏḘᶹḁᶱ ᶊ ᵸᶪ᷂ḭᴻᶱ  

 queue   q{ cpu_selector_v  };  

 

 std ::cout << "Selected device: "  

   << q. get_device (). get_info <info :: device ::name>()  

   << " \ n" ;  

 std ::cout  

  << " - > Device vendor: "  

  << q. get_device (). get_info <info :: device ::vendor>()  

  << " \ n" ;  

 

 return  0;  

}  

 

:  

Selected device: Intel(R) Xeon(R) Gold 6128 CPU @ 3.40GHz  

- > Device vendor: Intel(R) Corporation  

 

 
 2 - 9.  cpu_selector_v ᶱ ᵶᶅḣḁḐḏḘᶹḁᶱ ᵶᶝ н

 

ᶊ ᵶᶅᵣᶉᵣ ᶆ  ɟ( cpu_selector_v  ᶱ ᵸᶪᶉᶈ)ᴲ  2 -7  

ᶍ ᶊ ᵸᶧᵥᶊᴲḏḝᶾḳḐḃḴ᷄ḇᴻᶊᶧᶂᶅ CPU ḏḘᶹḁᵫ ᵴᶫᶪ

ᵲᶇᵫᵡᶩᶝᵸ  G

 

ḏḘᶹḁḃḴ᷄ḇᴻᶊᶎᵣᵮᶃᵪᶍḘḲᶽᴻ᷿ḯḻᵫ ᵴᶫᶅᵩᶩᴲ

ᶍḏḘᶹḁᶱ ᶊḇᴻ᷇ḋḐᶊᶆᵬᶝᵸᴳcpu_selector_v  ᶎᵲᶫᶨᶍḃḴ᷄

ḇᴻᶍ 1 ᶆᵡᶩᴲ ᶍḃ᷿᷄ḯḻᶆ ᶍḃḴ᷄ḇᴻᶊᶃᵣᶅᶡ ᵶᶝᵸᴳ 

 

 

 #3: GPU ( ᶝᵾᶎ ᶍᶷ᷄ḃḱḴᴻḇ )ᴻ ᶱ  
 

ᶍ ᶎ GPU ᶱ ᵶᶅᵣᶝᵸᵫᴲᶈᶍḇᶹḟᶍᶷ᷄ḃḱḴᴻḇᴻᶆᶡ ᶊ

ᶆᵬᶝᵸᴳᶷ᷄ḃḱḴᴻḇᴻᶍ╗ ᶉ᷄ḱḁᶱ ⌐ᶊḇᴻ᷇ḋḐᶊᶆᵬᶪᶧᵥᶊᴲ

ḏḘᶹḁᶎᵣᵮᶃᵪᶍ ᶉ᷀Ḏ᷉Ḳᴻᶊ᷅ḳᴻḟּטᵴᶫᶅᵩᶩᴲSYCL ᶎᵼᶫ

ᶨᶍḛḳḐᶹḻᴴḃḴ᷄ḇᴻᴴ᷄ḱḁᶱ ᵶᶅᵣᶝᵸᴳᴾ᷿ḁḎḨᶆ סּ ᶉ ≥

ᶍ GPU  Rᶉᶈᴲ ᶉḏḘᶹḁᴴḇᶹḟᴴ᷀Ḏ᷉Ḳᴻᵪᶨ ᵸᶪ ᴲ ꞌᵸᶪ

᷈ᴻḑᶎᵲᶍḃ᷿᷄ḯḻᶆ ᵸᶪᶧᵥᶊ ᶊ ᶆᵸᴳ 
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ᶷ᷄ḃḱḴᴻḇᴻᴴḏḘᶹḁ 

 

SYCL ᶍ ᶆᶎᴲᶷ᷄ḃḱḴᴻḇᴻᶍ ᶎᵣᵮᶃᵪᶍ ᶉ᷅ḳᴻḟᶊ

ᵰᶨᶫᶝ :н 

 

1.  CPU ḏḘᶹḁ  G

2.  GPU ḏḘᶹḁ  G

3.  ᶷ᷄ḃḱḴᴻḇᴻᶎCƎPU ḏḘᶹḁᶆ  ɟGPU ᶆᶡᶉᵣḏḘᶹḁᶱ᷂ḫ

ḟḉḫᴻᵶᶝᵸᴳᵲᶫᶊᶎFƎPGA  ɥDSP ḏḘᶹḁᵫ ᶝᶫᶝᵸ  G

 

ᵲᶫᶨᶍ᷀Ḏ᷉ḲᴻᶍḏḘᶹḁᶎᴲḛḳḐᶹḻḃḴ᷄ḇᴻᶱ ᵶᶅ᷂ḭᴻᶊ

ᶊḘᶹḻḑᶆᵬᴲ᷂ḭ ᴻ(ᵩᶧᶒᵼᶍ ᶍ᷄ḱḁ) ᶍ᷈ḻḁḐḱ᷄ḇᴻᶊ ᵸᵲᶇ

ᵫᶆᵬᶝᵸ  G

 

ḏḘᶹḁḃḴ᷄ḇ  ᴻ

 

᷂ḭᴻ᷄ḱḁᶉᶈᴲ ᶍḏḘᶹḁᶊḘᶹḻḑᵸᶪ ᵫᵡᶪ᷄ḱḁᶊᶎᴲ

DeviceSelector  ᶱ ᵰ ᶫᶪ᷈ḻḁḐḱ᷄ḇᴻᶱ ᶀᶝᵸᴳ

DeviceSelector  ᶎᴲḏḘᶹḁᶗᶍ const ᶱ ᵰ ᶪ ᶒ ᵶּס ᶿḞ

Ḁᶼ᷄ḐᶆᵡᶩᴲḏḘᶹḁᶱ ᶊḱḻ᷄ ᵰᵶᶅᴲḱḻḇᶹḨᵫ ḱḻ᷄ᶍḏ

Ḙᶹḁᶱ ᶆᵬᶪᶧᵥᶊᵶᶝᵸ G ᵧᶏ DƎeviceSelector  ɵ ᵰ ᶫᶪ᷂ḭ

ᴻᶍ᷈ḻḁḐḱ᷄ḇᴻᶍ 1 ᶃᶎ qƎueue( const device_selector 

&deviceSelector,const property_list &propList = {}); ᶆᵸ  G

 

╗ ᶉ ∫ᶍ᷄ḱḁᶍḏḘᶹḁᶊ ꞌᵸ  ᶅ4 ᶃᶍḛḳḐᶹḻḃḴ᷄ḇᴻᵫ

ᵡᶩᶝ :н 

 
default_selector_v  
 

cpu_selector_v  

 

 

gpu_selector_v  

 

 

accelerator_selector_v  

ᵫ ᵶᵾ ≥ᶍḏḘᶹḁ 
 

ḏḘᶹḁ᷄ᶽḲᴻᶆ  ɵCPU ᶇᵶᶅ ᵸᶪḏ

Ḙᶹḁᶱ ᵶᶝ  н

ḏḘᶹḁ᷄ᶽḲᴻᶆ  ɵGPU ᶇᵶᶅ ᵸᶪḏ

Ḙᶹḁᶱ ᵶᶝᵸ G

FPGA ᶱ ᶟᴲᴾᶷ᷄ḃḱḴᴻḇᴻᴿ ᶇᵶᶅ ᵴ

ᶫᶪḏḘᶹḁᶱ ᵶᶝ  н 
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DPC++ ᶊ ᶝᶫᶪ ḃḴ᷄ḇנּ  ᴻ(SYCL ᶆᶎ ᶆᵬᶝᵺ )ɸ ᶎᴲḠḋḈ  ᴻ

"sycl/ext/intel/fpga_extensions.hpp " ᶱᶹḻ᷄ḳᴻḑᵸᶪᵲᶇᶆ ᶆ

ᵬᶝᵸ  G

ext::intel::fpga_selector_v  ᶎᴲ  ɵFPGA ᶇᵶᶅ ᵸᶪḏḘᶹ

ḁᶱ ᵶᶝ  н

᷂ḭᴻᶎ qƎueue myQueue{ gpu_selector_v{} };  ᶉᶈᶍḛḳḐᶹḻḃḴ

᷄ḇᴻᶱ ᵶᶅ ᶆᵬᶝᵸ G

 

 2 - 10  ᶎ GPU ḃḴ᷄ḇᴻᶱ ᵶᵾ ᶱ ᵶ  Ǝ2 - 11  ᶎ᷂ḭᴻᶇ סּ

ᶉ GPU ḏḘᶹḁᶍ ꞌᵸᶪḘᶹḻḑᶱ ᵶᶅᵣᶝᵸᴳ 

 

 2 -12  ᶎᴲᵴᶝᵵᶝᶉḛḳḐᶹḻᴴḃḴ᷄ḇᴻᴴ᷄ḱḁᶱ ᵸᶪ ᶱ ᵶᶅᵩ

ᶩᴲ ᶊḏḘᶹḁḃḴ᷄ḇᴻᶱ ᵰ ᶫᶪ ᶍ᷄ḱḁ (ḏḘᶹḁ) ᶍḏḘᶹḁḃ

Ḵ᷄ḇᴻᶍ ᵣ ᶡ ᵶᶅᵣᶝᵸ G

 
#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 

int   main () {  

סּ //  ᶉ GPU ḏḘᶹḁᶊḘᶹḻḑᵴᶫᵾ᷂ḭᴻᶱ   

 queue  q{ gpu_selector_v };  

 

 std ::cout << "Selected device: "  

   << q. get_device (). get_info <info :: device ::name>()  

   << " \ n" ;  

 std ::cout  

  << " - > Device vendor: "  

  << q. get_device (). get_info <info :: device ::vendor>()  

  << " \ n" ;  

 
 return  0;  

}  

 

:  

Selected device: AMD Radeon RX 5700 XT  

 - > Device vendor: AMD Corporation  

 
 2 - 10.  GPU ḏḘᶹḁḃḴ᷄ḇᴻᶍ  
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 2 - 11.  ᶷḟḲ᷆ᴻ᷿ḯḻᶆ סּ ᶉ GPU ḏḘᶹḁᶊḘᶹḻḑᵴᶫᵾ᷂ḭ ᴻ
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#include  <iostream>  

#include  <string>  

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

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 

void  output_dev_info ( const  device&  dev ,  

    const  std :: string & selector_name ) {  

  std ::cout << selector_name << ": Selected device: "  

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

  std ::cout << "  - > Device vendor: "  

  << dev . get_info <info :: device ::vendor>() << " \ n" ;  

}  

 

int  main () {  

output_dev_info ( device { default_selector_v },  

   "default_selector_v" );  

output_dev_info ( device { cpu_selector_v }, "cpu_selector_v" );  

output_dev_info ( device { gpu_selector_v }, "gpu_selector_v" );  

output_dev_info ( device { accelerator_selector_v },  

"accelerator_selector_v" );  

output_dev_info ( device { ext :: intel :: fpga_selector_v },  

   "fpga_selector_v" );  

 
 return  0;  

}  

 
:  

default_selector_v: Selected device: Intel(R) UHD Graphics [0x9a60]  

 - > Device vendor: Intel(R) Corporation  

cpu_selector_v: Selected device: 11th Gen Intel(R) Core(TM) i9 - 11900KB @ 3.30GHz  

- > Device vendor: Intel(R) Corporation  

gpu_selector_v: Selected device: Intel(R) UHD Graphics [0x9a60]  

- > Device vendor: Intel(R) Corporation  

accelerator_selector_v: Selected device: Intel(R) FPGA Emulation Device  

- > Device vendor: Intel(R) Corporation  

fpga_selector_v: Selected device: pac_a10 : Intel PAC Platform (pac_ee00000)  

- > Device vendor: Intel Corp  

 
 2 - 12.  ᵴᶝᵵᶝᶉ᷄ḱḁᶍḏḘᶹḁḃḴ᷄ḇᴻᶍḏḘᶹḁ ᶍ ᶇᴲḏḘᶹḁḃḴ

᷄ḇᴻᵫ᷂ḭᴻ∙ ᶍ ᶊᶡ ᶆᵬᶪ  (ᵲᶍ ᶎᴲḏḘᶹḁᴴ᷄ḱḁᴴᶹḻḁḇḻḁᶍ

)  

 

ḏḘᶹḁᶍ ᶊ ᵶᵾ  

 

᷂ḭᴻᶉᶈᶍᶿḞḀᶼ᷄Ḑᶱ ᵸᶪ ᶊ GPU ḃḴ᷄ḇᴻᵫ ᵴᶫᴲḱḻḇᶹ

Ḩᶆ ᶆᵬ  ᶅGPU ḏḘᶹḁᵫᶉᵣ ᴲḃḴ᷄ḇᴻᶎ runtime_error  

ᶱḁḵᴻᵶᶝᵸᴳᵲᶫᶎᵸᶘᶅᶍḏḘᶹḁᴴḃḴ᷄ḇᴻᴴ᷄ḱḁᶊ ᶅᶎᶝᶩᴲ ᶉ

᷄ḱḁᶍḏḘᶹḁᵫ ᶆᵬᶉᵣ rƎuntime_error  ᵫḁḵᴻᵴᶫᶝᵸ  G 
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ᶉᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎᴲᶽḱᴻᶱ᷂ḫḋḉᵶᴲ ᶮᶩᶊ (ᶷḟḲ᷆ᴻ᷿ḯḻ/ᶷ

ḳ᷉ḲḂḨᶊᶇᶂᶅ) ᵡᶝᶩ ᶝᵶᵮᶉᵣḏḘᶹḁ᷄ḱḁᶱ ᵸᶪᶍᵫ ᶆ

ᵸᴳ ᶇᶽḱᴻ ᶊᶃᵣᶅᶎ  Ǝ5 ᶆ ᵶᵮ ᵶᶝᵸ G

 

 

 #4: ᶍḏḘᶹḁᶱ  
 

 2 -5  ᵩᶧᶒ 2 -6  ᶊ ᵸᶧᵥᶊᴲᶷḟḲ᷆ᴻ᷿ḯḻ ᶊᶎ ᶍ᷂ḭᴻᶱ

ᶆᵬᶝᵸ ᵲGᶫᶨᶍ᷂ḭᴻᶎᴲ ╗ᶍḏḘᶹḁ (᷂ḭᴻᶗᶍḷᴻ᷄ᶍ ᵫ ╗ᶍ

ḏḘᶹḁᶊ ᵴᶫᶝ )нᴲ ᶍḏḘᶹḁᴲᶝᵾᶎᵲᶫᶨᶍ ᶞ ᶮᵺᶊḘᶹḻ

ḑᶆᵬᶝᵸᴳ  2 -13  ᶎ GƎPU ᶊḘᶹḻḑᵴᶫᵾ᷂ḭᴻᶇFƎPGA ᶊḘᶹḻḑᵴ

ᶫᵾ᷂ḭᴻᶱᵼᶫᵽ  ʟ1 ᶃᵹᶃ ᵸᶪ ᶱ ᵶᶅᵣᶝᵸᴳ ꞌᵸᶪḦḋḜḻ᷅

ᶱ  2 -14  ᶊ ᵶᶝᵸ  G

 
#include  <iostream>  

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

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 

int  main () {  

 queue  my_gpu_queue ( gpu_selector_v );  

 queue  my_fpga_queue ( ext :: intel :: fpga_selector_v );  

 

 std ::cout << "Selected device 1: "  

   << my_gpu_queue . get_device ()  

           . get_info <info :: device :: name>()  

   << " \ n" ;  

 

 std ::cout << "Selected device 2: "  

   << my_fpga_queue . get_device ()  

           . get_info <info :: device :: name>()  

   << " \ n" ;  

 
 return  0;  

}  

 
:  

Selected device 1: Intel(R) UHD Graphics [0x9a60]  

Selected device 2: pac_a10 : Intel PAC Platform (pac_ee00000)  

 
 2 - 13.  GPU ᶇ FPGA ḏḘᶹḁ ᶗᶍ᷂ḭᴻᶱ  

 

 

 

 

 



 

 

51  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 2 - 14.  GPU + FPGA ḏḘᶹḁḃḴ᷄ḇᴻᶍ : 1 ᶃᶍ᷂ḭᴻᶎ GPU ᶊḘᶹḻḑᵴᶫᴲ

ᶡ  v1 ᶃᶍ᷂ḭᴻᶎ FPGA ᶊḘᶹḻḑᵴᶫᶝ  н

 

 

 #5: ᷀ḁḇḨ ( ᶊ ᶍ) ḏḘᶹḁ  
 

ᵲᵲᶆᶎᴲ᷀ḁḇḨḃḴ᷄ḇᴻᶍ ᶱ ᶅᵣᵬᶝᵸᴳᵲᶍ ᶍ ᶍᶚᵪᶊᴲ

 12 ᶊᶡᵣᵮᶃᵪᶍ ᵫ ᵴᶫᶅᵣᶝᵸᴳḛḳḐᶹḻᴴḏḘᶹḁᴴḃḴ᷄ḇᴻᶎᴲ

᷈ᴻḑᶱ ᵮ ᵶᶅ ᵸᶪᵲᶇᶱ ᶇᵶᶅᵣᶝᵸᴳ ᶍᶷḟḲ᷆ᴻ᷿ḯ

ḻᶆᶎ ᴲ᷿ḁḎḨᶆ סּ ᶉ GPU ḇᶹḟᶍ ᵪᶨ ᶉ GPU ᶱ ᵸ

ᶪᶉᶈᴲ ḏḘᶹḁᶍ ᵫ ᶊᶉᶪᵲᶇᵫᵡᶩᶝᵸᴳḏḘᶹḁ ᶍḩ᷀ḓ

ḂḨᶎᴲ ᶉḵḀḋ᷄ᶗ ⌐ᶊ ᶆᵬᶪᵾᶠᴲ ᵸᶪḏḘᶹḁᶍ ᶊ

ᶉ᷈ᴻḑᶱ ᶊ ᶆᵬᶝᵸ  G

 

ḏḘᶹḁᶷḁḢ᷄Ḑᶊ ᶄᵮ  

 

SYCL ᶎᴲʊ ḁḢ᷄Ḑᶇ ᶏᶫᶪḏḘᶹḁᶍḟḵḙḎᶸᴻᶱ ᵶᶝᵸᴳᵾᶇᵧᶏᴲ

ḏḘᶹḁᵫ ᵸּס ᶍᵡᶪᶷḁḢ᷄Ḑ (ᶷḁḢ᷄Ḑ᷄ᶽḲᴻᶆ true  ᶱ )н ᶊ

ᶎ gƎpu hƎost_debuggable fƎp64 oƎnline_compiler ᶉᶈᵫᵡᶩᶝᵸᴳ

ᶉᶷḁḢ᷄Ḑᶇᵼᶍ ᶍ ᶉḲḁḐᶊᶃᵣᶅᶎᴲ SYCL ᶍ ᴾḏḘᶹ

ḁᶷḁḢ᷄Ḑ Rḃ᷿᷄ḯḻᶱ ᵶᶅᵮᵿᵴᵣᴳ 
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SYCL ᶆ ᵴᶫᵾᶷḁḢ᷄Ḑᶱ ᵶᶅḏḘᶹḁᶱ ᵸᶪᶊᶎ  Ǝ2 - 15  

ᶊ ᵸᶧᵥᶊ aspect_selector  ᶱ ᶆᵬᶝᵸᴳ᷀ḻḦᶆ ᶨᶫᵾᶷḁḢ

᷄Ḑᶍ᷅ḳᴻḟᶱ ᵰ  ᶅaspect_selector  ᶍ ᶆᶎᴲḏḘᶹḁᵫ ᵴ

ᶫᶪᶊᶎᴲᵸᶘᶅᶍᶷḁḢ᷄ḐᵫḏḘᶹḁᶊᶧᶂᶅ ᵴᶫᶪ ᵫᵡᶩᶝᵸᴳ

aspect_selector  ᶍ ᶎ 2Ǝ ᶃᶍ std::vector  ᶱ ᶩᶝᵸᴳ ᶍ

ḡ᷄ḐḳᶊᶎᴲḏḘᶹḁᶊ ᶉᶷḁḢ᷄Ḑᵫ ᶝᶫᴲ2 ᶍḡ᷄ḐḳᶊᶎᴲḏḘ

ᶹḁᶊ ᶍᶉᵣᶷḁḢ᷄Ḑ ( ᶉ ᶱḲḁḐᵸ )ᶅ ᵫ ᶝᶫᶝᵸᴳ  2 -

15  ᶎ aƎspect_selector  ᶆᵲᶫᶨ ᶍ ᶱ ᵸᶪ ᶱ ᵶᶅᵣᶝᵸ G

 
#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 

int  main () {  

 // ᶷḁḢ᷄ḐḃḴ᷄ḇᴻᶆᶎᴲ᷈ḻḦᶆ ᶨᶫᵾᶷḁḢ᷄Ḑᶍ᷅ḳᴻḟᶱ ᵸᶪᵾᶠᴲ 

 // ḏḘᶹḁᶱ ᵸᶪᶊᶎᵸᶘᶅᶍᶷḁḢ᷄Ḑᵫ ᵶᶅᵣᶪ ᵫᵡᶩᶝᵸᴳ 

 //  

 queue  q1{ aspect_selector ( aspect ::fp16, aspect ::gpu)};  

 

 // 2 ᶃᶍḡ᷄Ḑḳᶱ  ᶅ aspect_selector ᶆᶎ  Ǝ

 // ᶍḡ᷄ḐḳᶊᶎḏḘᶹḁᵫ ᵴᶉᵰᶫᶏᶉᶨᶉᵣ ᵫ ᶝᶫᴲ 

 // 2 ᶍḡ᷄Ḑḳᶊᶎ ᵴᶫᶅᶎᶉᶨᶉᵣ ᵫ ᶝᶫᶝᵸᴳ 
 //  

 queue  q2{ aspect_selector (  

    std ::vector{ aspect ::fp64, aspect ::fp16},  

 std ::vector{ aspect ::gpu, aspect ::accelerator})};  

 

 std ::cout  

  << "First selected device is: "  

  << q1. get_device (). get_info <info :: device ::name>()  

  << " \ n" ;  

 

std ::cout  

  << "Second selected device is: "  

  << q2. get_device (). get_info <info :: device ::name>()  

  << " \ n" ;  

 
 return  0;  

}  

 
:  

First selected device is: Intel(R) UHD Graphics [0x9a60]  

Second selected device is: 11th Gen Intel(R) Core(TM) i9 - 11900KB @ 3.30GHz  

 
 2 - 15.  ᶷḁḢ᷄ḐḃḴ᷄ḇ ᴻ
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ᵣᵮᶃᵪᶍᶷḁḢ᷄ḐᶎᴲḏḘᶹḁᶍḙḝᶾᴻḦḻḁ ᶱ ᵸᶪᶍᶊ ᵴ

ᶫᶪ ᵫᵡᶩᶝᵸᴳᵾᶇᵧᶏᴲᶽḧḭḴᴻḐᵴᶫᵾᶷḁḢ᷄Ḑᶱ ᶃḏḘᶹḁᶎᴲ

ᶽḧḭḴᴻḐᵴᶫᶅᵣᶉᵣ ᶍḏḘᶹḁᶚᶈ ᵫ ᵮᶉᵣּס ᵫᵡᶩᶝᵸ

ᵫᴲ ᶮᶩᶊḏḘḋ᷅ ᶍ ᶊ ᵸᶪ ᶍᶷḁḢ᷄Ḑᶱ ᵸ ᵫᵡᶩᶝᵸᴳ 

 

᷀ḁḇḨḃḴ᷄ḇᴻᶊᶧᶪ  

 

ᶍᶷḁḢ᷄Ḑᵫ ᶍḏḘᶹḁᶍ ᶊ ᶆᶉᵣ ᴲ᷀ḁḇḨᴴḏḘᶹḁᴴ

ḃḴ᷄ḇᴻᶱ ᶆᵬᶝᵸᴳᵲᶍᶧᵥᶉḃḴ᷄ḇᴻᶎᴲ ᶊ const Device&  ᶱḙ

ḱḩᴻḇᴻᶇᵶᶅ ᵰ ᶩᴲ ḏḘᶹḁᶍ ḁ᷈ᶷᶱ ᵸ C++ ᶒ ᵶּס

ᶿḞḀᶼ᷄Ḑ ( ᶣḱḨḈᶉᶈ) ᶆᵸ SGYCL ḱḻḇᶹḨᶎᴲ ᵶᵾᵸᶘᶅᶍ

סּ ᶉḳᴻḐḏḘᶹḁᶊ ᵶᶅḃḴ᷄ḇᴻᶱ ᶒ ᵶᴲḃḴ᷄ḇᴻᵫ ᶍḁ᷈

ᶷᶱ ᵶᵾḏḘᶹḁᶱ ᵶᶝ  н( ᵴᶫᶪᶊᶎᴲḁ᷈ᶷᵫ ᶆᶉᵣ ᵫᵡᶩ

ᶝ )н  G 

 

ḁ᷈ᶷᵫ ᶍ SƎYCL ḱḻḇᶹḨᶎ ᶍḏḘᶹḁᶍ 1 ᶃᶱ ᵶ

ᶝᵸᴳḃḴ᷄ḇᴻᵫ ᶍ ᶱ ᵸḏḘᶹḁᶎᴲḱḻḇᶹḨᶊᶧᶂᶅ ᵴᶫᶝᵺᶲᴳ

ᶃᶝᶩᴲḃḴ᷄ḇᴻᵪᶨ ᶍ ᶱ ᵸᶇᴲḏḘᶹḁᵫ ᵴᶫᶉᵣᵲᶇᶱ ᶆᵬ

ᶝᵸ  G 

 

ḏḘᶹḁᶍḁ᷈ᶷḩ᷀ḓḂḨ 

 

ᶍᶧᵥᶊᴲ ᶍḏḘᶹḁᶊ ꞌᵸᶪ ḁ᷈ᶷᶱ ᵸᶪ ᶍᶿḟ᷿ḯḻᵫ

ᵡᶩᶝ :н 

 

1.  ᶍḏḘᶹḁ᷄ḱḁᶍ ᶍ ᶱ ᵶᶝᵸᴳ 

2.  ḏḘᶹḁ ᶣḏḘᶹḁḡḻḈᴻᶍ ᶇᶍ ᶍ╗ ᴳ 

3.  ḏḘᶹḁᶝᵾᶎḟḱḋḐḝᶾᴻḨᶍ᷄ᶽḲᴻᶊ ᶄᵣᶅᴲ ᶊᶃ

ᶉᵫᶪᶇ ᵧᶨᶫᶪᵡᶨᶥᶪᶡᶍᶱ ᵶᶝᵸ G

 

ᵾᶇᵧᶏᴲᶹḻḎḳṸ Arria FPGA ᶷ᷄ḃḱḴᴻḇᴻᴴḤᴻḑᶱ ᵸᶪ ᶱ

 2 -16  ᶊ ᵶᶝᵸ  G
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int  my_selector ( const  device  &dev ) {  

 if  ( dev . get_info <info :: device ::name>(). find ( "pac_a10" ) !=  

  std :: string ::npos &&  

dev . get_info <info :: device ::vendor>(). find ( "Intel" ) !=  

         std :: string ::npos) {  

   return  1;  

 }  

 return  - 1;  

}  

 

:  

Selected device is: pac_a10 : Intel PAC Platform (pac_ee00000)  

 
 2 - 16.  ᶹḻḎḳṸ Arria FPG ᶷ᷄ḃḱḴᴻḇᴻᴴḤᴻḑᶍ ᷀ḁḇḨḃḴ᷄ḇᴻ 

 

 12 ᶆᶎᴲḏḘᶹḁᶍ ᶊ ᵸᶪ ᶉ ᶇ ᶱ ᵶᴲget_info  ḩ

ḅḋḑᶊᶃᵣᶅᵴᶨᶊ ᵶᵮ ᵶᶝᵸᴳ 

 

 

ḏḘᶹḁ ᶆḷᴻ᷄ᶱ  
 

ᶷḟḲ᷆ᴻ᷿ḯḻᶊᶎ ᴲḣḁḐ᷈ᴻḑᶇḏḘᶹḁ᷈ᴻḑᶍ ᶞ ᶮᵺᵫ ᶝᶫ

ᶝᵸᴳḏḘᶹḁ᷈ᴻḑᶱ ᵸᶪᵾᶠᶊ ᶆᵬᶪ᷄ḱḁḩḻḘᴻᵫᵣᵮᶃᵪᵡᶩ

ᶝᵸᴳᵲᶫᶨᶍḷᴻ᷄ᴴḏᶸḁḙḋḉ ᶎḏḘᶹḁ᷈ᴻḑᶱ ᵸᶪ ╗ᶍ

ᶆᵡᶪᵾᶠᴲḏḘᶹḁ᷈ᴻḑᶇḣḁḐ᷈ᴻḑᶱ ᶊ ᶆᵬᶝᵸᴳ 

 

ᵲᶍ ᶍ ᶩᶆᶎᴲḏḘᶹḁ᷈ᴻḑᶇḣḁḐᴴḟḵḃḋ᷊ᴻ ᶆḕᶹḎᶸḞᶊ

ᵴᶫᶪḣḁḐ᷈ᴻḑᶱ ᵶᶅ ᵸᶪᵲᶇᶱ ᶇᵶᶅᴲᵣᵮᶃᵪᶍḷᴻ᷄ᶍḏ

ᶸḁḙḋḉ ᶱ ᵶᶝᵸ G

 

ḇḁ᷄᷅ḱḝ 

 

SYCL Ḫḏḳᶍ ᶉ ᶎᴲḖᴻḑᶍ᷅ḱḝᶆᵸᴳᵲᶍ᷅ḱḝ ᶍ Ḗ

ᴻḑ (ḷᴻ᷄ ∞) ᶊᶎᴲḏḘᶹḁᶆ ᵴᶫᶪᶷ᷿᷄ḯḻᵫ ᶝᶫᶅᵩᶩᴲ ᶡ

╗ ᶉᶷ᷿᷄ḯḻᶎḏᴻḇ ḏḘᶹḁ᷀ᴻḕḳᶍ ᶒ ᵶᶆᵸᴳ 
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 2 -17  ᶎ 4 ᶃᶍḖᴻḑᶱ ᶃ᷅ḱḝᶍ ᶱ ᵶᶅᵣᶝᵸᴳ ḖᴻḑᶎḏḘ

ᶹḁ᷀ᴻḕḳᶍ ᶒ ᵶᶇ ᵧᶪᵲᶇᵫᶆᵬᶝᵸᴳ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 2 - 17.  ḇḁ᷄᷅ḱḝᶎ 1Ǝ ᶃᶝᵾᶎ ᶍḏḘᶹḁᶆ֩ḣḁḐḟḵ᷅ḱḨᶇᶎ ᶊ֪

ᵸᶪᶷ᷿᷄ḯḻᶇᴲᶷ᷿᷄ḯḻᶱ↨ ᶊ ᶆᵬᶪḇᶹḧḻ᷅ᶱ ᵸᶪ∟ ᶱ

ᵶᶝ  н

 

 2 -17  ᶍḖᴻḑᶊᶎᴲḖᴻḑᶍḷᴻ᷄ ᶱᵣᶃ ᵸᶪᶍᵫ ᶆᵡᶪ

ᵪ ᵸᶪ∟ ᶽḋḀᵫᵡᶩᶝᵸᴳ∟ ᶽḋḀᶎᴲ ᴲḏᴻḇ∟ ᵪ

ᶨ ᶊ ᵴᶫᶝᵸᵫᴲ ᶊꞌᵷᶅ᷀ḁḇḨ∟ ᶱ ᶆ ᵸᶪנּ

ᶡᵡᶩᶝᵸᴳᵾᶇᵧᶏᴲ᷅ḱḝᶍḖᴻḑ B ᶊᶎᴲḖᴻḑ A ᵪᶨᶍ∟

ᶽḋḀᵫᵡᶩᶝᵸᴳᵲᶍᶽḋḀᶎᴲḖᴻḑ A ᵫ ᶱ ᵸᶪ ᵫᵡᶩᴲ∟

ᶊꞌᵷᶅᴲḖᴻḑ B ᶍᶷ᷿᷄ḯḻᵫ ᵴᶫᶪ ᶊᴲḖᴻḑ B ᵫ ᵴᶫ

ᶪḏḘᶹḁᶆ ᵴᶫᵾḏᴻḇᶱ ᶆᵬᶪᶧᵥᶊᵸᶪ ᵫᵡᶪᵲᶇᶱ≥

ᵶᶝᵸᴳḱḻḇᶹḨᶎᴲḣḁḐḟḵ᷅ḱḨᶍ ᶇᶎ ᶊ ᶊ∟

ᶍ ᶇḖᴻḑ ᶍḐḲ᷁ᴻᶱ ᵶᶝᵸᴳ  
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ᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪḖᴻḑᶍ᷅ḱḝᶎᴲ ᶆᶎḇḁ᷄᷅ḱḝᶇ ᶒᴲ 

3 ᶆ ᵶᵮ ᵶᶝᵸ G

 

ḏḘᶹḁ᷈ᴻḑᶎᶈᵲᶊᵡᶪ ?χ  

 

ḏḘᶹḁ ᶆ ᵴᶫᶪ᷈ᴻḑᶱ ᵸᶪḩ᷀ḓḂḨᶎ ᵡᶩᶝᵸᵫᴲ ᶉ

ᶆᵼᶍᶧᵥᶉ᷈ᴻḑᶱ ᵸᶪ ᶱ ᵶᶝᵸᴳ ᶍḙḇᴻḻᶎ ᶊ ᵧᶝ

ᵸᵫᴲᵼᶍḙḇᴻḻᶎᵸᶘᶅᶍḏḘᶹḁ᷈ᴻḑ ᶆ ᵷᶝᶝᶆᵡᶪᵾᶠᴲᵸᵯᶊ

ᶫᶪᵲᶇᵫᶆᵬᶝᵸ  G

 

 2 - 18  ᶆḱḨḈ ᶇᵶᶅ ᵴᶫᶅᵣᶪpƎarallel_for  ᶍ ᶍ╥ ᶆ

ᵴᶫᶪ᷈ᴻḑᶎᴲḏḘᶹḁ ᶆ ᵴᶫᶪḏḘᶹḁ᷈ᴻḑᶆᵸᴳᵲᶍ ᶍ 

parallel_for  ᶎᴲḏḘᶹḁ᷈ᴻḑᶇḣḁḐ᷈ᴻḑᶱ ᵸᶪ ᶆᵸᴳ

parallel_for ᶎᴲḏḘᶹḁ ᶆ ᵴᶫᶪ᷈ᴻḑᶱ ᵸᶪḗḻḑḱᴻ᷄ḱḁ

ᶍᵸᶘᶅᶍḩḻḘᴻᶆᵡᶪḏḘᶹḁᴴḏᶸḁḙḋḉᴴḩ᷀ḓḂḨᶍ ᵴᶉḃḋḐᶆᵸᴳ

ḗḻḑḱᴻ᷄ḱḁᶍ ᵴᶫᵾטּ ᶱ  2 -19  ᶊ ᵶᶝᵸ  G

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

  accessor  acc{B, h};  

 

h. parallel_for (size,  

[=]( auto&  idx ) { acc [idx] = idx; });  

});  

 
 

ḏḘᶹḁ 

᷈ᴻḑ 

 

᷈Ḧḻḑ 

᷅ḳᴻḟ 

 
 2 - 18.  ḏḘᶹḁ᷈ᴻḑᶍ  
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class  handler  {  

 public:  

 // ᵲᶍ᷈Ḧḻḑ ᷅ḳᴻḟᶆ ᵴᶫᵾᶷ᷿᷄ḯḻᵫ ᵴᶫᶪ ᶊ  

 // ᵸᶪ ᵫᵡᶪᶹḡḻḐᶱ ᵶᶝᵸ  G
 void  depends_on ( std :: vector <event > & events );  

 

 //  ᵲᶍᶷ᷿᷄ḯḻᶍ ᴲᶷ᷄ḃ᷊ᴻᶊᶧᶂᶅᶷ᷄ḃḁᵴᶫᵾ 

 //  ḩḪḲᴻᴴᶿḞḀᶼ᷄ḐᵫḣḁḐ ᶆ ᵴᶫᶪᵲᶇᶱᶝᵸ  G

 template  <typename  AccessorT > 

 void  update_host ( AccessorT  acc );  

 

 // ᵴᶫᵾḥᶹḻḇᴻᶊ ᵬ  ɜ memset ᶱ ᵶᶝᵸG  

 // ᵲᶍ ᶱ ᵸᶹḡḻḐᶱ ᵶᶝᵸG  
 event  memset( void  * Ptr , int  Value , size_t  Count );  

 

 // src ᵪ  ʝ dest ᶊ᷈Ḝᴻᵸ  ᶅ memcpy ᶱ ᵶᶝᵸ  G

 // ᵲᶍ ᶱ ᵸᶹḡḻḐᶱ ᵶᶝᵸG 
 event  memcpy( void  * dest , const  void  * src , size_t  count );  

 

 // ᶷ᷄ḃ᷊ᴻᶇḣḁḐḩḪḲᴻ ᶍ᷈Ḝᴻɵ ᵣᶝᵸ  G

 // ᶷ᷄ḃḁᶊᶎ ᶉ ᵫ ᶆᵸ  G  

 // ḥᶹḻḇᴻᶎᴲ ᶍḥᶹḻḇᴻᶝᵾᶎshared_ptr ᶊᶆᵬᶝᵸG   

 template  <typename  SrcAccessorT , typename  DestPointerT >  
 void  copy ( SrcAccessorT  src , DestPointerT  dest );  

 

 template  <typename  SrcPointerT , typename  DestAccessorT >  

 void  copy ( SrcPointerT  src , DestAccessorT  dest );  

 

 // ᶷ᷄ḃ᷊ᴻ ᶆ᷈ḜᴻᵶᶝᵸG 

 // ᶷ᷄ḃḁᶊᶎ ᶉ ᵫ ᶆᵸ  G

template  <typename  SrcAccessorT , typename  DestAccessorT >  

 void  copy ( SrcAccessorT  src , DestAccessorT  dest );  

 

 // ᶊᵴᶝᵵᶝᶉ ᶍ᷀ᴻḕḳᶱ ᵶᶝᵸ  Ǝ  

 template  <typename  KernelName , typename  KernelType >  
 void  single_task ( KernelType  kernel );  

 

 template  <typename  KernelName , typename  KernelType , int  Dims> 

 void  parallel_for ( range <Dims> num_work_items ,  

  KernelType  kernel );  
 

 template  <typename  KernelName , typename  KernelType ,  int  Dims>  

 void  parallel_for ( nd_range <Dims> execution_range ,  

  KernelType  kernel );   
 

 template  <typename  KernelName , typename  KernelType ,  int  Dims>  

 void   parallel_for_work_group ( range <Dims> num_groups ,  

    KernelType  kernel );  

 
 template  <typename  KernelName , typename  KernelType , int  Dims>  

 void  parallel_for_work_group ( range <Dims> num_groups ,  

   range <Dims> group_size ,  
   KernelType  kernel );  

};  

 
 2 - 19. ḗḻḑḱᴻ᷄ḱḁᶍḩḻḘᴻ ᶍ ᵴᶫᵾטּ  
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ḗḻḑḱᴻ᷄ḱḁᶍḩḻḘᴻᶱ ᶒ ᵶᶅḏḘᶹḁ᷈ᴻḑᶱ ᵸᶪᵿᵰᶆᶉᵮᴲ

ḷᴻ᷄ᶱ ᶆᵬᶪ᷂ḭᴻ᷄ḱḁᶍḩḻḘᴻᶡᵡᶩᶝᵸ  G2 - 20  ᶊ ᵸ᷂ḭᴻ

᷄ḱḁᶍḩḻḘᴻᶎᴲ ᶍḙḇᴻḻᶱ ∙ᵸᶪ᷿ḯᴻḐ᷀ḋḐᶆᵡᶩᴲטּ ᶍ

ᶆᵲᶫᶨᶍ᷿ḯᴻḐ᷀ḋḐᶍ ᶱ ᵶᶝᵸᴳ 
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class  queue  {  

 public:  

 // ᵴᶫᵾḥᶹḻḇᴻ ᶊ ᵬ  ɜ memset ᶱ ᵶᶝᵸ  G

//  ᵲᶍ ᶱ ᵸᶹḡḻḐᶱ ᵶᶝᵸG  

event  memset( void*  ptr , int  value , size_t  count );  

 

 // src ᵪ  ʝ dest ᶊ᷈Ḝᴻᵸ  ᶅ memcpy ᶱ ᵶᶝᵸ  G   

// ᵲᶍ ᶱ ᵸᶹḡḻḐᶱ ᵶᶝᵸG 
 event  memcpy( void*  dest , const  void*  src , size_t  count );  

 

 // ᶊᵴᶝᵵᶝᶉ ᶍ᷀ᴻḕḳᶱ ᵶᶝᵸ  G

 // ᵲᶍ ᶱ ᵸᶹḡḻḐᶱ ᵶᶝᵸG 
 template  <typename  KernelName , typename  KernelType >  

 event  single_task ( KernelType  kernel );  

 

 template  <typename  KernelName , typename  KernelType ,  

          int  Dims> 

 event  parallel_for ( range <Dims> num_work_items ,  

 KernelType  kernel );  

 

 template  <typename  KernelName , typename  KernelType ,  

           int  Dims> 

 event  parallel_for ( nd_range <Dims> execution_range ,  

 KernelType  kernel );  

 

 // ᶊᵴᶝᵵᶝᶉ ᶍ᷀ᴻḕḳᶱ ᵶᶝᵸ  G   

// ᷀ᴻḕḳᶱ ᵸᶪ ᶊᴲ ᵴᶫᵾᶹḡḻḐᵫ ᵸᶪᶝᶆ ᵶᶝᵸ  G

 // ᷀ᴻḕḳ ᶱ ᵸᶹḡḻḐᶱ ᵶᶝᵸG 
 template  <typename  KernelName , typename  KernelType >  

 event  single_task ( const  std :: vector <event >& events ,  

  KernelType  kernel );  

 

 template  <typename  KernelName , typename  KernelType ,  

  int  Dims> 

 event  parallel_for ( range <Dims> num_work_items ,  

const  std :: vector <event >& events ,  

KernelType  kernel );  

 
 template  <typename  KernelName , typename  KernelType ,  

            int  Dims> 

 event  parallel_for ( nd_range <Dims> execution_range ,  

                    const  std :: vector <event >& events ,  

                    KernelType  kernel );  

};  

 
 2 - 20.  ᷂ḭᴻ᷄ḱḁᶊᵩᵰᶪḩḻḘᴻ ᶍ ᵴᶫᵾטּ ᴳᵲᶫᶎḗḻḑḱᴻ᷄ḱḁ

ᶍ ᶉ ᶊ ᵸᶪ ᶇᵶᶅ ᵶᶝ  н
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ᶷ᷿᷄ḯḻ 

 

 2 -18  ᶍ᷈ᴻḑᶊᶎᴲḏḘᶹḁ ᶆ ᵴᶫᶪḷᴻ᷄ᶱ ᵸᶪ 

parallel_for ᵫ ᶝᶫᶅᵣᶝᵸ pGarallel_for  ᶎ᷂ḭᴻᶊ ᵴᶫᵾ᷈

Ḧḻḑ᷅ḳᴻḟ (CG) ᶊᵡᶩᴲ᷂ḭᴻᶎḷᴻ᷄ᵫ ᵴᶫᶪḏḘᶹḁᶱ ᵶ

ᶝᵸᴳ᷈Ḧḻḑ᷅ḳᴻḟ ᶊᶎᴲ ᶍ 2 ᶃᶍ᷈ᴻḑ᷀Ḏ᷉Ḳᴻᵫᵡᶩᶝ :н 

 

(1)  Ḙḋḝᶶᴻᶗᶍᶷ᷄ḃ᷊ᴻᶱ  (  3 ᶆ ) ᶉᶈ (Ǝ2) ᶆ

ᵴᶫᵾḷᴻ᷄ᶍ ᶱḱḻḇᶹḨᵫ↨ ᶊ ᶆᵬᶪḇᶹḧḻ᷅ᶱ

ᵸᶪ∟ ᶱ ᵸ ḣᶅḁḐ᷈ᴻḑG 

(2)  ᶍᵾᶠḏḘᶹḁ᷈ᴻḑᶱ᷂ḭᴻᶊ ᵸᶪᵪᴲ᷈Ḝᴻᶉᶈᶍ

ᶍḩḪḲᴻ ᶱ ᵸᶪʊ ᷿᷄ḯḻᶗᶍ ᶒ ᵶᶱ  1 

ᵶᶝᵸG  

 

ḗḻḑḱᴻ᷄ḱḁᶊᶎᴲḇḁ᷄ᴴ᷅ḱḝᴴḖᴻḑᶍ ᶊ ᵴᶫᶪᶷ᷿᷄ḯḻ

ᶱ ᵸᶪḩḻḘᴻ ᶍḃḋḐᵫ ᶝᶫᶅᵣᶝᵸ  G2 - 21  ᶎᶷ᷿᷄ḯḻᶱ

ᵶᵾᶡᶍᶆᵸ  G

 

ḷᴻ᷄ḇᶹḟ ᶷ᷿᷄ḯḻ 

(ḗḻḑḱᴻᴴ᷄ḱ

ḁᴴḩḅḋḑ)  

ᶝᶇ  f

 

 

ḏḘᶹḁ᷈ᴻḑ 

ᶍ  

single_task  ḏḘᶹḁ ᶍ ╗ᶹḻḁḇḻḁᶱ

ᵶᶝᵸ  G 
parallel_for  ᵴᶝᵵᶝᶉḷᴻ᷊᷄ᶹḂᶍ ᶞ ᶮᵺᶆ

ḏḘᶹḁ᷈ᴻḑᶱ ᵸᶪ ᶍḝᶾᴻ

Ḩᵫ ≥ᵴᶫᶅᵣᶝᵸ  G 

 

 

 

ᶉ 

ḩḪḲᴻ  

copy  ᶷ᷄ḃ᷊ᴻᴲḥᶹḻḇᴻᴲshared_ptr 

ᶆ ᵴᶫᵾ ᶍ ᶆḏᴻḇᶱ᷈Ḝᴻ

ᵶᶝᵸᴳ᷈Ḝᴻᶎ∟ ᶍ ᶱ  ɜ

DAG ᶍ╗ ᶇᵶᶅ ᵴᶫᶝᵸ  G 
updat_host  ḘḋḝᶶᴻᴴᶿḞḀᶼ᷄ḐᶍḣḁḐᴴḏᴻ

ḇᴴḘḋ᷄ᶷḋḟᶍ ᶱḐḲ᷁ᴻᵶᶝᵸᴳ  
fill  Ḙḋḝᶶᴻ ᶍḏᴻḇᶱ ᵴᶫᵾ ᶊ

ᵶᶝᵸטּ  G 

 
 2 - 21.  ḏḘᶹḁ᷈ᴻḑᶱ ᶒ ᵶᵾᶩᴲ ᶉḩḪḲᴻ ᶱ ᵸᶪᶷ᷿᷄ḯḻ 

 



 

 

61  

 

 

 2 -21  ᶍᶷ᷿᷄ḯḻᶎᴲ᷈Ḧḻḑ᷅ḳᴻḟ ᶆ 1 ᵿᵰ ᶒ ᵸᵲᶇᵫᶆᵬ

ᶝ  н( ᶍᶷ᷿᷄ḯḻᶱ ᶒ ᵸᶇᶽḱᴻᶊᶉᶩᶝ)нᴳᶝᵾ sƎubmit  ᶒ ᵶ

ᵳᶇᶊ᷂ḭᴻᶊ ᶆᵬᶪ᷈Ḧḻḑ᷅ḳᴻḟᶎ 1 ᶃᵿᵰᶆᵸᴳᵼᶍ ᴲ 2וֹ - 21  

ᶍ 1 ᶃᶍ (ᵡᶪᵣᶎּס ᵫᶉ )r ᵫḇḁ᷄ᴴ᷅ḱḝᴴḖᴻḑᵳᶇᶊ ᵶᴲḖ

ᴻḑᶍ∟ ᵫ ᵾᵴᶫᴲ ᵶᶅᶡ↨ ᶆᵡᶪᶇḱḻḇᶹḨᵫ ᵶᵾ ᶊ

ᵴᶫᶝᵸ  G

᷈Ḧḻḑ᷅ḳᴻḟᶊᶎᴲ᷀ᴻḕḳᶍ ᶣ ᶉḩḪḲᴻ ᶉᶈᶍᶷ᷿᷄ḯḻ

ᵫ  1 ᶃ ᶝᶫᶅᵣᶪ ᵫᵡᶩᶝᵸ  G

᷈ᴻḑᵫ ᶊ ᵴᶫᶪᶇᵣᵥ ᵧ ᵲᵼᵫᴲḣḁḐḟḵ᷅ḱḨᶍ╗

ᶇᵶᶅ CPU ᶆ ᵴᶫᶪ᷈ᴻḑᶇᴲ∟ ᵫ ᵾᵴᶫᵾᶇᵬᶊ ᵴᶫ

ᶪḏḘᶹḁ᷈ᴻḑᶇᶍ ᶉ┴ᵣᶆᵸᴳ᷈Ḧḻḑ᷅ḳᴻḟᶊᶎ ᴲ ᷀Ḏ᷉Ḳ

ᴻᶍ᷈ᴻḑᵫ ᶝᶫᶅᵩᶩᴲ∟ ᶱ ᵸᶪ᷈ᴻḑᶎḣḁḐḟḵ᷅ḱḨᶍ╗

ᶇᵶᶅ ᵴ  ʟ(ḱḻḇᶹḨᵫ∟ ᶱ )ᴲḏḘᶹḁ᷈ᴻḑᶎ∟ ᵫ

ᵾᵴᶫᶪᶇ ᶊ ᵴᶫᶝᵸ  G

 

 2 - 22  ᶊᶎ 3 ᶃᶍ᷈ᴻḑ᷄ḱḁᵫᵡᶩᶝ :н 

 

1.  ḣḁḐ᷈ᴻḑ: ḏᴻḇḘḋḝᶶᴻᶍ ᶇ ᴲ᷂ḭᴻᶗᶍḷᴻ᷄ᶍ

ᶉᶈᴲᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵶᶅᴲ ḇḁ᷄᷅ḱḝᶊ ᵶ

ᵣḖᴻḑᶱ ᵶᶝᵸ G

2.  ᷈Ḧḻḑ᷅ḳᴻḟ ᶍḣḁḐ᷈ᴻḑ: ᵲᶍ᷈ᴻḑᶎᴲḣḁḐ᷈ᴻḑᵫ

ᵴᶫᶅᵣᶪḟḵḃḋ᷊ᴻ ᶆ ᵴᶫsƎubmit  ᶒ ᵶᵫḲḇᴻ

ḻᵸᶪ ᶊ ᶀᶊ ᵴᶫᶝᵸᴳᵲᶍ᷈ᴻḑᶎᴲᵾᶇᵧᶏᶷ᷄ḃ᷊ᴻ

ᶱ ᵶᶅḖᴻḑᶍ∟ ᶱ ᵶᶝᵸᴳᵲᵲᶆᶎ ≥ᶍ CPU ᷈

ᴻḑᶱ ᶆᵬᶝᵸᵫᴲḡḁḐᴴḟḱ᷄ḎᶸḁᶇᵶᶅᶎᴲḖᴻḑ∟

ᶱ ᵸᶪ᷈ᴻḑᶊ ᵸᶪᵲᶇᵫ ᵴᶫᶝᵸᴳ 
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3.  ᶷ᷿᷄ḯḻ:  2 -21  ᶊḲḁḐᵴᶫᶅᵣᶪ ≥ᶍᶷ᷿᷄ḯḻᶱ᷈Ḧḻ

ḑ᷅ḳᴻḟᶊ ᶠᶪᵲᶇᵫᶆᵬᴲḖᴻḑ ᵫ ᵾᵴᶫᵾᶇᵬᶊ ᶆ

ᶊ ᵴᶫᶪḷᴻ᷄ᶱ ᵶᶝ  н((2) ᶆ )  G

 
#include  <array>  

#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace sycl ;  

 

int  main () {  

  constexpr  int  size = 16;  

std ::array< int , size> data;  

buffer  B{data};  
 

queue  q{};     // ᵲᶍ᷂ḭᴻᶊ ≥ᶍḏḘᶹḁᶱ  ḣḁḐ᷈ᴻḑ 
 

std ::cout << "Selected device is: "  

<< 

q. get_device (). get_info <info :: device ::name>()  

     << " \ n" ;  

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

  accessor  acc{B, h};  

  h. parallel_for (size,  

 
 
ḇḁ᷄ᴴ᷅ḱḝᴴḖᴻḑᶱ

ᵸᶪ ᷈ᴻḑ 

[=]( auto&  idx ) { acc [idx] = idx; });  

});  

 

return  0;  

}  

 

ḏḘᶹḁ᷈ᴻḑᶎᴲ∟ ᵫ ᵾ

ᵴᶫᵾᶇᵬᶊ ᵴᶫᶝ  н

ḣḁḐ᷈ᴻḑ 

 
 2 - 22.  ḏḘᶹḁ᷈ᴻḑᶍ  

 

ᶷḟḲ᷆ᴻ᷿ḯḻ ᶍ᷈ᴻḑᵫᵣᶃ ᵴᶫᶪᵪᶱ ᵸᶪᵾᶠ  Ǝ2 - 21  

ᶊḲḁḐᵴᶫᶪḏḘᶹḁ᷈ᴻḑᶍ ᶱ ᵸᶪᶷ᷿᷄ḯḻᶊ ᵴᶫᶪᶡᶍᴲᶝ

ᵾᶎ  2 -21  ᶊḲḁḐᵴᶫᶅᵣᶪ ᶉḩḪḲᴻ ᶎᴲ ᴲSYCL ḇḁ᷄

᷅ḱḝ (∙ ᶆ ) Ḗᴻḑᶍ∟ ᵫ ᵾᵴᶫᵾᶇᵬᶊ ᶊ ᵴᶫ

ᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣ Gᵼᶍᶚᵪᶍᵸᶘᶅᶍ᷈ᴻḑᶎᴲ╗ ᶉ C++ ᷈

ᴻḑᶇ ᶊᴲḣḁḐḟḵ᷅ḱḨᶍ╗ ᶇᵶᶅᶀᶊ ᵴᶫᶝᵸ  G

 

ḇḁ᷄ᴴ᷅ḱḝᴴḖᴻḑᶍ∟ ᵫ ᵾᵴᶫᶪᶇᴲḏḘᶹḁ᷈ᴻḑᶍ ᵫ 

( ᶊ) ᵴᶫᶝᵸᵫᴲᵼᶍ ᶆᶎ ᵴᶫᶪ ᶎᶉᵣᵲᶇᶊ ≥

ᵸᶪᵲᶇᵫ ᶆᵸᴳḏḘᶹḁ᷈ᴻḑᶍ ᶱ ᶊ ᵸᶪ ╗ᶍ ᶎᴲḣ

ḁḐᶷ᷄ḃ᷊ᴻᶣ᷂ḭᴻ ᶉᶈᶍḩ᷀ḓḂḨᶱ ᵶᶅᴲḣḁḐḟḵ᷅ḱ

ḨᵫḏḘᶹḁ᷈ᴻḑ ᶍ ᶱוֹ  (Ḟḵḋ )᷄ ᵸᶪᵲᶇᶆᵸᴳᵲᶫᶊᶃᵣᶅ

ᶎᴲ ᶍ ᶆ ᵶᶝᵸ G 
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ᵲᶍᶧᵥᶉḣḁḐᴴḞḵḋ᷂ḻ᷅ ᵫᶉᵣ ᴲSYCL ᵩᶧᶒ Ḵḡḳᶍḱḻḇ

ᶹḨᶎᴲḏḘᶹḁ᷈ᴻḑᶍ ḇᶹḧḻ᷅ᶱ ᵶᴲ ᶣ ᶍ ᶉᶈᴲטּ

ᴾᶆᵬᶪᵿᵰ ᵮ ᵸᶪᴿ ∙ ᶍ ᶊ ᶮᵺᶅ ᵸᶪᵲᶇᵫᵡᶩᶝᵸ Gטּ

 

ḣḁḐḇḁ  ᷄

 

╗ ᶊᴲ᷂ḭᴻᶊ ᵴᶫᵾᶷ᷿᷄ḯḻ (parallel_for  ᶉᶈ) ᶊᶧᶂᶅ ᵴ

ᶫᶪ᷈ᴻḑᶎḏḘᶹḁ᷈ᴻḑᶆᵡᶩᴲ ᵮᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶆ ᵮ ᵸᶪ

ᵾᶠᵣᵮᶃᵪᶍ ᶊ ᵣᶝᵸᴳᵾᵿᵶᴲ ᶉ ᵫ 1 ᶃᵡᶩᶝᵸᴳᵲᶫᶎ 

host_task  ᶇᵣᵥḗḻḑḱᴻḩḅḋḑᶱ ᵷᶅᶷ᷄ḃḁᵴᶫᶝᵸᴳᵲᶍ ᶊᶧ

ᶩᴲ ≥ᶍ C++ ᷈ᴻḑᶱḇḁ᷄᷅ḱḝ ᶍᶷ᷿᷄ḯḻᶇᵶᶅ ᵶᴲḇḁ᷄᷅ḱḝ

ᶍ∟ ᵫᵸᶘᶅ ᵾᵴᶫᵾ ᶆƎ ḣḁḐ ᶆ ᵴᶫᶝᵸ  G

 

ḣḁḐḇḁ᷄ᶎᴲ ᶍ 2 ᶃᶍ ᶊᶧᶩᴲ╗ ᶍḟḵ᷅ḱḨᶆᶎ ᶆᵸᴳ 

 

1.  std::cout   ɥprintf  ᶉᶈᴲ ≥ᶍ C++ ᶱ ᶠᶪᵲᶇᵫᶆᵬᶝ

ᵸᴳᵲᶫᶎᴲ ⌐ᶉḏḘḋ᷅OƎpenCL ᶉᶈ Ḵḡḳ API ᶇᶍ

◖ ᴲᵡᶪᵣᶎ ᶍ᷈ᴻḑᶊᵩᵰᶪᶷ᷄ḃḱḴᴻḇᴻᶍ ᶱ

ᶊ ᶊᵸᶪ ᶆ ᶇᶉᶪ ᵫᵡᶩᶝᵸ  G

 

2.  ḣḁḐḇḁ᷄ᶎᴲḣḁḐḟḵ᷅ḱḨᶇ ᵶᶅ ᵴᶫᶪᶍᶆᶎᶉᵮᴲ

ḇḁ᷄᷅ḱḝᶍ╗ ᶇᵶᶅ ᶊ ᵴᶫᶝᵸᴳḣḁḐḟḵ᷅ḱ

Ḩᶎ ᶍḁḴḋḑᶱנּ ᵶᵾᶩᴲ ᶍḇḁ᷄ ᶷḟḵᴻḉᶱטּ

ᵶᵾᶩᶆᵬᶝᵸᵫᴲḣḁḐḇḁ᷄ᶎ SYCL ḱḻḇᶹḨᶍ∟

ḩ᷀ḓḂḨᶇ ᵴᶫᶝᵸ Gᵲᶫᶎ ᶊ ᶆᵡᶩᴲḏḘᶹḁ᷈

ᴻḑᶇḣḁḐ᷈ᴻḑᶱ ᶊ ᵸᶪ ᶊḙḝᶾᴻḦḻḁᵫ ᵸ

ᶪּס ᵫᵡᶩᶝᵸ  G
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#include  <array>  

#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace sycl ;  

 

int  main () {  

 queue  q;  

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

 

 std ::cout << "Selected device: "  

  << q. get_device (). get_info <info :: device ::name>()  

  << " \ n" ;  

 

 // ᶩ ᶅᶍ ᶱ   טּ

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

   h. parallel_for (N, [=]( auto&  idx ) { A[idx] = idx; });  

 });  

 

 // ḣḁḐḇḁ᷄ᶱ ᵶᶅᴲḇḁ᷄᷅ḱḝᶍ╗ ᶇᵶᶅ 

 // ḣḁḐ ᶍ ᶱ ᵶᶝᵸ G

 // depends_on ᶎᴲ ᶍḏḘᶹḁ᷈ᴻḑᵫ ᵶᵾᵲᶇᶗᶍ 

 // ∟ ᶱ ᵸᶪᵾᶠᶊ ᵴᶫᶝᵸ  G  

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

   h. depends_on (eA);  

   h. host_task ([=]() {  

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

    std ::cout << "host_task @ "  << i << " = "  << A[i]  

        << " \ n" ;  

   });  

});  

 

// ḣḁḐḟḵ᷅ḱḨ ᶍ ḏᴻḇᶊᶷ᷄ḃḁᵸᶪ ᶊᴲ 

// ᷂ḭᴻ ᶍḷᴻ᷄ᵫ ᵸᶪᶝᶆ ᵶᶝᵸᴳ  

q. wait ();  

 

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

  std ::cout << "main @ "  << i << " = "  << A[i] << " \ n" ;  

 

free (A, q);  

 

return  0;  

}  

 
:  

Selected device: NVIDIA GeForce RTX 3060  

host_task @ 0 = 0  

host_task @ 1 = 1  

host_task @ 2 = 2  

host_task @ 3 = 3  

main @ 0 = 0  

main @ 1 = 1  

main @ 2 = 2  

main @ 3 = 3  

 
 2 - 23.  ᶉ host_task  
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 2 -23  ᶎᴲḇḁ᷄᷅ḱḝᶍ∟ ᵫ ᵾᵴᶫᵾᶇᵬᶊ std::cout  ᶱ

ᵶᶅḎ᷂ḁḐᶱ ᵸᶪ ᶉḣḁḐḇḁ᷄ᶱ ᵶᶅᵣᶝᵸᴳḣḁḐḇḁ᷄ᶎᴲḣ

ḁḐḟḵ᷅ḱḨᶍ ᶩᶍ ᶇᶎ ᶊ ᵴᶫᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳᵲ

ᶫᶎᴲḇḁ᷄᷅ḱḝᶍ ᶉ ᶆᵡᶩᴲḣḁḐḟḵ᷅ḱḨᶇᶍ ᶉᵶᶊᴲ↨ ᶉ

ᶇᵬᶊ SYCL ḱḻḇᶹḨᵫḷᴻ᷄ᶱḁ᷆Ḁḭᴻḳᵶᴲ ᶮᶩᶊ ᶍḷᴻ᷄ᶱ ᶆ

ᵬᶝᵸ  GᶝᵾᴲḣḁḐḇḁ᷄ᶍ᷈ᴻḑ ᶎᴲḏḘᶹḁ᷈ᴻḑᶊ ᵺᶨᶫ  ᶅ(  

10 ᶆ ) ᶊ ᵥ ᵫᶉᵣᵲᶇᶡ ≥ᵶᶅᵮᵿᵴᵣ G

 

 2 - 23  ᶍ ᶎ  ƎḏḘᶹḁ᷈ᴻḑᶍ ᶇ ᶍḣḁḐḇḁ᷄ ᶍ∟ ᶱ

ᵸᶪᶹḡḻḐ (  3 ᶆ ) ᶊ ᶄᵣᶅᵣᶝᵸᵫᴲḣḁḐḇḁ᷄ᶱᶷ᷄ḃ᷊

ᴻ (  3 ᶆᶡ ) ᶇ ᶞ ᶮᵺᶅ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳᵲᶫᶎᴲ

target::host_task  (  7 ) ᶍ ᶉᶷ᷄ḃ᷊ᴻᴴḎḻḟḴᴻḐᶍḙḱḩᴻ

ḇᴻּטᶱ ᵷᶅ ᵴᶫᶝᵸ  G 

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲ᷂ḭᴻᶍ ᴲ᷂ḭᴻᵫ ᵰᶨᶫᶪḏḘᶹḁᶍ ᴲ᷀ḁḇḨᴴḏ

ḘᶹḁᴴḃḴ᷄ḇᴻᶍ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳᶝᵾᴲ∟ ᵫ ᵾᵴᶫᵾ

ᶇᵬᶊḏḘᶹḁ ᶆ ᶊ ᵴᶫᶪ᷈ᴻḑᶇCƎ++ ᶷḟḲ᷆ᴻ᷿ḯḻᶍḣ

ḁḐ᷈ᴻḑᶍ╗ ᶇᵶᶅ ᵴᶫᶪ᷈ᴻḑᶊᶃᵣᶅᶡ ᶫᶝᵶᵾ G3 ᶆᶎᴲḏ

ᴻḇ┌ ᶍ ᶊᶃᵣᶅ ᵶᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

 3  ḏᴻḇ  
 

 

ḁᴻḙᴻ᷈ḻḜḭᴻḇᴻᶍ ᶎᴲᴾ ᶊ◙ᶱᶣᶨᶉᵰᶫᶏᶉᶨᶉᵣ (Feed 

the beast)  Rᶇᶧᵮ ᵬᶝᵸᴳᴾfeed the beast  Rᶇᵣᵥ ᶎᴲ ᶍ

ᶱ ᵶᵾᶇᵬᶊ ᶞ ᵴᶫᶪ᷈ḻḜḭᴻḇᴻᶍ bPeast ( )  Rᶱ ᵶᴲᵼ

ᶫᶊḏᴻḇᶱ ᵸᶪᵲᶇᵫ ᵸᶘᵬ ᶉ ᶆᵸ G

 

│ Ḧ᷿ḻ ᶆ SYCL ḟḵ᷅ḱḨᶱ ᵸᶪ ᴲḏᴻḇᵫ ᶉᶇᵬᶊ

ᶉ ᶊᵡᶪᶧᵥᶊᵸᶪ ᵫᵡᶩᶝ ᵫнᴲ ᶉḟḵ᷅ḱḨᶆᶎᴲᵼᶫ

ᶎ ᶉ ᶆᵸᴳ ᶍ C++ ḟḵ᷅ḱḨᶆᶎᴲ ᶉḏᴻḇ┌ ᶍᵸᶘᶅᶱ

ᵸᶪ ᶱ ᵧᶪᵿᵰᶆᶡᴲℓ ᶍᶧᵥᶉ ᶊᶉᶩᵪᶌᶝᵺᶲᴳ  

 

ḏᴻḇᶱ ᵸ  ᶅ2 ᶃᶍ ᶆᵡᶪᴲ ḩḪḲ  ᴻ(USM) ᶇḘḋḝᶶᴻ

ᶊᶃᵣᶅ ᵶᵮ ᵶᶝᵸGUSM ᶎḥᶹḻḇᴻḡᴻḁᶆᵡᶩCƎ++ ḟḵ᷅ḱḦ

ᴻᶊᶎ ᶞᶍᵡᶪᶡᶍᶆᵸᴳḘḋḝᶶᴻᶎᴲᶧᶩ Ḵḡḳᶍ ᶱטּ ᵶᶝᵸᴳ

ᵫᵡᶪᶍᶎ ᵣᵲᶇᶆᵸ  G

 

ḏᴻḇᶍ┌ ᶱ ᵸᶪ ᵫᵡᶩᴲᵲᶍ ᶆᶎᶝᵴᶊᵼᶫᶱ ᵸᶪ ᶱ

ᵶᶝᵸ  G

 

 2 ᶆᶎᴲ᷈ᴻḑᵫ ᵴᶫᶪ ᶱ ᵸᶪ ᶊᶃᵣᶅ ᶒᶝᵶᵾᴳ

ᵾᶀᶍ᷈ᴻḑᶎ ḏᴻḇᶱ ᶇᵶᴲ ᶇᵶᶅḏᴻḇᶱ ᵶᶝᵸᴳ᷈ᴻḑᶎ

ᶍḏḘᶹḁᶆ ᵴᶫᶪּס ᵫᵡᶩᴲᵼᶫᶨᶍḏḘᶹḁᶎ ᵹᵶᶡḩḪḲᴻ

ᶱ ᵸᶪᶇᶎ ᶨᶉᵣᵾᶠᴲḏᴻḇᶍ┌ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵾᶇᵧ 

USM ᶍᶧᵥᶉḏᴻḇ ᵫ ᶮᶫᶅᵣᶅᶡᴲ ᶇ╗ ᶱ ᵶᶅ ᵸᶪ

ᵫᵡᶩᶝᵸG  

 

ᶉ ᶇᵶᶅ ᴾᶉᵻ᷈ḻḙᶹḱᴻᶎᵸᶘᶅᶱ ᶊᶣᶂᶅᵮᶫᶉᵣᶍ

ᵪ§  Rᶇ ᵥᵪᶡᵶᶫᶝᵺᶲᴳ ᵮᶍ ᶎƎ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ ᶊ

ᵴᶫᶝᵸᵫᴲḟḵ᷅ḱḦᴻᶇᵶᶅ ᶨ ᵶᶉᵰᶫᶏᴲḙḝᶾᴻḦḻḁᶎᴲ ᶊ

ᶎᶉᶩᶝᵺᶲ  G 
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ᶊᶎᴲ ᶍḙḝᶾᴻḦḻḁᶱ ᶪᶊᶎᴲ│ ḟḵ᷅ḱḨᶱ ᵸᶪᶇᵬᶊᴲ

᷈ᴻḑᶍ  (  2 ) ᶇḏᴻḇᶍ┌  (ᵲᶍ ) ᶊ ≥ᵸᶪ ᵫᵡᶩᶝᵸ  G

 

ᵲᶍ ᶆᶎᴲḏᴻḇɵ ᵸᶪ ᶍ ᶱ ᶟᴲḏᴻḇ ᶍ ᶊᶃᵣᶅ

ᵶᶝᵸᴳᵲᶫᶎᴲ᷈ᴻḑᶍ ᶱ ᵸᶪ ᶱ ᵶᵾ ᶍ ᶱ ᵸ

ᶪᶡᶍᶆᵸᴳᵲᶍ ᶆᶎᴲ᷈ᴻḑᶍ ᶱ ᵶᵾ ᶆƎḏᴻḇᶱ ᵮ

ᵸᶪ ᶱ ᶒᶝᵸᴳᵲᶫᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵶᵮ ᵸᶪᵿᵰᶆᶉᵮᴲ

ᶇ ᶱ ᶊ ᵧᶪᵾᶠᶊᶡ ᶆᵸ  G

 

 

ᶎᵷᶠᶊ 
 

ḏᴻḇᶉᵶᶆᶎ ᶍ≥ ᵫᵡᶩᶝᵺᶲᴳ ᶱ ᵸᶪטּ ᶍ ᶎᴲᶧᶩ

ᵮ ᵧᶱ ᵬ ᵸᵲᶇᶆᵸᴳᶃᶝᶩᴲḏᴻḇ ᶍ ᶡ ᶉᵲᶇᶍ 1 ᶃ

ᶎᴲḏᴻḇᶊᶷ᷄ḃḁᵸᶪ ᶆᵡᶩᴲḦ᷿ḻᶊᶷ᷄ḃḱḴᴻḇᴻᴴḏḘᶹḁᶱ

ᵸᶪᶇᴲ ᶎᵴᶨᶊ ᶊᶉᶩᶝᵸᴳ ᶍ᷿ḻ᷅ḳḅ᷆ḋḐ CPU ḡᴻḁᶍ᷿

ḁḎḨᶆᶎᴲḩḪḲᴻᶎ 1 ᵪ ᶊᵶᵪᵡᶩᶝᵺ ᵫɸᴲʊ ᷄ḃḱḴᴻḇᴻᴴḏḘᶹḁᶊ

ᶎᴲ ᵮᶍ ᴲḣḁḐᵪᶨ ᶷ᷄ḃḁᶆᵬᶉᵣ ᶍḩḪḲᴻᵫ ᵴᶫᶅᵣ

ᶝᵸ  Gᵶᵾᵫᶂᶅᴲ ᶍḏḘᶹḁᶱᵸᶪ᷊ḥᴻḐ ḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶆ

ᶎᴲᵲᶫᶨ ᶍḩḪḲᴻᶱ ᵶᴲḩḪḲᴻ ᶆḏᴻḇᶱ┌ ᵸᶪḩ᷀ḓḂḨᶱ

ᵸᶪ ᵫᵡᶩᶝᵸ  G

 

ᵲᶍ ᶆᶎᴲḏᴻḇ ᶍᵴᶝᵵᶝᶉḩ᷀ḓḂḨᶍ ᶊᶃᵣᶅ ᵶᶝᵸᴳ

ḩḪḲᴻᶇḘḋḝᶶᴻ ᶍḏᴻḇטּ ᶱ ᵶᴲ᷀ᴻḕḳᶍ ᶇ

ḏᴻḇ┌ ᶍ ᶊᶃᵣᶅ ᵶᶝᵸ  G
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ḏᴻḇ┌ ᶍ  
 

ᶊᴲ ḟḵ᷅ḱḧḻ᷅ᶊᵩᵰᶪ ḩḪḲᴻḪḏḳᶍ ᶍ 1 ᶃᶎᴲ

╗ᶍḩḪḲᴻ ḛḭᴻᶱ ᵸᶪᵲᶇᶆᵸᴳḩḪḲᶍᴻ ╗ḛḭᴻ ᶃᵲᶇᶆᴲ

ᵫ ᵴᶫᶝᵸᴳטּ ḇḁ᷄ᵪᶨᶍḩḪḲᴻᶷ᷄ḃḁᶊ ᶉᵲᶇᶱ ᵥ

ᶎᵡᶩᶝᵺ  ɸ(ḏᴻḇ ᶱ ᵸᶪ ᶉ ᶱ ᵮ)ᴳ╗ ᶍ ᶍᶷ᷄ḃ

ḱḴᴻḇᴻᴴḏḘᶹḁ (  GPU ᶉᶈ) ᶎḣḁḐ CPU ᶇḩḪḲᴻᶱ ᵶᶝᵸ

ᵫᴲ ᵮᶍḏᶸḁ᷄ḲᴻḐᴴᶷ᷄ḃḱḴᴻḇᴻᶎᴲ 3 -1 ᶊ ᵸᶧᵥᶊ CƎPU ᶇᶎ

ᵶᵾḵᴻ᷀ḳḩḪḲᴻᶱ ᵧᶅᵣᶝᵸᴳ 

 

 

 

 

 

 

 

 
 3 - 1.  ᶍ ḩḪḲ  ᴻ

 

 

ḏḘᶹḁḵᴻ᷀ḳᶇḏḘᶹḁḲḪᴻḐ 
 

ḏḘᶹḁ ᶆ ᵴᶫᶪḟḵ᷅ḱḨᶎᴲ ᴲḲḪᴻḐḩḪḲᴻᶆᶎᶉᵮᴲḏḘᶹḁ

ᶊ ᵴᶫᵾḩḪḲ ᶍᴻḏᴻḇᶱ ᶞ ᵬᵸᶪ ᵫḙḝᶾᴻḦḻḁ ᶆ

ᵸᴳḏḘᶹḁᶊ ᵴᶫᵾḩḪḲᴻᶗᶍᶷ᷄ḃḁḵɵᴻ᷀ḳʊ ᷄ḃḁᶇ ᶒᶝ

ᵸᴳ ᶍḏḘᶹḁᶍḩḪḲᴻᶷ᷄ḃḁᶎḲḪᴻḐʊ ᷄ḃḁᶆᵸᴳḲḪᴻḐᴴḩḪḲᴻᴴᶷ

᷄ḃḁᶎᴲ ╓ ᵫ ᵮḴᶹḎḻ᷿ᴻᵫ ᵣḏᴻḇḲḻ᷄ᶱ ᵶᶅ┌ ᵸᶪ ᵫ

ᵡᶪᵾᶠᴲḵᴻ᷀ḳᶷ᷄ḃḁᶧᶩᶡ ᶊᶉᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶎᴲ

ᶇᵼᶫᶊ ᵴᶫᶪḏᴻḇᶱ ╗ ᶊ ᵸᶪᵲᶇᵫᴲᵶᶏᵶᶏ ᶆᵡᶪᵲᶇ

ᶱ≥ ᵶᶝᵸ  Gᵲᶫᶱ ᵸᶪᶊᶎᴲ ᵫ ᶮᶫᶪ ᶊḏᴻḇᶱ ᶄᵰᶪᵾ

ᶠᴲ│ᶉᶪḩḪḲᴻ ᶆḏᴻḇᶱ᷈Ḝᴻᶝᵾᶎ┌ ᵸᶪ ᵫᵡᶩᶝᵸᴳ 
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 3 - 2.  ḏᴻḇ┌ ᶇ᷀ᴻḕḳ  

 

 

ᶍḩḪḲᴻᶱ  
 

ᶍḩḪḲᴻ ᶎᴲ ᵬᵮ ᵰᶅᴲḟḵ᷅ḱḨᶊᶧᶂᶅ ᶊ ᵥ ᶇᴲ

SYCL ḱḻḇᶹḨᴴḱᶹḞḱḲᴻᶊᶧᶂᶅ∆ ᶊ  v2 ᶃᶍ ᵫᵡᶩᶝᵸᴳᵼ

ᶫᵽᶫᶊ ᶇ ᵫᵡᶩᴲ ᶣ ᶞᶊꞌᵷᶅᶈᶀᶨᵪᶱ ᵶᶝᵸᴳ 

 

ᶉḏᴻḇ┌  

 

ᶍḩḪḲᴻᶱ ᵸᶪ ᶍ 1 ᶃᶎᴲ│ᶉᶪḩḪḲᴻ ᶆḏᴻḇᶱ ᶊ

᷈Ḝᴻᵸᶪᵲᶇᶆᵸᴳ 3 -2  ᶎᴲ᷀ᴻḕḳᵫ ᶇᵸᶪḏᴻḇᶱ ᶊḣḁḐḩ

ḪḲᴻᵪᶨᶷ᷄ḃḱḴᴻḇᶍᴻḩḪḲᴻᶊ᷈Ḝᴻᵸᶪᴲ ᵶᵾᶷ᷄ḃḱḴᴻḇᴻᶱ

ᵧᵾ᷿ḁḎḨᶱ ᵶᶅᵣᶝᵸᴳ᷀ᴻḕḳᵫ ᶱוֹ ᵶᵾ ᴲḣḁḐḟḵ᷅ḱḨ

ᵫᵼᶍḏᴻḇᶱ ᵸᶪ ᶊᴲֹוᶱḣḁḐᶊ᷈Ḝᴻᵸᶪ ᵫᵡᶩᶝᵸᴳ 

 

ᶉḏᴻḇ┌ ᶍ ᶎᴲ│ᶉᶪḩḪḲᴻ ᶆḏᴻḇᵫ ᵴᶫᶪḇᶹḧ

ḻ᷅ᶱ ᶊ ᶆᵬᶪᵲᶇᶆᵸᴳᵲᶫᶎᴲ ᶍḗᴻḑᶻᶼᶷᶆ ᶍḙḝᶾᴻ

Ḧḻḁᶱ ᶪᶊᶎᴲ ᶇḏᴻḇ ᶍᶿᴻḘᴻḱḋḟᵫ סּ ᶇᶉᶪ ᵫᵡ

ᶪᵾᶠ ᶆᵸ  G

 

ᶉḏᴻḇ┌ ᶍ ᶎᴲᵸᶘᶅᶍḏᴻḇ┌ ᶱ ᵸᶪᵲᶇᵫ ᶆᴲ

ᶽḱᴻᵫ ᵶᶣᵸᵮᶉᶪᵲᶇᶆᵸᴳ ᶉḏᴻḇᶱ ᵶᵾᶩ᷀ᴻƎ ḕḳᵫ

ᶱ ᵸᶪ ᶊᵸᶘᶅᶍḏᴻḇ ᶆᵬᶉᵣ ᴲ ᶂᵾ ᵫוֹ ᵴᶫᶪּס

ᵫᵡᶩᶝᵸ  G 

 

 



 

 

71  

 

 

ᵪᶨᵸᶘᶅᶍḏᴻḇ┌ ᶱ ᵶᵮ ᵥᵲᶇᶎᴲ ᶊ ᶍᵪᵪᶪ ᶊᶉ

ᶪּס ᵫᵡᶩᶝᵸ  G

 

∆ ᶉḏᴻḇ┌  

 

ḟḵ᷅ḱḨᶍ ᶊᶧᶪ ᶉḏᴻḇ┌ ᶍ ᶇᵶᶅᴲ ḱḻḇᶹḨᶝ

ᵾᶎḑḱᶹḘᴻᶊᶧᶂᶅ ᵴᶫᶪ∆ ᶉḏᴻḇ┌ ᵫᵡᶩᶝᵸᴳᵲᶍ ᴲ│

ᶉᶪḩḪḲᴻ ᶆ ᶉ᷈Ḝᴻᶱ ᵥ ᶮᶩᶊᴲ ḱḻḇᶹḨᶎḏᴻḇᵫ

ᵴᶫᶪ ᶊ ᶉḩḪḲᴻᶊ ᵸᶪ ᶱ ᵣᶝᵸ G

 

∆ ᶉḏᴻḇ┌ ᶍ ᶎᴲḏḘᶹḁᶊ ᵴᶫᵾ ḩḪḲᴻᶱᶷḟ

Ḳ᷆ᴻ᷿ḯḻᵫ ᵸᶪ ᵫ ᶉᵮᶉᶪᵲᶇᶆƎн ᶘᶅᶍ ᶉ ᶎḱḻḇᶹ

Ḩᶊᶧᶂᶅ ᶊ ᶮᶫᶝᵸᴳᶝᵾᴲḱḻḇᶹḨᶎḏᴻḇᶱ ᵸᶪḇᶹḧḻ᷅ᶇ

ᵸᶪḏᴻḇ ᶱ ᶊ ᵸᶪᵾᶠᴲḟḵ᷅ḱḨᶆᶽḱᴻᵫ ᵸᶪּס

ᶡ ᶩᶝᵸ  G

 

∆ ᶉḏᴻḇ┌ ᶍ ᶎᴲḱḻḇᶹḨᶍ∆ ᶉḩ᷀ḓḂḨᶍ ᶱ

ᶆᵬᶉᵣᴲᶝᵾᶎ ᵫ ᵴᶫᶪᵲᶇᶆᵸᴳḱḻḇᶹḨᶎ ᶉ ᶱ

ᵶᶝᵸᵫᴲḏᴻḇ ᶇ ᶍθᴻḘᴻḱḋḟɵ ᵸᶪטּ ᶉ ᶆḏ

ᴻḇᶱ┌ ᵶᶉᵣּס ᵫᵡᶩᴲḟḵ᷅ḱḨᶍḙḝᶾᴻḦḻḁᶊ☼ ᵸᶪ ᵫᵡ

ᶩᶝᵸ  G

 

ᶉ ᶍ  

 

ḟḵ᷅ḱḨᶊ ᶉ ᶱ ᵸᶪᶊᶎᴲᵴᶝᵵᶝᶉ ╣ɵ ᵸᶪ ᵫᵡᶩ

ᶝᵸᴳḟḵ᷅ḱḨ ᶍ│ᶉᶪ ᶆᶎᴲᵼᶫᵽᶫᶊ ᵶᵾ ᵫ ᵸᶪּס

ᵫᵡᶩᶝᵸᴳḟḵ᷅ḱḨᶍ ᶊ ᵶᶅᴲ ᶉ ᶇ∆ ᶉ ᶱ

ᶞ ᶮᵺᶅ ᵥᵲᶇᵫ ᶆᵡᶪᶇ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᶱ

ᵶᵣḏḘᶹḁᶊ┌ ᵸᶪ ᶱ ∆ᵸᶪᵾᶠᴲטּ ᶉḏᴻḇ┌ ᵪᶨ ᶠ

ᶪᵲᶇᶱ ᵶᶝᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᶍḙḝᶾᴻḦḻḁᴴḉḭᴻḓḻ᷅ɵ ᵸᶪ

ᶇᴲḙḝᶾᴻḦḻḁᵫ ᶉ᷈ᴻḑ ᶆᶎᴲ∆ ᶉḏᴻḇ┌ ᶱ ᶉḏᴻ

ḇ┌ ᶊ ᵬ ᵧᶪᵲᶇᵪᶨ ᶠɕ ᵸ  G 

 



 

 

72  

 

 

∙ ᶍ ᶆᶎᴲḙḝᶾᴻḦḻḁᶍ ᶊḏᴻḇטּ ᶱ ᶇᶿᴻḘᴻḱḋḟᵸ

ᶪ ᶊᶃᵣᶅ ᵶᶝᵸ  G

 

 

USM ᴲḘḋḝᶶᴻᵩᶧᶒᶹḩᴻḀ 
 

ḩḪḲᴻᶱ ᵸᶪ ᶊᶎƎטּ  ḩḪḲ (ᴻUSM) ḘƎḋḝᶶᴻƎ ᵩᶧᶒ

ᶹḩᴻḀᶍ 3 ᶃᶍ ᵫᵡᶩᶝᵸG USM ᶎ CƎ/C++ ḟḵ᷅ḱḦᴻᶊᶎ ᶞ

ᵣḥᶹḻḇᴻḡᴻḁᶍᶷḟḵᴻḉᶆᵸUGSM ᶍ ᶍ 1 ᶃᶎᴲḥᶹḻḇᴻᶱ

ᵸᶪ ᶍ C++ ᷈ᴻḑᶇᶍ ᵫ ⌐ᶉᵲᶇᶆᵸᴳḘḋḝᶶᴻᶎᴲḘḋḝᶶ

ᴻᴴḎḻḟḴᴻḐᴴ᷄ḱḁᶊᶧᶂᶅ ᵴᶫᶪᶧᵥᶊᴲ1 2Ǝ ᴲᶝᵾᶎ 3 

ᶍ ᶱ ᵶᶝᵸᴳḣḁḐᶝᵾᶎḏḘᶹḁᵪᶨᶷ᷄ḃḁᶆᵬᶪḩḪḲᴻᶗᶍ

ᵴᶫᵾḛḭᴻᶱטּ ᵶᶝᵸᴳḘḋḝᶶᴻᶎḟḵ᷅ḱḨᶊᶧᶂᶅ ᶷ᷄ḃḁᵴᶫ

ᶪᶍᶆᶎᶉᵮᴲᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵷᶅ ᵴᶫᶝᵸᴳᶹḩᴻḀᶎᴲᶹḩᴻ

Ḁ ᶊ ᶍ נּ ᶱ ᵸᶪ ᶉḇᶹḟᶍḘḋḝᶶᴻᶇᵶᶅ ᵶᶝᵸᴳ

ᵲᶍ ᶊᶎᴲ ᶉᶹḩᴻḀ ᶍ᷊ḥᴻḐᴲ᷊ḻḟḱᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶ

ᵾᶹḩᴻḀᶍ ᶞ ᶩᶉᶈᵫ ᶝᶫᶝᵸᴳḘḋḝᶶᴻᶇᶹḩᴻḀᶎ ᵮᶍ ᶱ

ᵸᶪ ᶉ ᶆᵸᵫᴲḘḋḝᶶᴻᶝᵾᶎᶷ᷄ḃ᷊ᴻᶱטּ ᵰ ᶫᶪᵾᶠ

ᶍ᷈ᴻḑᶍᵸᶘᶅᶍᶹḻḇᴻḝᶼᶹḁᶱ ᵬ ᵸᶊᶎ ᶱ ᵸᶪᵲᶇᵫᵡᶩᶝᵸᴳ

ḘḋḝᶶᴻᶇᶹḩᴻḀᶍᶹḻḇᴻḝᶼᶹḁᶎᶚᶛ ᵷᶆᵡᶪᵾᶠᴲᵲᶍ ᶆᶎ 

USM ᶇḘḋḝᶶᴻᶍᶞᶊ ᵶᶝᵸ G

 

 

ḩḪḲ  ᴻ
 

USM ᶎḏᴻḇ ᶊ ᶆᵬᶪ ᶍ 1 ᶃᶆᵸ UGSM ᶎᴲḥᶹḻḇᴻḡᴻḁ

ᶍᶷḟḵᴻḉᶆᵡᶩ CƎ/C++ ḟḵ᷅ḱḦᴻᵫḏᴻḇ ᶩ ᶅᶊ ᵸ  ᶅ

malloc  ᶣ new ᶇ ᵣ ᶎ ᵷᶆᵸ UGSM ᶎᴲḥᶹḻḇᴻᶱ ᵸᶪ ᶍ 

C/C++ ᷈ᴻḑᶍ┌ ᶱ ⌐ᶊᵶᶝᵸUGSM ᶱ᷊ḥᴻḐᵸᶪḏḘᶹḁᶎᴲ ᵴ

ᶫᵾּי ᶷḑḴḁ ᶱ᷊ḥᴻḐᵶᶝᵸᴳ ᵴᶫᵾּי ᶷḑḴḁ ᶱ ᶃᶇᵣ

ᵥᵲᶇᶎᴲḣḁḐ ᶍ USM ᶩ ᶅḳᴻḉḻᵫ ᵸ ≥ᶍḥᶹḻḇᴻ ᵫᴲḏḘ

ᶹḁ ᶆᶡ ᶉḥᶹḻḇᴻ ᶊᶉᶪᵲᶇᶱ≥ ᵶᶝᵸᴳ  
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ᴾḏḘᶹḁᶍḘᴻḀḯḻᴿ ᶱ ᵸᶪᵾᶠḣḁḐḥᶹḻḇᴻᶱ ᶆ ᵸᶪ

ᶎᶉᵮ ḣƎḁḐᶇḏḘᶹḁᶍ ᶆ ᵷḥᶹḻḇᴻ ᵫ ᵴᶫᶝᵸᴳ 

 

USM ᶍ ᶉ ᶊᶃᵣᶅᶎᴲ  6 ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

ḥᶹḻḇᴻᶱ ᵶᶅḩḪḲᴻᶊᶷ᷄ḃḁ 

 

᷿ḁḎḨᶊḣḁḐḩḪḲᴻᶇḏḘᶹḁᶊ ᵴᶫᵾḵᴻ᷀ḳḩḪḲᴻᶍ ᵫᵡᶪ

ᴲᵸᶘᶅᶍḩḪḲᴻᵫ ᵷᶧᵥᶊ ᵴᶫᶪᶮᵰᶆᶎᶉᵣᵾᶠᴲUSM ᶆᶎḏ

ḘᶹḁᴲḣḁḐᴲ ᶍ│ᶉᶪ 3 ᶃᶍ ᶩ ᶅḇᶹḟᶱ ᵶᶝᵸᴳᵸᶘᶅᶍḇᶹḟ

ᶍ ᶩ ᶅᶎḣḁḐ ᶆ ᵴᶫᶝᵸ  G3 -3  ᶎᴲᵼᶫᵽᶫᶍ ᶩ ᶅḇᶹḟᶍ

ᶱᶝᶇᶠᵾᶡᶍᶆᵸ  G

 

ᶩ ᶅ 

ḇᶹḟ 

 ḣḁḐᶆ 

ᶷ᷄ḃḁּס  

ḏḘᶹḁᶆ 

ᶷ᷄ḃḁּס  

ᶩ ᶅ 

 

ḏḘᶹḁ ḏḘᶹḁḩḪḲᴻᶊ ᶩ

ᶅ 

ᵣᵣ  γ ᶎᵣ ḏḘᶹḁ 

ḣḁḐ ḣḁḐḩḪḲᴻᶊ ᶩ

ᶅ 

ᶎᵣ ᶎᵣ ḣḁḐ 

 ḣḁḐᶇḏḘᶹḁ ᶆ

ᵴᶫᶪ ᶩ ᶅ 

ᶎᵣ ᶎᵣ ┌ סּ  

 
 3 - 3.  USM ᶩ ᶅḇᶹḟ 

 

ḏḘᶹḁ ᶩ ᶅᶎᴲḏḘᶹḁᶊ ᵴᶫᵾḩḪḲᴻᶆɲ ᶫᶝᵸᴳᵲᶍ ᶩ

ᶅᶎḏḘᶹḁ ᶆ ᶞ ᵬּס ᶆᵸᵫᴲḣḁḐᵪᶨᶎ ᶷ᷄ḃḁᶆᵬᶝᵺᶲᴳḣ

ḁḐḩḪḲᴻ ᶍ ᶍ ᶩ ᶅᶇᴲḏḘᶹḁᶍ ᶩ ᶅ ᶆḏᴻḇᶱ┌ ᵸᶪᶊ

ᶎᴲ ᶉ᷈Ḝᴻ ᵫ ᶆᵸ G

 

ḣḁḐ ᶩ ᶅᶎᴲḣḁḐᶇḏḘᶹḁᶍ ᵪᶨᶷ᷄ḃḁּס ᶉḣḁḐḩḪḲᴻᶆ

ᶮᶫᶝᵸᴳᵲᶫᶎᴲḣḁḐ᷈ᴻḑᶇḏḘᶹḁ᷀ᴻḕḳᶍ ᶆ ᵷḥᶹḻḇᴻ ᵫ

ᶆᵡᶪᵲᶇᶱ≥ ᵶᶝᵸᴳᵾᵿᵶᴲᵲᶍᶧᵥᶉḥᶹḻḇᴻᶊᶷ᷄ḃḁᵸᶪ ᴲ

ḏᴻḇᶎ ᶊḣḁḐḩḪḲᴻᵪᶨ ᵴᶫᶝᵸᴳ  
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ḏḘᶹḁ ᶆᶷ᷄ḃḁᵴᶫᵾ ᴲḏᴻḇᶎḣḁḐᵪᶨḏḘᶹḁᶍḵᴻ᷀ḳḩḪḲ

ᴻᶊ┌ ᵴᶫᶪᵲᶇᶎᵡᶩᶝᵺᶲᴳ ᶮᶩᶊᴲḏᴻḇᶎ ᴲḏḘᶹḁᶱḣḁḐᶊ

ᵸ  ᶅPCI Express (PCI -E) ᶉᶈᶍḘḁᶱ ᵶᶅ ᵴᶫᶝᵸ  G

 

ᶩ ᶅᶎᴲḣḁḐᶇḏḘᶹḁᶍ ᵪᶨᶷ᷄ḃḁᶆᵬᶝᵸᴳᵲᶍ ᶆᶎḣ

ḁḐ ᶩ ᶅᶇ ᶅᵣᶝᵸᵫᴲḏᴻḇᵫḣḁḐḩḪḲᴻᶇḏḘᶹḁᶍḵᴻ᷀ḳḩḪ

Ḳᴻ ᶆ┌ ᶆᵬᶪ ᵫ│ᶉᶩᶝᵸᴳᶃᶝᶩᴲ┌ ᶍḏḘᶹḁᶗᶍᶷ᷄ḃḁᶎᴲ

ḴᶹḎḻ᷿ᴻᵫ ᵣ ᶱ ᵶᶅḣḁḐḩḪḲᴻᶊḲḪᴻḐᶷ᷄ḃḁᵸᶪᶍᶆᶎᶉ

ᵮᴲᶎᶪᵪᶊ ᶉḏḘᶹḁᶍḵᴻ᷀ḳḩḪḲᴻᵪᶨ ᶮᶫᶝᵸᴳ ᴲᵲᶫᶎḱ

ḻḇᶹḨᶍḩ᷀ḓḂḨᶇᴲḮᴻ᷾ᴻᵪᶨᶎ ᵧᶉᵣ ḴḡḳᶍḑḱᶹḘᴻᶊᶧᶂᶅ

ᵴᶫᶝᵸG  

 

USM ᶇḏᴻḇ┌  

 

USM ᶎ ᵩᶧᶒ∆ ᶉḏᴻḇ┌ ᶍ ᶱ᷊ḥᴻḐᵶᶅᵩᶩᴲ│ᶉᶪ

ᶩ ᶅḇᶹḟᶎ│ᶉᶪ ᶆḦḋḟᵴᶫᶝᵸᴳḏḘᶹḁ ᶩ ᶅᶆᶎᴲḣḁḐᶇḏ

Ḙᶹḁ ᶆḏᴻḇᶱ ᶊ┌ ᵸᶪ ᵫᵡᶩᶝᵸᵫᴲḣḁḐᶇ ᶍ ᶩ

ᶅᶆᶎ∆ ᶉḏᴻḇᶍ┌ ᵫ ᶮᶫᶝᵸ  G

 

ᶉ USM ᶍḏᴻḇ┌  

 

USM ᶊᶧᶪ ᶉḏᴻḇ┌ ᶎᴲḏḘᶹḁᶍ ᶩ ᶅᶇᴲ᷂ḭᴻᵩᶧᶒḗḻḑ

ḱᴻ᷄ḱḁᶊ ᵸᶪ ᶉ memcpy()  ᶊᶧᶂᶅ ᵴᶫᶝᵸᴳḣḁḐᵪᶨḏḘ

ᶹḁᶗᴲᶝᵾᶎḏḘᶹḁᵪᶨḣḁḐᶗḏᴻḇᶱ ᵸᶪᵾᶠᴲmemcpy()   (ᶷ

᷿᷄ḯḻ) ᶱ᷂ḭᴻᶊᶽḻ᷂ḭᴻᵶᶝᵸᴳ 

 

 3 -4  ᶊᶎᴲḏḘᶹḁ ᶩ ᶅᶱ ᵸ ᶅ 1 ᶃᶍ᷀ᴻḕḳᵫ ᶝᶫᶅᵣᶝᵸᴳ

ḏᴻḇᶎᴲ᷀ᴻḕḳᵫ memcpy()  ᶱ ᵶᶅ ᵸᶪ ᶇ ᶊᴲ

host_array ᶇ device_array  ᶆ᷈Ḝᴻᵴᶫᶝᵸᴳ᷂ḭᴻᶆ wait()  ᶱ

ᶒ ᵸᶇᴲ᷀ᴻḕḳᵫ ᵴᶫᶪ ᶊḏḘᶹḁᶗᶍ᷈Ḝᴻᵫ ᵶᴲḏᴻḇᵫḣḁ

Ḑᶊ᷈Ḝᴻᵴᶫᶪ ᶊ᷀ᴻḕḳᵫ ᵶᶅᵣᶪᵲᶇᵫ ᵴᶫᶝᵸᴳᵲᶫᶨᶍ

ᶒ ᵶᶱᶈᶍᶧᵥᶊ ᶆᵬᶪᵪᶎᴲᵲᶍ ᶍ ᶆ ᵶᶝᵸᴳ 
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#include  <array>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 

 

int  main () {  

 queue  q;  

 
 std ::array< int , N> host_array;  

 int  *device_array = malloc_device <int >(N, q);  

 

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

 

 // ᵲᶍ ᶱ ᵸᶪטּ ᶊᶃᵣᶅᶎ ᶆ ᵶᶝ  н

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

 // host_array ᶱ device_array ᶊ᷈Ḝ  ᴻ

 h. memcpy(& host_array [ 0], device_array, N * sizeof ( int ));  

 });  

 q. wait ();  

 

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

 h. parallel_for (N, [=]( id <1> i ) { device_array [i]++; });  

 });  

 q. wait ();  

 

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

 // device_array ᶱ host_array ᶊ᷈Ḝ  ᴻ

 h. memcpy(& host_array [ 0], device_array, N * sizeof ( int ));  

 });  

 q. wait ();  

 

 free (device_array, q);  

 return  0;  

}  

 
 3 - 4.  USM ᶉḏᴻḇ┌  

 

 

∆ ᶉ USM ᶍḏᴻḇ┌  

 

USM ᶊᶧᶪ∆ ᶉḏᴻḇ┌ ᶎᴲḣḁḐᶇ ᶩ ᶅᶊᶧᶂᶅ ᵴᶫᶝᵸᴳ

ᵲᶍḇᶹḟᶍ ᶩ ᶅᶆᶎᴲḣḁḐᶇḏḘᶹḁ ᶍḏᴻḇ┌ ᶊ᷈Ḝᴻ ᶱ

ᶊ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳ ᶮᶩᶊᴲ᷀ᴻḕḳ ᶍḥᶹḻḇᴻᶊᶷ᷄ḃḁᵸ

ᶪᵲᶇᶆᴲ ᶉḏᴻḇ┌ ᶎḟḵ᷅ḱḦᴻᶍ ᶉᵶ ᶊ ᶮᶫᶝᵸ (ḏ

Ḙᶹḁᵫ ᶩ ᶅᶱ᷊ḥᴻḐᵶᶅᵣᶪ )ɭ  G 
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ᵲᶫᶊᶧᶩᴲ ᶍ᷈ᴻḑᶍ┌ ᵫ ᶊ ᵴᶫᶝᵸmGallocטּ  ᶝᵾᶎ new 

ᶱ ᶉ USM ᶩ ᶅ  (ᵩᶧᶒḩḪḲᴻᶍ ᶩ ᶅᶱ ᵸ  ᶅfree  ᶍ

ᶒ ᵶ) ᶊ ᵬ ᵧᶪᵿᵰᶆᴲᵸᶘᶅᵫ ᵸᶪᶧᵥᶊᶉᶩᶝᵸᴳ 

 
#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 

int  main () {  

 queue  q;  

 int  *host_array = malloc_host <int >(N, q);  

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

 

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

   // ḣḁḐ ᶍ host_array ᶱ   טּ

   host_array [i] = i;  

 }  

 

 // ᵲᶍ ᶱ ᵸᶪטּ ᶊᶃᵣᶅᶎ ᶆ ᵶᶝ  н

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

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

   // ḏḘᶹḁ ᶍ shared_array ᶇ host_array ᶊᶷ᷄ḃḁ  

   shared_array [i] = host_array [i] + 1;  

   });  

 });  

 q. wait ();  

 

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

   // ḣḁḐ ᶍ shared_array ᶊᶷ᷄ḃḁ  

   host_array [i] = shared_array [i];  

 }  

 

 free (shared_array, q);  

 free (host_array, q);  

 return  0;  

}  

 
 3 - 5.  USM ∆ ᶉḏᴻḇ┌  

 

 3 -5  ᶆᶎᴲᵼᶫᵽᶫḣḁḐ ᶩ ᶅᶇ ᶩ ᶅᶆ 2 ᶃᶍ ᴲ

host_array  ᶇ shared_array  ᶱ ᵶᶝᵸ ḣGḁḐ᷈ᴻḑᶆᶎḣḁḐ ᶩ

ᶅᶇ ᶩ ᶅᶍ ᶊ ᶷ᷄ḃḁᶆᵬᶝᵸᵫᴲᵲᵲᶆᶎ host_array  ᶍ

ᶞᶱ ᵶᶝᵸטּ  G 
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ᶊᴲ᷀ᴻḕḳ ᶆ ᶷ᷄ḃḁᵶᶅᴲḏᴻḇᶱḲḪᴻḐᶆ ᶞ ᶪᵲᶇᶡᶆ

ᵬᶝᵸᴳḱḻḇᶹḨᶎᴲ᷀ᴻḕḳᵫ shared_array  ᶊᶷ᷄ḃḁᵸᶪ ᶊ 

shared_array  ᵫḏḘᶹḁ ᶆ סּ ᶆᵡᶪᵲᶇᴲᵩᶧᶒ ᶊḣḁḐ᷈ᴻ

ḑᶊᶧᶂᶅ ᶞ ᶨᶫᵾᶇᵬᶊ shared_array  ᵫ ᶊ ᵴᶫᶪᵲᶇᶱ ᵶᶝ

ᵸᴳᵲᶫᶨᶎᵸᶘᶅḟḵ᷅ḱḦᴻᶍ ᶉᵶᶆ ᶮᶫᶝᵸᴳ 

 

 

Ḙḋḝᶶ  ᴻ
 

ḏᴻḇ ᶊ ᵴᶫᶪᶡ  v1 ᶃᶍ ᶎᴲḘḋḝᶶᴻᴴᶿḞḀᶼ᷄ḐᶆᵸᴳḘḋטּ

ḝᶶᴻᶎᴲ ᶍ C++ ᶍ 1 ᶃ∙ ᶍᶿḞḀᶼ᷄Ḑᶱ ᵸḏᴻḇᶍ ᶆᵸᴳטּ

ḘḋḝᶶᴻᴴᶿḞḀᶼ᷄Ḑᶍ ᶎᴲḁ᷀ḱᴻḏᴻḇ ( int fƎloat  ᶝᵾᶎ 

double ᶉᶈ)ᴲḡ᷄Ḑḳḏᴻḇ (  11 )ᴲᶝᵾᶎḮᴻ᷾ᴻ ᶍ᷄ḱḁᶣ

ᶊᶆᵬᶝᵸ SGYCL 2020 ᶆᶎᴲ ᵴᶫᶪ ᶍḃḋḐᶗᶍ ᶊᶧᶂᶅᴲנּ

ᶊ᷈Ḝᴻּס ᶉ ᶱ ᵶᵾḏƎḘᶹḁ᷈Ḝᴻּס ᶇᵣᵥ ᵶᵣ ᵫ

ᵴᶫᶅᵣᶝᵸᴳ ᶊ sƎtd::array sƎtd::pair sƎtd::tuple sƎtd::span  

ᶉᶈ╗ ᶉ C++ ᷄ḱḁᶍḎḻḟḴᴻḐּטᵴᶫᵾ ᵫḏḘᶹḁ᷈Ḝᴻּס

ᶆᵡᶪ ᴲᵼᶫᶨᶍ ᶱ ᵶᶅ ᵴᶫᵾ C++ ᷄ḱḁᶍ ᶡḏḘᶹḁטּ

᷈Ḝᴻּס ᶊᶉᶩᶝᵸᴳḘḋḝᶶᴻᶆ ᵸᶪ ᶊᴲḏᴻḇ ᵫḏḘᶹḁᶆ᷈Ḝᴻ

סּ ᶆᵡᶪᵲᶇᶱ ᵶᶅᵮᵿᵴᵣ G

 

Ḙḋḝᶶᴻ ᶎ ╗ᶍᶿḞḀᶼ᷄ḐᶆᵸᵫᴲḘḋḝᶶᴻᶊᶧᶂᶅ᷀ḟḃḳּטᵴ

ᶫ  ᶅC++ ᶎ ᶍᶿḞḀᶼ᷄Ḑᶱ ᶟ ᶊᶉᶪּס ᵫᵡᶩᶝᵸᴳḘḋḝᶶ

ᴻᶎ ᶍḩḪḲᴻᶷḑḴḁᶆᶎᶉᵮḏᴻḇᴴᶿḞḀᶼ᷄Ḑᶱ ᵸᵾᶠᴲ ᶍ 

C++ ᶍᶧᵥᶊ ᶷ᷄ḃḁᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳ ᴲḘḋḝᶶᴻᴴᶿḞḀ

ᶼ᷄ḐᶎᴲḙḝᶾᴻḦḻḁ ᶍ ᵪᶨᴲ ᶍ│ᶉᶪḏḘᶹḁ ᴲᶝᵾᶎ ᵷḏḘ

ᶹḁ ᶍ ᶍ│ᶉᶪḩḪḲᴻ∞ ᶊḦḋḟᵴᶫᶪᵲᶇᵫᵡᶩᶝᵸᴳ ᶮᶩᶊᴲḘ

ḋḝᶶᴻᶍ ᶞ ᶩᶇ ᵬ ᶞᶊᶎᴲʊ᷄ḃ᷊ᴻH ᶿḞḀᶼ᷄Ḑᶱ ᵶᶝᵸᴳ 

 

Ḙḋḝᶶᴻᶍ ᶊᶃᵣᶅᶎᴲ 7 ᶱ ᵶᶅᵮᵿᵴᵣ  G
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Ḙḋḝᶶᴻᶱ  

 

Ḙḋḝᶶᴻᶎᵴᶝᵵᶝᶉ ᶆ ᶆᵬᶝᵸᴳ ᶡ ᶉ ᶎᴲḘḋḝᶶᴻ᷊ᶹ

Ḃᶱ ᵸᶪ ∫ᶱ ᶃ ᵶᵣḘḋḝᶶᴻᶱ ᶊ ᵸᶪᵲᶇᶆᵸᴳᵾᵿᵶᴲᵲ

ᶍ ᶆḘḋḝᶶᴻᶱ ᵶᶅᶡḏᴻḇᶎ ᵴᶫᶝᵺᶲᴳᶃᶝᶩᴲḘḋḝᶶᴻטּ

ᵪᶨ ᶉḏᴻḇᶱ ᶞ ᶪ ᶊᴲᶝᵹ ᶍ ᶆḘḋḝᶶᴻᶱ ᵸᶪטּ

ᵫᵡᶩᶝᵸ  G

 

ḣḁḐ ᶍ ᶍḏᴻḇᵪᶨḘḋḝᶶᴻᶱ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳᵲᶫᶎᴲ

ᶍḣḁḐ ᶩ ᶅᶗᶍḥᶹḻḇᴻᴲInputIterators  ᶍḃḋḐᴲᶝᵾᶎ ᶍ

ḟḵḙḎᶸᴻᶱ ᶃ᷈ḻḎḒᴻᶍᵣᵹᶫᵪᶱ ᵰ ᶪ ᶍ᷈ḻḁḐḱ᷄ḇᴻᶍ 

1 ᶃᶱ ᶒ ᵸᵲᶇᶊᶧᶂᶅ ᶮᶫᶝᵸ GḘḋḝᶶᴻ ᶊᴲḏᴻḇᶎ ᶍ

ḣḁḐ ᶩ ᶅᵪᶨḘḋḝᶶᴻᴴᶿḞḀᶼ᷄ḐᶍḣḁḐḩḪḲᴻᶊ᷈Ḝᴻᵴᶫᶝᵸᴳ

SYCL ᶍ ◖ ᶱ ᵶᶅᴲḘḋ᷄ᶽḻḑ ᶍᶿḞḀᶼ᷄Ḑ (OpenCL 

cl_mem  ᶿḞḀᶼ᷄Ḑᶉᶈ) ᵪᶨḘḋḝᶶᴻᶱ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳ ᶊᶃ

ᵣᶅᶎᴲ  20 ᶍ ◖ ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

Ḙḋḝᶶᴻᶍᶷ᷄ḃḁ 

 

ḘḋḝᶶᴻᶎᴲḣḁḐᵩᶧᶒḏḘᶹḁᵪᶨ ᶷ᷄ḃḁᶆᵬᶝᵺᶲ (ᵲᵲᶆ ᵴ

ᶫᶅᵣᶉᵣᴲ ᶆᵡᶝᶩ ᵴᶫᶉᵣḩ᷀ḓḂḨᶱ ᵸᶪ ᶱ ᵮ)ᴳ ᶮ

ᶩᶊᴲḘḋḝᶶᴻᶍ ᶞ ᶩᶇ ᵬ ᶞᶊᶎᴲᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶝ

ᵸᴳᶷ᷄ḃ᷊ᴻᶎᴲḘḋḝᶶᴻ ᶍḏᴻḇᶱᶈᶍᶧᵥᶊ ᵸᶪᵪ ᶱḱḻḇᶹ

Ḩᶊ ᵶᴲḏᴻḇᶍ┌ ᶱ ᵶᵮ ᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳ 
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#include  <array>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 

int  main () {  

 std ::array< int , N> my_data;  

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

 

 {  

 queue  q;  

 buffer  my_buffer (my_data);  

 

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

 // ḏḘᶹḁ ᶍḘḋḝᶶᴻᶱ ᵸᶪᵾᶠᶍ 

 // ᶷ᷄ḃ᷊ᴻᶱ  

 accessor  my_accessor ( my_buffer , h);  

 

 h. parallel_for (N, [=]( id <1> i ) { my_accessor [i]++; });  

 });  

 

 // ḣḁḐᶷ᷄ḃ᷊ᴻᶱ  

 host_accessor  host_accessor (my_buffer);  

 

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

  // ḣḁḐ ᶍ myBuffer ᶊᶷ᷄ḃḁ 
  std ::cout << host_accessor [i] << " " ;  

 }  

 std ::cout << " \ n" ;  

 }  

 

 // myData ᶎḁ᷈ᴻḟ ᶊ 

 // myBuffer ᵫ ᵴᶫᶪᶇ ᵴᶫᶝ  н

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

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

 }  

 std ::cout << " \ n" ;  

}  

 
 3 - 6.  Ḙḋḝᶶᴻᶇᶷ᷄ḃ᷊  ᴻ

 

ᶷ᷄ḃḁḪᴻḑ  
read  ᶞ ᶩ ᶷ᷄ḃḁG 
write  ᵬ ᶞ ᶷ᷄ḃḁᴳ∙ ᶍ ᶎ ᵴᶫᶝᵸᴳ 
read_write  ᶞ ᶩᶇ ᵬ ᶞᶷ᷄ḃḁ G

 
 3 - 7.  Ḙḋḝᶶᴻᶍᶷ᷄ḃḁḪᴻḑ 
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ᶷ᷄ḃḁḪᴻḑ 

 

ᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᶇᵬᶊᴲᵼᶫᶱᶈᶍᶧᵥᶊ ᵸᶪᵪḱḻḇᶹḨᶊ ᵶᶅᴲ

טּ ᵰᶊ ᶱ ᶆᵬᶝᵸᴳᵲᶫᶎᴲʊ᷄ ḃḁḪᴻḑɵ ᵶᶅ ᵣᶝ

ᵸᴳᶷ᷄ḃḁḪᴻḑᶎ  Ǝ3 - 7  ᶊ  нaccess_mode  ᶆ ᵴᶫᶝᵸᴳ  

3 -6  ᶊ ᵸ᷈ᴻḑ ᶆᶎᴲᶷ᷄ḃ᷊ ᴻmy_accessor  ᶎḏḝᶾḳḐᶍᶷ᷄ḃḁḪ

ᴻḑ access_mode::read_write  ᶆ ᵴᶫᶅᵣᶝᵸᴳᵲᶫᶊᶧᶂᶅᴲḱḻḇ

ᶹḨᶎ mƎy_accessor  ᶱ ᵶᶅḘḋḝᶶᴻᶍ ᶞ ᶩᶇ ᵬ ᶞᶍ ᶱ ᵥ

ᵲᶇᶱ ᵶᶝᵸᴳᶷ᷄ḃḁḪᴻḑᶎᴲḱḻḇᶹḨᵫ∆ ᶉḏᴻḇ┌ ᶱ טּ

ᵸᶪ ᶱ ᵶᶝᵸᴳ ᵧᶏaƎccess_mode::read  ᶎ᷀ᴻḕḳᵫ ᶱ ᵸ

ᶪ ᶊᴲḏḘᶹḁᶆḏᴻḇᵫ סּ ᶆᶉᵰᶫᶏᶉᶨᶉᵣᵲᶇᶱḱḻḇᶹḨᶊ

ᵶᶝᵸᴳ᷀ᴻḕḳᵫᶷ᷄ḃ᷊ᴻᶱ ᵶᶅḏᴻḇᶱ ᶞ ᶪᵿᵰᶍ ᴲḏᴻḇᶎ

ᵴᶫᶉᵣᵾᶠᴲ᷀ᴻḕḳᵫ ᵶᵾ ᶊḏᴻḇᶱḣḁḐᶊ᷈Ḝᴻᵸᶪ ᶎᵡ

ᶩᶝᵺᶲᴳ ᶊaƎccess_mode::write ᶎᴲḘḋḝᶶᴻᶍ ᶱ ᵶᶅ

ᵫ ᵸᶪᶇᴲ ᶱḣḁḐᶊוֹ ᵬ ᵸ ᵫᵡᶪᵲᶇᶱḱḻḇᶹḨᶊ ᶨᵺᶝ

ᵸ  G 

 

ᶉḪᴻḑᶆᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᶇᴲḟḵ᷅ḱḨ ᶆḏᴻḇᶱᶈᶍᶧᵥᶊ

ᵸᶪᵪ ᶉ ᵫḱḻḇᶹḨᶊ ᵴᶫᶝᵸᴳḱḻḇᶹḨᶎᴲᶷ᷄ḃ᷊ᴻᶱ

ᵶᶅḏᴻḇᶱ ᵸᶪ ᶱ ᵶᶝᵸᵫᴲᵲᶍḏᴻḇᶱ ᵶᶅ᷀ᴻḕḳᶍ

ḁ᷆Ḁḭᴻḳᶣḏᴻḇᶍ┌ ᶱ ᵸᶪᵲᶇᶡᵡᶩᶝᵸᴳᶷ᷄ḃḁḪᴻḑᶇטּ

ḇ᷅ᶊᶃᵣᶅᶎᴲטּ  7 ᶆ ᵶᵮ ᵶᶝᵸ G

 

 

ḏᴻḇᶍ ᶱ ᵰ 
 

᷀ᴻḕḳᶎᴲ ᶍᵾᶠᶊ ᵴᶫᶪ ḇḁ᷄ᶆᵡᶪᶇ ᶉᵸᵲᶇᵫᶆᵬᶝ

ᵸᴳᵲᶫᶨᶍḇḁ᷄ᶎᴲḏḘᶹḁ ᶆ ᵸᶪᶧᵥᶊḁ᷆Ḁḭᴻḳᵴᶫᶅᵣᶪ᷂ḭ

ᴻᶊ ᵸᶪ ᵫᵡᶩᶝᵸ  G 
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ᵮᶍ ᴲ ᵶᵣ ᵫוֹ ᵴᶫᶪᶧᵥᶊᴲ᷀ᴻḕḳᶎ ᶍ ᶆ ᵸᶪ

ᵫᵡᶩᶝᵸᴳ ᵶᵣ ᶱוֹ ᶪᵾᶠᴲḇḁ ᷄A ᶱḇḁ  ᷄B ᶍ ᶊ ᵸᶪ

ᵫᵡᶪ ᴲḇḁ  ᷄A ᶇḇḁ  ᷄B ᶍ ᶊ∟ 10  ᵫ ᵸᶪᶇ ᵣᶝᵸ  G

 

ᵾᵿᵶᴲḁ᷆Ḁḭᴻḳᶍ ᵫᵡᶪḇḁ᷄ᶍ ᶎ᷀ᴻḕḳᵿᵰᶆᶎᵡᶩᶝᵺᶲᴳ

᷀ᴻḕḳᵫᶷ᷄ḃḁᵸᶪḏᴻḇᶎᴲ᷀ᴻḕḳᵫ ᶱ ᵸᶪ ᶊḏḘᶹḁ ᶆ

סּ ᶆᵡᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶨᶍḏᴻḇ∟ ᶊᶧᶩᴲᵡᶪḏḘᶹḁᵪᶨ

ᶍḏḘᶹḁᶗᶍḏᴻḇ ᶇᵣᵥ ᶆ ᶍḇḁ᷄ᵫנּ ᵴᶫᶪᵲᶇᵫᵡᶩᶝ

ᵸᴳḏᴻḇ ḇḁ᷄ᶎᴲ ᶊ᷈ᴻḑּטᵴᶫᵾ᷈Ḝᴻ ᴲᶝᵾᶎ╗ ᶊᶎ

ḱḻḇᶹḨᶊᶧᶂᶅ ᵴᶫᶪ∆ ᶉḏᴻḇ┌ ᶍᵣᵹᶫᵪᶆᵸᴳ 

 

ḟḵ᷅ḱḨ ᶍᵸᶘᶅᶍḇḁ᷄ᶇᵼᶫᶨᶍ ᶍ∟ ᶱ ᵸᶪᶇᴲᵲᶍ

ᶱ᷅ḱḝᶇᵶᶅּס ᶆᵬᶝᵸᴳᵲᶍḇḁ᷄᷅ḱḝᶎᴲטּ ᶊᶎᴲḖᴻḑᵫḇḁ

᷄ᴲᶽḋḀᵫ∟ ᶆᵡᶪ ᷅ḱḝ (DAG) ᶆᵸᴳ∟ ᵫ╗

ᶆᵡᶪᵾᶠᴲ᷅ḱḝᶎ ᶆᵸᴳᶃᶝᶩᴲḇḁ᷄ A ᶎḇḁ  ᷄B ᶍ ᶊ ᵸᶪ

ᵫᵡᶩᶝᵸᴳ᷅ḱḝᶎ ᶆᵸᴳᵲᶫᶎᴲḖᴻḑᵪᶨᵼᶫ ᶊ ᶪ᷊ᶹ᷄ḳᶣḙ

ḁᵫ ᶝᶫᶅᵣᶉᵣᵾᶠᶆᵸ  G

 

 3 - 8  ᶆᶎᴲḇḁ  ᷄A ᶎḇḁ  ᷄B ᶇ C ᶍ ᶊ ᵸᶪ ᵫᵡᶩᶝᵸᴳ

ᶊᴲḇḁ  ᷄B ᶇ C ᶎḇḁ  ᷄D ᶍ ᶊ ᵸᶪ ᵫᵡᶩᶝᵸ BG ᶇ C ᶎ ᶊ

∟ ᵶᶅᵣᶉᵣᵾᶠᴲḇḁ ᷄A ᵫ ᶊ ᵴᶫᶅᵣᶪ ᶩᴲḱḻḇᶹḨᶎᵼᶫᶨᶱ

≥ᶍ ᶆ (ᶝᵾᶎ ᶊ) ᶆᵬᶝᵸ ᵶGᵾᵫᶂᶅᴲᵲᶍ᷅ḱḝᶍּס ᶉ

ᶉ ᶎ AƎ Ĥ B Ĥ C Ĥ D AƎ Ĥ C Ĥ B Ĥ Dᴲᵴᶨᶊ B ᶇ C ᵫ ᶊ

ᶆᵬᶪ ᶎ A Ĥ {B,C} Ĥ D ᶇᶉᶩᶝᵸ  G

 

 

 

 

 

 
10  ᶍ♣ Ḏ᷂ḁḐᶆᶎᴲdᴂependence ᵇᶇdᴂependences ᵇᵫdᴂependency ᵇᶇ

dᴂependencies ᵇᶇ ᵴᶫᶪ ᵫᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳᵲᶫᶨᶎ ᵷ≥ ᶆᵸᵫᴲḏᴻḇ

ḝḵᴻ ᶊ ᵸᶪᵣᵮᶃᵪᶍ ᶉ ᶆ ᵴᶫᶅᵣᶪḁḢḳᶱ ᵶᶝᵸᴳ 

https://dl.acm.org/doi/pdf/10.1145/75277.75280  ᶇ 

https:// dl.acm.org/doi/pdf/10.1145/113446.113449  ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

https://dl.acm.org/doi/pdf/10.1145/75277.75280
https://dl.acm.org/doi/pdf/10.1145/75277.75280
https://dl.acm.org/doi/pdf/10.1145/113446.113449
https://dl.acm.org/doi/pdf/10.1145/113446.113449
https://dl.acm.org/doi/pdf/10.1145/113446.113449
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 3 - 8.  ᶉḇḁ᷄᷅ḱḝ 

 

ḇḁ᷄ᶎᴲᵸᶘᶅᶍḇḁ᷄ᶍ᷊ḞḃḋḐᶇ∟ ᶱ ᶃ ᵫᵡᶩᶝᵸᴳᵲᶫ

ᶨᶍ᷆ᴻḁᶆᶎᴲ ᶊ ᶉ∟ ᶍᶞᶱ ᵶᶝᵸᴳᵲᶍ ᶊᶧᶩᴲ

ᶊḇḁ᷄᷅ḱḝᶍ ᶱ ᵸᶪטּ ᵫ ᵧᶨᶫᶝᵸ  G3 - 9  

ᶆᶎᴲ  3 - 8  ᶍ ᶍḇḁ᷄᷅ḱḝᶱ ᵶᶅᴲḇḁ᷄ E ᶇ F ᶱ ᵶᶝᵸנּ EG ᶎ 

F ᶍ ᶊ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵾᵿᵶᴲḇḁ᷄ E ᶇ F ᶎᴲḖᴻḑ A BƎ CƎᴲᵩ

ᶧᶒ D ᶇᶎ∟ ᵫᵡᶩᶝᵺᶲᴳᵲᶫᶊᶧᶩᴲḱḻḇᶹḨᶎ סּ ᶉḇḁ᷄

ᶍ ᵰᶱ ᵪᶨ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸ G

 

 

 

 

 

 

 

 

 

 

 

 
 3 - 9.  ∟ ᵫ ᵣᶊ ᶉḇḁ᷄᷅ḱḝ 
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᷂ḭᴻ ᶆ᷀ᴻḕḳ ᶉᶈḇḁ᷄ᶍ ᶱḪḏḳּטᵸᶪᶊᶎ2Ǝ ᶃᶍ│ᶉᶪ

ᵫᵡᶩᶝᵸᴳ᷂ḭᴻᶎᴲ ᵴᶫᵾ ᶆḇḁ᷄ᶱ ᵸᶪᵲᶇᶡᴲ ᵶᵾ∟

ᶊ ᶂᶅ ≥ᶍ ᶆḇḁ᷄ᶱ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳ ᵶᵣ ᵰᶊ

ᶉ∟ ᶱ ᵸᶪḩ᷀ḓḂḨᵫᵣᵮᶃᵪᵡᶩᶝᵸᴳ 

 

ᶹḻᶿᴻḈᴻᴴ᷂ḭ ᴻ

 

ḇḁ᷄ᶱ ᵰᶪ ᶡ ᶉ ᶎᴲḇḁ᷄ᶱᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᴴᶿḞḀᶼ᷄Ḑ

ᶊ ᵸᶪᵲᶇᶆᵸᴳᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶎᴲ 3 -10  ᶊ ᵸᶧᵥᶊᴲḇḁ᷄ᶱ

ᵴᶫᵾ ᶆ ᵶᶝᵸᴳḇḁ᷄ᶍ ᵰᵫ ᶆᵡᶪᵾᶠᴲᶹḻᶿᴻḈᴻᴴ᷂

ḭᴻᶊᶎ ᶆᵡᶪᶇᵣᵥ ᵫᵡᶩᶝᵸᵫᴲ ᵶᵾḇḁ᷄ ᶊ∟ ᵫ

ᵶᶉᵣ ᶆᶡḇḁ᷄ᶱ᷿Ḳᶷḳּטᵸᶪᶇᵣᵥ ᵫᵡᶩᶝᵸᴳ ᶹḻᶿᴻḈᴻᴴ᷂ḭ

ᴻᶎᴲ᷿ḻḟḳᶆ ᶆᵡᶩᴲ ᵫ ᶆᵡᶩᴲ ᵮᶍ᷈ᴻḑᶊ ᵶᶅ

ᵣᶪᵾᶠᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶊ ᶀᶝᵸᴳ 

 
#include  <sycl/sycl.hpp>  

using  namespace sycl ;  

constexpr int N = 4;  

 

int main () {  

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

 

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

 h. parallel_for (N, [=](id< 1> i ) {  /*...*/  });  // ḇḁ  ᷄ A 

 });  

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

 h. parallel_for (N, [=](id< 1> i ) {  /*...*/  });  // ḇḁ  ᷄ B 

 });  

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

 h. parallel_for (N, [=](id< 1> i ) {  /*...*/  });  // ḇḁ  ᷄ C 

 });  

 

 return  0;  

}  

 3 - 10.  ᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶍ  r
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ᶷᶻḐᶿḞᶿᴻḈᴻᴴ᷂ḭᴻ 

 

᷂ḭᴻᴴᶿḞḀᶼ᷄ḐᶎᶷᶻḐᶿḞᶿᴻḈᴻᴴ᷂ḭᴻᶆᵡᶪᵾᶠ (ᶹḻᶿᴻḈᴻᴴ᷂ḭ

ᴻᴴḟḵḙḎᶸᴻᶱ ᵶᶅ ᵴᶫᶉᵣ )ɭᴲ᷂ḭᴻᴴᶿḞḀᶼ᷄Ḑᶊ ᵴᶫ

ᵾḇḁ ᶍ᷄ ᵰ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ᷂ḭᴻᶎᴲḇḁ᷄ ᶍ∟

ᶱ ᶊ ᵸᶪᵲᶇᶆᴲḇḁ᷄ᶱ ᵰᶝᵸᴳᵲᶫᶨᶍ∟ ᶎᴲ᷈Ḧ

ḻḑ᷅ḳᴻḟɵ ᵶᶅ ᶝᵾᶎ∆ ᶊ ᶆᵬᶝᵸᴳᵲᶫᶨᶊᶃᵣᶅᶎᴲ

ᶍḃ᷿᷄ḯḻᶆ ·ᶊ ᵶᶝᵸᴳ 

 

᷈Ḧḻḑ᷅ḳᴻḟᶎᴲḇḁ᷄ᶇᵼᶍ∟ ᶱ ᵸᶪᶿḞḀᶼ᷄Ḑᶆᵸᴳ᷈Ḧ

ḻḑ᷅ḳᴻḟᶎ ᴲ᷂ḭᴻᴴᶿḞḀᶼ᷄Ḑᶍ submit() ḩḅḋḑᶊ╥ ᶇᵶᶅ

ᵴᶫ  ᶅC++ ḱḨḈ ᶇᵶᶅ ᵴᶫᶝᵸᴳᵲᶍḱḨḈᶍ ╗ᶍḙḱḩᴻḇᴻᶎᴲ

ḗḻḑḱᴻᴴᶿḞḀᶼ᷄Ḑᶗᶍ ᶆᵸᴳḗḻḑḱᴻᴴᶿḞḀᶼ᷄Ḑᶎᴲᶷ᷿᷄ḯḻᶱ

ᵶᴲᶷ᷄ḃ᷊ᴻᶱ ᵶᴲ∟ ᶱ ᵸᶪᵾᶠᶊ᷈Ḧḻḑ᷅ḳᴻḟ ᶆ

ᵴᶫᶝᵸ  G

 

ᶹḡḻḐᶇᶍ ᶉ∟  

 

ḇḁ᷄ ᶍ ᶉ∟ ᶎᴲḇḁ ᷄A ᵫḇḁ  ᷄B ᶍ ᶊ ᵴᶫᶉᵰᶫᶏ

ᶉᶨᶉᵣᴲᵲᶫᶝᶆ ᶅᵬᵾ  (  3 -8 ) ᶍᶧᵥᶊᶉᶩᶝᵸᴳᵲᶍᶧᵥᶊ∟

ᶱ ᵸᶪᶇᴲ ᶊᶧᶂᶅᶷ᷄ḃḁᵴᶫᶪḏᴻḇᶆᶎᶉᵮᴲ ᵸᶪ ᶊ

ᶄᵮ ᶉ ᵰᶊ ᵫ ᵪᶫᶝᵸ  G 

 

Ḙḋḝᶶᴻᶱ ᵸᶪ᷈ᴻḑᶎᴲᶚᶇᶲᶈᶍ∟ ᶱᶷ᷄ḃ᷊ᴻ ᶆ

ᵸᶪᵾᶠᴲ ᶍ∟ ᶱ ᵸᶪᵲᶇᶎᴲ ᶊ USM ᶱ ᵸᶪ᷈ᴻḑᶊ

ᵶᶅᵣ ᵲᶅᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ 3 -4  ᵩᶧᶒ 3 -5  ᶆᶎᴲ ᵸᶪ ᶊᴲ

∙ ᶊ ᵴᶫᵾᵸᶘᶅᶍḇḁ᷄ᵫ ᵸᶪᶝᶆ᷂ḭᴻᶱ ᵸᶪᶧᵥᶊ ᵶ

ᶅᵣᶝᵸᴳ ᶮᶩᶊᴲʋḡḻḐH ᶿḞḀᶼ᷄Ḑᶱ ᵷᶅḇḁ᷄ᶍ∟ ᶱ ᶆᵬ

ᶝᵸᴳ᷈Ḧḻḑ᷅ḳᴻḟᶱ᷂ḭᴻᶊ ᵸᶪᶇᴲsubmit()  ḩḅḋḑᶎᶹḡḻḐᴴᶿ

ḞḀᶼ᷄Ḑᶱ ᵶᶝᵸᴳᵲᶍᶹḡḻḐᶎ 2 ᶃᶍ ᶆ ᶆᵬᶝᵸ  G

 

ᶝᵹᴲᶹḡḻḐᶆ wait()  ḩḅḋḑᶱ ᶊ ᶒ ᵸᵲᶇᶆᴲḣḁḐᶱ ᵶᶅ

ᶆᵬᶝᵸᴳᵲᶫᶊᶧᶩᴲḱḻḇᶹḨᶎᴲᶹḡḻḐᶱ ᵶᵾḇḁ᷄ᶍ ᵫ

ᵸᶪᶝᶆ ᵶᶅᵪᶨᴲḣḁḐḟḵ᷅ḱḨᶍ ᶱ ᵶᶝᵸᴳ  
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ᶹḡḻḐᶱ ᶊ ᵸᶪᵲᶇᶎᶷḟḲ᷆ᴻ᷿ḯḻᶍḏḘḋ᷅ᶊ ᶊ ᶀᶝ

ᵸᵫ wƎait()  ᶎḣḁḐḁḴḋḑ ᶍᵸᶘᶅᶍ ᶱ ᵸᶪᵾᶠᴲḇḁ᷄ᶍ

ᶱ ᶊ ᵸᶪּס ᵫᵡᶩᶝᵸᴳ ᶊᴲ᷂ḭᴻᴴᶿḞḀᶼ᷄Ḑᶆ 

wait()  ᶱ ᶒ ᵸᵲᶇᶡᶆᵬᶝᵸᴳᵲᶫᶊᶧᶩᴲ᷂ḭᴻᶊ ᵴᶫᵾᵸᶘᶅᶍḇ

ḁ᷄ᵫ ᵸᶪᶝᶆᴲḣḁḐ ᶍ ᵫḞḵḋ᷄ᵴᶫᶝᵸᴳ ᷂ḭᴻᶊ ᵴᶫᵾḇ

ḁ᷄ᶊᶧᶂᶅ ᵴᶫᶪᵸᶘᶅᶍᶹḡḻḐᶱ ᵶᶉᵣ ᴲᵲᶫᵫ ᶉḌᴻḳᶊ

ᶉᶩᶝᵸ  G

 

ᵲᵲᶆᴲᶹḡḻḐᵫ ᵴᶫ  ᶅ2 ᶍ ᶊᶃᵣᶅ ᵶᶝᵸᴳḗḻḑḱᴻ᷄ḱ

ḁᶊᶎ dƎepends_on()  ᶇᵣᵥḩḅḋḑᵫ ᶝᶫᶅᵣᶝᵸᴳᵲᶍḩḅḋḑᶎᴲ ╗

ᶍᶹḡḻḐᶝᵾᶎᶹḡḻḐᶍḡ᷄Ḑḳᶍᵣᵹᶫᵪᶱ ᵰ ᶫᴲ ᵴᶫᶪ᷈Ḧḻḑ᷅

ḳᴻḟᶆᴲ᷈Ḧḻḑ᷅ḳᴻḟ ᶍᶷ᷿᷄ḯḻᶱ ᵸᶪ ᶊ ᵴᶫᵾᶹḡḻḐᵫ

ᵸᶪ ᵫᵡᶪᵲᶇᶱḱḻḇᶹḨᶊ ᵶᶝᵸ  G3 - 11  ᶎᴲ

depends_on()  ᶱ ᵶᵾḇḁ ᶍ᷄ ᵰᶍ ᶱ ᵶᶅᵣᶝᵸ  G

 
#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 4;  

 

int  main () {  

queue  q;  

 

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

    h. parallel_for (N, [=]( id <1> i ) {   /*...*/   });  

  });  

  eA. wait ();  

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

h. parallel_for (N, [=]( id <1> i ) {   /*...*/   });  

  });  

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

h. depends_on (eB);  

h. parallel_for (N, [=]( id <1> i ) {   /*...*/   });  

  });  

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

h. depends_on ({eB, eC});  

h. parallel_for (N, [=]( id <1> i ) {   /*...*/   });  

 });  

 

 return  0;  

}  

 
 
 
 
 
 
// ḇḁ  ᷄A 

 

 
 

// ḇḁ  ᷄B 

 
 

// ḇḁ  ᷄C 

 

 

// ḇḁ  ᷄D 

 
 3 - 11.  ᶹḡḻḐᶇ depends_on ᶱ  
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ᶷ᷄ḃ᷊ᴻᶇᶍ∆ ᶉ∟  

 

ḇḁ᷄ ᶍ∆ ᶉ∟ ᶎᴲḏᴻḇᶍ∟ ᵪᶨ ᵷᶝᵸḇGḁ᷄ ᶍḏᴻ

ḇ∟ ᶊᶎᴲ  3 -12  ᶊ  н3 ᶃᶍ ᵫᵡᶩᶝᵸ  G

 

∟ ḇᶹḟ  

ᵬ ᶞ ᶍ ᶞ  ɭ  

(RAW)  

ḇḁ  ᷄B  ᵫḇḁ  ᷄A ᶊᶧᶂᶅ ᵴᶫᵾḏᴻḇᶱ

ᶞ ᶪ ᵫᵡᶪᶇᵬᶊ ᵶᶝᵸG  

ᶞ ᶩ ᶍ ᵬ  ð  

(WAR)  

ḇḁ  ᷄A ᶊᶧᶂᶅ ᶞ ᶨᶫᵾḏᴻḇᶱḇḁ  ᷄B  

ᵫ ᵬᵸᶪᶇᵬᶊ ᵶᶝᵸG  

ᵬ ᶞ ᶍ ᵬ ᶞ 

 (WAW)  

ḇḁ  ᷄B  ᵫḇḁ  ᷄A ᶊᶧᶂᶅ ᵬ ᶝᶫᵾḏᴻḇ

ᶱ ᵬᵸᶪᶇᵬᶊ ᵶᶝᵸG  

 
 3 - 12.  ḏᴻḇ∟ ᶍ 3 ᶃᶍ  

 

ḏᴻḇᶍ∟ ᶎᴲᶷ᷄ḃ᷊ᴻᶇḟḵ᷅ḱḨ ᶇᵣᵥ 2 ᶃᶍ ᶆḱḻḇᶹ

Ḩᶊ ᵴᶫᶝᵸᴳḱḻḇᶹḨᵫḏᴻḇᶍ∟ ᶱ ᶊ ᵸᶪᶊᶎᴲ ᶱ

ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶱ  Ǝ3 - 13  ᶇ 3 - 14  ᶊ ᵶᶝᵸ  G
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#include  <array>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 

int  main () {  

 std ::array< int , N> a, b, c;  

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

   a[i] = b[i] = c[i] = 0;  

 }  

 

 queue  q;  

 

 // ᵲᶍ ᶱ ᵸᶪטּ ᶊᶃᵣᶅᶎ ᶆ ᵶᶝ  н  

 buffer  a_buf{a};  

 buffer  b_buf{b};  

 buffer  c_buf{c};  

 

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

    accessor  a( a_buf , h, read_only );  

   accessor  b( b_buf , h, write_only );  

   h. parallel_for (   // computeB  

  N, [=]( id <1> i ) { b[i] = a[i] + 1; });  

});  

 

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

 accessor  a( a_buf , h, read_only );  

 h. parallel_for (     // readA  

 N, [=]( id <1> i ) {  

  // ᶇᵶᶅᶍᶞ   

  int   data = a[i];  

 });  

 });  

 

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

   // Ḙḋḝᶶ  ᴻ B ᶍ RAW 

   accessor  b( b_buf , h, read_only );  

   accessor  c( c_buf , h, write_only );  

   h. parallel_for (   // computeC  

  N, [=]( id <1> i ) { c[i] = b[i] + 2; });  

 });  

 

 // ḣḁḐᶆ C ᶱ ᶞ  ɭ

 host_accessor  host_acc_c (c_buf, read_only);  

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

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

 }  

 std ::cout << " \ n" ;  

 return  0;  

}  

 
 3 - 13.  ᵬ ᶞ ᶍ ᶞ  ɭ(RAW)  
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 3 - 14.  RAW ḇḁ᷄᷅ḱḝ 

 

 3 -13  ᶇ 3 -14  ᶆᶎ 3Ǝ ᶃᶍ᷀ᴻḕḳ (computeB rƎeadA cƎomputeC ) 

ᶱ ᵶᴲ ᶱḣḁḐᶆוֹ ᶞ ᵶᶅᵣᶝᵸᴳ᷀ᴻḕḳ computeB  ᶍ᷈Ḧḻ

ḑ᷅ḳᴻḟᶎ 2Ǝ ᶃᶍᶷ᷄ḃ᷊  ᴻa ᶇ b ᶱ ᵶᶝᵸᴳᵲᶫᶨᶍᶷ᷄ḃ᷊ᴻᶎᴲḏ

ḝᶾḳḐᶍᶷ᷄ḃḁḪᴻḑ access_mode::read_write  ᶱ ᵶᶉᵣᶧᵥᶊ

ᵸᶪᵾᶠᴲᶷ᷄ḃḁḇ ᷅read_onlyטּ ᶇwrite_only  ᶱ ᵶᶝᵸᴳᶷ᷄ḃ

ḁḇ᷅ᶊᶃᵣᶅᶎᴲ  7 ᶆ ᵶᵮ ᵶᶝᵸᴳ᷀ᴻḕḳ computeB  ᶎḘḋḝᶶ

ᴻ a_buf  ᶱ ᶞ ᶩᴲḘḋḝᶶ ᴻb_buf  ᶊ ᵬ ᶞᶝᵸᴳ᷀ᴻḕḳᵫ ᶱ

ᵸᶪ ᶊᴲḘḋḝᶶ ᴻa_buf  ᶱḣḁḐᵪᶨḏḘᶹḁᶊ᷈Ḝᴻᵸᶪ ᵫᵡᶩᶝ

ᵸ  G

 

᷀ᴻḕḳ readA  ᶎᴲḘḋḝᶶ  ᴻa_buf  ᶍ ᶞ ᶩ ᶷ᷄ḃ᷊ᴻᶡ ᵶᶝ

ᵸᴳ᷀ᴻḕḳ readA  ᶎᴲ᷀ᴻḕḳ computeB  ᶍ ᶊ ᵴᶫᶪᵾᶠᴲ ᶞ ᶩ

ᶍ ᶞ  ɭ(RAR) ᷿ḒḲᶿᵫ ᵴᶫᶝᵸᴳᵾᵿᵶRƎAR ᶎḱḻḇᶹḨᶊ

ᶱ ᵴᶉᵣᵾᶠᴲ᷀ᴻḕḳᶎ ≥ᶍ ᶆ ᶊ ᶆᵬᶝᵸᴳ ᴲḱḻḇᶹ

Ḩᶎ᷀ᴻḕḳ readA  ᶱ᷀ᴻḕḳ computeB  ᶍ ᶊ ᵸᶪ ᵫᵡᶩᴲᵡᶪᵣ

ᶎ ᶱ ᶊ ᵸᶪᵲᶇᶡᵡᶪᵪᶡᵶᶫᶝᵺᶲᴳᶈᶀᶨᶡḘḋḝᶶᴻ a_buf  

ᶱḏḘᶹḁᶊ᷈Ḝᴻᵸᶪ ᵫᵡᶩᶝᵸᵫᴲ᷀ᴻḕḳ computeB  ᶆᶎᴲ ᶍ

ᵫ computeB  ᶊᶧᶂᶅ ᵬᵴᶫᵹᴲ ᶍ᷀ᴻḕḳᶆ ᵴᶫᶪּס ᵫᵡᶪ

ᶊ ᵧᶅᴲḘḋḝᶶ ᴻb_buf  ᶡ᷈Ḝᴻᵸᶪ ᵫᵡᶩᶝᵸ G 
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ᵲᶫᶎᴲḘḋḝᶶ ᴻb_buf  ᶍḏᴻḇ ᵫ ᶮᶫᶅᵣᶪ ᶊḱḻḇᶹḨᵫ᷀ᴻḕ

ḳ readA ᶱ ᶆᵬᶪᵲᶇᶱ≥ ᵶᴲᶝᵾᴲ᷀ᴻḕḳᵫḘḋḝᶶᴻᶊ ᵬ ᶟᵿ

ᵰᶍ ᶆᶡᴲḘḋḝᶶᴻ ᶍᵸᶘᶅᶍ ᵫ᷀ᴻḕḳᶊᶧᶂᶅ ᵬ ᶝᶫᶪ

ᵫᶉᵣᵾᶠᴲḘḋḝᶶᴻᶍ ᶍ ᵫḏḘᶹḁᶊ┌ ᵴᶫᶪּס ᵫᵡᶪᵲᶇᶱ

ᵶᶅᵣᶝ  н(ᵲᶍᶧᵥᶉ ᶊ סᶱּטּ ᶊᵸᶪḇ᷅ᶊᶃᵣᶅᶎ  Ǝ7 ᶱ

ᵶᶅᵮᵿᵴ )r  G

 

᷀ᴻḕḳ computeC ᶎᴲ᷀ᴻḕḳ computeB  ᶆ ᵴᶫᵾḘḋḝᶶ  ᴻb_buf  

ᶱ ᶞ ᶩᶝᵸᴳ᷀ᴻḕḳ computeB  ᶱ ᵶᵾ ᶊ᷀ᴻḕḳ computeC  ᶱ

ᵶᵾᵾᶠᴲ᷀ᴻḕḳ computeC ᶎḘḋḝᶶ  ᴻb_buf  ᶊ ᵶᶅ RAW ḏᴻḇ∟

ᶱ ᶀᶝᵸ RGAW ∟ ᶎᴲ ᵶᵣ ᶱוֹ ᵸᶪᶊᶎḏᴻḇᵫ 1 ᶃ

ᶍ ᵪᶨ ᶍ ᶊ ᶫᶪ ᵫᵡᶪᵾᶠᴲ ᶍ∟ ᶝᵾᶎḝḵᴻ∟

ᶇᶡ ᶏᶫᶝᵸ  G ᶊᴲ᷀ᴻḕḳᵫ ᵶᵾ ᶊḣḁḐᵫ C ᶱ ᶞ ᶪ

ᵫᵡᶪᵾᶠᴲ᷀ᴻḕḳ computeC  ᶇḣḁḐ ᶍḘḋḝᶶ  ᴻc_buf  ᶊ ᵸ  ᶅ

RAW ∟ ᶡ ᵶᶝᵸᴳᵲᶫᶊᶧᶩᴲḱḻḇᶹḨᶎḘḋḝᶶᴻ c_buf  ᶱḣḁ

Ḑᶊ ᵸᵾᶠᶊ᷈Ḝᴻᶱ ᵴᶫᶝᵸᴳḏḘᶹḁᶍḘḋḝᶶᴻ a_buf  ᶗᶍ ᵬ

ᶞᶎ ᵶᶉᵪᶂᵾᵾᶠᴲḣḁḐᶊᶎᵸᶆᶊ ᶍ᷈ḜᴻᵫᵡᶩᴲḱḻḇᶹḨᶎᵼ

ᶍḘḋḝᶶᴻᶱḣḁḐᶊ᷈Ḝᴻᵸᶪ ᶎᵡᶩᶝᵺᶲᴳ 
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#include  <array>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 

int  main () {  

 std ::array< int ,N> a, b;  

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

    a[i] = b[i] = 0;  

 }  

 

queue  q;  

 buffer  a_buf{a};  

 buffer  b_buf{b};  

 

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

   accessor  a( a_buf , h, read_only );  

  accessor  b( b_buf , h, write_only );  

  h. parallel_for (     // computeB  

      N, [=]( id <1> i ) { b[i] = a[i] + 1; });  

 });  

 

q. submit ([&]( handler  &h) { // Ḙḋḝᶶ  ᴻ A ᶍ WAR 

   accessor  a( a_buf , h, write_only );  

   h. parallel_for (    // rewriteA  

      N, [=]( id <1> i ) { a[i] = 21 + 21; });  

 });  

 

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

   // Ḙḋḝᶶ  ᴻ B ᶍ WAW 

  accessor  b( b_buf , h, write_only );  

  h. parallel_for (     // rewriteB  

      N, [=]( id <1> i ) { b[i] = 30 + 12; });  

 });  

 

 host_accessor  host_acc_a (a_buf, read_only);  

 host_accessor  host_acc_b (b_buf, read_only);  

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

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

   << " " ;  

 }  

 std ::cout << " \ n" ;  

 return  0;  

}  

 
 3 - 15.  ᶞ ᶩ ᶍ ᵬ  ð(WAR) ᶇ ᵬ ᶞ ᶍ ᵬ  ð(WAW)  
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 3 - 16.  WAR ᶇ WAW ḇḁ᷄᷅ḱḝ 

 

 3 -15  ᶇ 3 -16  ᶆᶎ cƎomputeB rƎewriteA rƎewriteB  ᶍ 3 ᶃᶍ᷀ᴻḕ

ḳᶱ ᵶᶅᵣᶝᵸᴳ᷀ᴻḕḳ computeB  ᶎ ᶒḘḋḝ  ᴻa_buf  ᶱ ᶞ

ᶂᶅḘḋḝᶶ  ᴻb_buf  ᶊ ᵬ ᶞᴲ᷀ᴻḕḳ rewriteA  ᶎḘḋḝᶶ  ᴻa_buf  ᶊ

ᵬ ᶞᴲ᷀ᴻḕḳ rewriteB  ᶎḘḋḝᶶ  ᴻb_buf  ᶊ ᵬ ᶞᶝᵸᴳ᷀ᴻḕḳᶍ

ᵫ ᵥ ᶊ ᵸᶪ ᵫᵡᶪḏᴻḇᶎ ᵪᶆᵡᶪᵾᶠᴲ ᶊᶎ᷀ᴻḕ

ḳ rewriteA  ᶎ᷀ᴻḕḳ computeB  ᶧᶩᶡ ᵮ ᶆᵬᶝᵸᵫᴲḘḋḝᶶᴻ 

a_buf  ᶊ ᵸ  ᶅWAR ∟ ᵫᵡᶪᵾᶠᴲ᷀ᴻḕḳ computeB  ᵫ ᵸᶪᶝ

ᶆ ᵸᶪ ᵫᵡᶩᶝᵸ  G 

 

ᵲᶍ ᶆᶎᴲ᷀ᴻḕḳ computeB  ᶎḣḁḐᵪᶨᶍ A ᶍ ᶍ ᶱ ᶇᵶᶝᵸᵫᴲ

᷀ᴻḕḳ computeB  ᶍ ᶊ᷀ᴻḕḳ rewriteA  ᶱ ᵸᶪᶇ ᶂᵾ ᵫ ᶞ

ᶨᶫᶝᵸ WGAR ∟ ᶎᶷḻḉ∟ ᶇᶡ ᶏᶫᶝᵸRGAW ∟ ᶎḏ

ᴻḇᵫ ᵶᵣ ᶊ ᶊ ᶫᶪᵲᶇᶱ ᵶWƎAR ∟ ᶎ ᶍ ᵫ

ᶞ ᶨᶫᶪ ᶊ ᵬᵴᶫᶉᵣᵲᶇᶱ ᵶᶝᵸᴳ᷀ᴻḕḳᶍ ᵬ ᵧ ᶆ

ᶨᶫ  ᶅWAW ᶍḘḋḝᶶ  ᴻb_buf  ᶗᶍ∟ ᶡ ᶆᵸ  G᷀ᴻḕḳ computeB  

ᶇ rewriteB  ᶍ ᶊḘḋḝᶶ  ᴻb_buf  ᶍ ᶞ ᶩᵫ ᵴᶫᵾ ᴲḇḁ᷄ᶱ

ᶊ ᵰ  ᶅRAW ᵩᶧᶒ WAR ∟ ᵫ ᵶᶝᵸᴳᵾᵿᵶᴲᵲᶍ ᶆ

ᶎ ᶊḏᴻḇᶱḣḁḐᶊ ᵬ ᵸ ᵫᵡᶪᵾᶠᴲ᷀ᴻḕḳ rewriteB  ᶇḣ

ḁḐᶍ ᶊᶎ∆ ᶉ∟ ᵫ ᵶᶝᵸᴳᵲᶍ ᵬ ᵶᶍ ╣ᶊᶃᵣᶅᶎ  Ǝ

7 ᶆ ᵶᵮ ᵶᶝᵸWGAW ∟  ( ∟ ᶇᶡ ᶏᶫᶝ )н ᶊᶧ

ᶩᴲḣḁḐ ᶍ ᵫ ᵶᵣᵲᶇᵫ ᵴᶫᶝᵸᴳ 
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ḏᴻḇ ᶍ   
 

ᶷḟḲ᷆ᴻ᷿ḯḻᶊ ᵶᵾḏᴻḇ ᶍ ᶎᴲ ᶊ ᶍ ᶞᶊᶧᶂᶅ

ᶝᶩᶝᵸ  G ᴲ ᶎ 1 ᶃᶍ ᵪᶨ ᶠᶅᴲḟḵ᷅ḱḨᵫ ᵸᶪᶊᶃᶫᶅ

ᶍ ᶊ ᶩ ᵧᶪᵲᶇᶡᵡᶩᶝᵸᴳᵾᵿᵶᴲḓᴻḂᶊ ᶂᵾ ᶱ ᵸᶪᶍ

ᶊ ᶃ᷁ᶹḑḱᶹḻᵫᵣᵮᶃᵪᵡᶩᶝᵸᴳ 

 

ᶊ ᵸᶘᵬᵲᶇᶎᴲ ᶉḏᴻḇ┌ ᶱ ᵸᶪᵪᴲ∆ ᶉḏᴻḇ

┌ ᶱ ᵸᶪᵪᶇᵣᵥᵲᶇᶆᵸᴳᵲᶫᶎᴲḟḵ᷅ḱḨᶊ ᶉ ᶊ ᵬᵮ☼

ᵸᶪᵪᶨᶆᵸᴳ∆ ᶉḏᴻḇ┌ ᶎᴲᵸᶘᶅᶍḏᴻḇ┌ ᵫ ᶊ ᵴᶫᴲ

ᶎ ᶍ ᶊ ᶆᵬᶪᵾᶠᴲ╗ ᶊ ᶠᶪᶍᵫ ᶆᵸ G 

 

ᵪᶨᵸᶘᶅᶍḏᴻḇ┌ ᶱ ᶊ ᵶᵾᵣ UƎSM ḏḘᶹḁ ᶩ

ᶅᶱ ᶉḏᴻḇ┌ ᵫ ᵶᶅᵣᶝᵸᴳḣḁḐᶇḏḘᶹḁ ᶊ ᶉ᷈Ḝ

ᴻᶱᵸᶘᶅ ᵸᶪᵿᵰᶆᵸנּ  G

 

∆ ᶉḏᴻḇ┌ ᶱ ᵸᶪ ᶆᶡᴲḘḋḝᶶᴻᶱ ᵸᶪᵪᴲUSM ḣḁ

Ḑᶝᵾᶎ ḥᶹḻḇᴻᶱ ᵸᶪᵪ ᶆᵬᶝᵸᴳ ᶩ ᵶᶊᶉᶩᶝᵸᵫᴲᵲᶍ

ᶎ ᶍ ᶞᶍ ᶆᵸᵫᴲᶈᶀᶨᵪᶱ ᵸᶪ ᶊ ᶃ ᵫᵣᵮᶃᵪ

ᵡᶩᶝᵸᴳḥᶹḻḇᴻᶱ ᵸᶪ ᶍ C/C++ ḟḵ᷅ḱḨᶱ┌ ᵸᶪ ᴲ᷈

ᴻḑᶱᶚᶇᶲᶈ ᵸᶪ ᵫᶉᵣᵾᶠUƎSM ᵫ ᵶᶅᵣᶪᵪᶡᵶᶫᶝᵺᶲᴳḏ

ᴻḇ ᶍ ∞ᵫ ᶝᶨᶉᵣ ᴲ᷀ᴻḕḳ ᶍ∟ ᶱᶈᶍᶧᵥᶊ

ᵸᶪᵪᶇᵣᵥ ᶍ ᵫᵡᶩᶝᵸ  G᷀ᴻḕḳ ᶆᶍḏᴻḇ∟ ᶱ ᵸᶪ

ᶎ ḘƎḋḝᶶᴻᶱ ᵶᶅᵮᵿᵴᵣᴳ∟ ᶱᴲᵡᶪ ᶱ ᶍ ᶍ ᶊ

ᵸᶪᶡᶍᶇᵶᶅ ᵧᴲᵼᶫᶱʋḻᶿᴻḈᴻᴴ᷂ḭᴻᶝᵾᶎ ᶉᶹḡḻḐᶱ

ᵶᶅ ᵶᵾᶩƎ᷀ᴻḕḳ ᶆ ᵸᶪ ᶎ USM ᶱ ᵶᶝᵸ  G 

 

USM ḥᶹḻḇ  ᴻ( ᶝᵾᶎ∆ ᶉḏᴻḇ┌ ᶍᶈᶀᶨ )χ ᶱ ᵸᶪ

ᴲ ᵸᶪ᷂ḭᴻᶍḇᶹḟᶱ ᶆᵬᶝᵸᴳᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶎ᷿ḻḟḳᶆ

ᶆᵸᵫᴲ ᶱ ᵶᴲḙḝᶾᴻḦḻḁᶱ סᵴᵺᶪּזּ ᵫᵡᶩᶝ

ᵸᴳᶷᶻḐᶿḞᶿᴻḈᴻᴴ᷂ḭᴻᶎᶧᶩ ᶆᵸᵫᴲ ᶱ ᵶᵾᶩᴲ ᶱ

ᵴᵺᵾᶩᵸᶪᵾᶠᶍ ᵫḱḻḇᶹḨᶊ ᵧᶨᶫᶝᵸᴳ  
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ḟḵ᷅ḱḨᶊ᷀ᴻḕḳ ᶍ ᶉ∟ ᵫᵡᶪ ᴲᶷᶻḐᶿḞᶿᴻḈᴻᴴ᷂ḭ

ᴻᴴ᷄ḱḁᵫ ᶉ ᶇᶉᶩᶝᵸᴳḟḵ᷅ḱḨᵫ ᶊ ᶍ᷀ᴻḕḳᶱ ·ᶊ

ᵸᶪ ᴲᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶍ ᵫ ᵶᶅᵣᶝᵸᴳ 

 

 

ḗḻḑḱᴻ᷄ḱḁ: ḩḻḘ  ᴻ
 

ḗḻḑḱᴻ᷄ḱḁᶱ ᵸᶪᵴᶝᵵᶝᶉ ᶱ ᵶᶝᵶᵾ  G3 - 17  ᶇ 3 -18  ᶆ

ᶎᴲᵲᶍ ᶉ᷄ḱḁᶍ ḩḻḘᴻᶊᶃᵣᶅᵴᶨᶊ ᵶᵮ ᵶᶝᵸᴳᵲᶫᶨᶍ

ḩḻḘᴻᶎᶝᵿᵸᶘᶅ ᵶᶅᵣᶝᵺᶲᵫᴲ ᶍ ᶆ ᵶᶝᵸᴳᵲᵲᶡᴲᵼ

ᶫᶨᶱ ᵸᶪᶍᶊ ᵶᵾ ᶆᵸ  G

 

ᶊ ᵸᶪ᷄ḱḁᶆᵡᶪ᷂ḭᴻ᷄ḱḁᶊᶃᵣᶅᶡ  Ǝ2 ᶍ ᶆ ᵴᶫ

ᶅᵣᶝᵸ  G
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class  handler  {  

 ...  

// ᵲᶍ᷈Ḧḻḑ ᷅ḳᴻḟᶆ ᵴᶫᵾᶷ᷿᷄ḯḻᵫ ᵴᶫᶪ ᶊ  

//  ᵸᶪ ᵫᵡᶪᶹḡḻḐᶱ  

 void  depends_on ({ event  / std :: vector <event > & });  

 

 // Src ᵪ  ʝ Dest ᶊ memcpy ᶱᶽḻ᷂ḭ  ᴻ    

// Count ḘᶹḐᵫ᷈Ḝᴻᵴᶫᶝ  н

 void  memcpy( void*  Dest , const  void*  Src , size_t  Count );  

 

 // Src ᵪ  ʝ Dest ᶊ memcpy ᶱᶽḻ᷂ḭ  ᴻ   

// Count ᵫ᷈Ḝᴻᵴᶫᶝ  н

 template  <typename  T> 

 void  copy ( const  T*  Src , T*  Dest , size_t  Count );  

 

// ᵴᶫᵾḥᶹḻḇᴻᶊ ᵶᶅ memset ᶱᶽḻ᷂ḭ  ᴻ   

// Value ᶍ ᶍḘᶹḐ  ɵ Count ḘᶹḐᶊ ᵬ ᶞᶝ  н

void  memset( void*  Ptr , int  Value , size_t  Count )  

 

// ᵴᶫᵾḥᶹḻḇᴻᶊ ᵶᶅ fill ᶱᶽḻ᷂ḭ  ᴻ

// ḙḇᴻḻ  ɵ Ptr ᶊ Count  

template  <typename  T> 

void  fill ( void*  Ptr , const  T& Pattern , size_t  Count );  

 

 

// ᶍᵾᶠᶊ 1 ᶃᶍḷᴻ᷄ ᶍ᷀ᴻḕḳᶱ  

template  <typename  KernelName , typename  KernelType >  

void  single_task ( KernelType  KernelFunc );  

 

// NumWork ᶍḷᴻ᷄ ᶱ ᶟ᷀ᴻḕḳ 

// ᶱ ᵸᶪᵾᶠ  

template  <typename  KernelName , typename  KernelType ,  

          int  Dims> 

void  parallel_for ( range <Dims> NumWork -  items ,  

                KernelType  KernelFunc );  

 

// ᵴᶫᵾ nd_range ᶊᶮᵾᶂᶅ  

// ᵸᶪᵾᶠᶊ᷀ᴻḕḳᶱ  

template  <typename  KernelName , typename  KernelType ,  

 int  Dims> 

void  parallel_for ( nd_range <Dims> ExecutionRange ,  

                    KernelType  KernelFunc );  

 ...  

};  

 
 3 - 17.  ḗḻḑḱᴻ᷄ḱḁᶍ ᶷ᷄ḃ᷊ᴻḩḻḘᴻᶍ ᵴᶫᵾטּ  
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class  handler  {  

 ...  

// ᶷ᷄ḃ᷊ᴻᶇᶍ ᵸᶪ ᶊ 
// ᵸᶪ ᵫᵡᶪᶹḡḻḐᶱ ᶷ᷄ḃ᷊ᴻᶗᶍ᷈Ḝᴻᴲ 

// ᶝᵾᶎᶷ᷄ḃ᷊ᴻᵪᶨᶍ᷈Ḝᴻᴳ ᶉ ᶞ ᶮᵺ:  

// Src: ᶷ᷄ḃ᷊ᴻ DƎest: shared_ptr   

// Src: ᶷ᷄ḃ᷊ᴻ DƎest: ḥᶹḻḇ  ᴻ

// Src: shared_ptr DƎest: ᶷ᷄ḃ᷊  ᴻ

// Src: ḥᶹḻḇᴻ DƎest: ᶷ᷄ḃ᷊  ᴻ

// Src: ᶷ᷄ḃ᷊ᴻ DƎest: ᶷ᷄ḃ᷊  ᴻ
template  <typename  T_Src , typename  T_Dst , int  Dims,  
           access :: mode AccessMode ,  

  access :: target  AccessTarget ,  
  access ::placeholder IsPlaceholder =  

access::placeholder::false_t> :: placeholder :: false_t >  
void  copy ( accessor <T_Src , Dims , AccessMode ,  

 AccessTarget , IsPlaceholder > Src ,  
 shared_ptr_class <T_Dst > Dst );  

 void  copy ( shared_ptr_class <T_Src > Src ,  
   accessor <T_Dst , Dims , AccessMode , AccessTarget ,  
            IsPlaceholder > 

        Dst );  
 void  copy ( accessor <T_Src , Dims , AccessMode , AccessTarget ,  
                    IsPlaceholder > Src ,  

           T_Dst  * Dst );  

 void  copy ( const  T_Src  * Src ,  
   accessor <T_Dst , Dims , AccessMode , AccessTarget ,  
            IsPlaceholder > Dst );  

 template  <typename  T_Src , int  Dims_Src ,  
            access :: mode AccessMode_Src ,  

   access :: target  AccessTarget_Src , typename  T_Dst ,  
   int  Dims_Dst ,  
   access :: mode AccessMode_Dst ,  
   access :: target  AccessTarget_Dst ,  
   access ::placeholder IsPlaceholder_Src =  

access::placeholder :: false_t ,  
access ::placeholder IsPlaceholder_Dst =  
   access :: placeholder :: false_t > 

 void  copy ( accessor <T_Src , Dims_Src , AccessMode_Src ,  
   AccessTarget_Src , IsPlaceholder_Src > Src ,  

   accessor <T_Dst , Dims_Dst , AccessMode_Dst ,  
   AccessTarget_Dst , IsPlaceholder_Dst > Dst );  
 

 //  ᵲᶍᶷ᷿᷄ḯḻᶍ ᴲᶷ᷄ḃ᷊ᴻᶊᶧᶂᶅᶷ᷄ḃḁᵴᶫᵾ 

 //  ḩḪḲᴻᴴᶿḞḀᶼ᷄ḐᵫḣḁḐ ᶆ ᵴᶫᶪᵲᶇ  ɵ
 template  <typename  T, int  Dims , access :: mode AccessMode ,  

   access :: target  AccessTarget ,  
   access ::placeholder IsPlaceholder =  

access::placeholder::false_t>  
void  update_host ( accessor <T, Dims, AccessMode ,  

   ccessTarget , IsPlaceholder > Acc );  
...  

};  

 
 3 - 18.  ḗḻḑḱᴻ᷄ḱḁᶍᶷ᷄ḃ᷊ᴻḩḻḘᴻᶍ ᵴᶫᵾטּ  

 
 

 



 

 

 

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲḏᴻḇ ᶍ ᶊ ᵸᶪḩ᷀ḓḂḨᶇᴲḏᴻḇᶍ ᶱ ᵸᶪ

ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳᶷ᷄ḃḱḴᴻḇᴻᴴḏḘᶹḁᶱ ᵸᶪ ᴲᵴᶝᵵᶝ

ᶉḩḪḲᴻᶗᶍᶷ᷄ḃḁᶱ ᵸᶪᵲᶇᵫ ᶉ ᶆᵡᶩᴲḓᴻḂᶊ ᶮᵺᶅ

ᵴᶝᵵᶝᶉᶿḟ᷿ḯḻᵫᵡᶩᶝᵸᴳ 

 

ḏᴻḇ ᶊ ᵸᶪּס ᶍᵡᶪ ·ᶉ∟ ᶍ ᶱ ᵶᴲᵲᶫᶨ

ᶍ∟ ᶊ ᵸᶪ ᶱ᷂ḭᴻᶊ ᵶᶅḇḁ᷄ᶱ ᶊ ᵰᶪ ᶱ

ᵶᶝᵶᵾ  G

 

ᵲᶍ ᶆᶎᴲ ḩḪḲᴻᶇḘḋḝᶶᴻᶍ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ

USM ᶍᵸᶘᶅᶍḪᴻḑᶇ ᶊᶃᵣᶅᶎᴲ  6 ᶆᵴᶨᶊ ᵶᵮ ᵶᶝᵸᴳ

 7 ᶆᶎᴲḘḋḝᶶᴻᶍ ᶇ ᶱ ᵸᶪᵴᶝᵵᶝᶉ ᶱ ᶠᴲḘḋḝ

ᶶᴻᶊᶃᵣᶅᵴᶨᶊ ᵶᵮ ᵶᶝᵸ  G8 ᶆᶎᴲ᷀ᴻḕḳᶍ ᶇḏᴻḇ┌

ᶍ ᶱ ᵸᶪ᷂ḭᴻᶍḁ᷆Ḁḭᴻḳ Hḩ᷀ḓḂḨᶊᶃᵣᶅ ᵶᶝᵸ G

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ
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ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ
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 4  ᶍ  
 

 

ḏḘᶹḁ ᶊ᷈ᴻḑ (  2 ) ᶇḏᴻḇ (  3 ) ᶱ ᵸᶪ ᶎᵸᶆᶊᶮᵪ

ᶂᶅᵣᶝᵸᴳᵡᶇᶎᴲᵼᶫᶊ ᵶᶅᶈᵥ ᵸᶪᵪ ᶠᶪ ᶊ ᶩ ᶟᵿᵰᶆᵸᴳ

ᵼᶍᵾᶠᶊᴲᵲᶫᶝᶆ ᵶᵾᶩƎ ᵮ ᶫᵾᵿᵰᶆᵡᶂᵾ ᶱᵣᵮᶃᵪ ᵶᶅ

ᵣᵬᶝᵸᴳᵲᶍ ᶆᶎᴲ ᶉ ᵪᶨ ᶍ ᷈ᴻḑᶗᶍ┌ ᶱ ᵶᴲᵲᶫᶝᶆ

ᶍ ᶆ ᶊ ᵶᵾ᷊ḻḟḳ᷈ᴻḑᶱ ᵶᵮ ᵶᶝᵸᴳ 

 

ᵶᵣ ᶆ ᶍḟḵ᷅ḱḨᶱ ᵮᵲᶇᶎᴲ ᶊ ḟḵ᷅ḱḧḻ᷅ᶊ

ᶫᶅᵣᶉᵣ ᴲ ᶉ ᶍᶧᵥᶊ ᵧᶪᵪᶡᵶᶫᶝᵺᶲᴳ ᶎᶷḟ

Ḳ᷆ᴻ᷿ḯḻ ᵰᶊ ᵪᶫᵾᶡᶍᶆᶎᶉᵮᴲ ᶊ ᵸᶪᵡᶪ ᶍ

ᶱ ᶇᵶᶅᵣᶪᵲᶇᵫ ᵮᴲ ᶍᶧᵥᶉ ᶊ ᵸᶪ ᵧᶎ ᶝᶫᶅᵣᶝᵺᶲ: 

 

 ɯ ᶱ ᵸᶪ ᵫ ᵡᶪᶍᶎᶉᵻᶆᵸ ?χ  

 

 ɯ ᶱ ᵸᶪᶊᶎᴲᶈᶍᶧᵥᶉ ᶱ ᵸᶫᶏᶧᵣᶆᵸ

ᵪ?  

 

 ɯ Ḫḏḳᶊᶃᵣᶅᴲ ᶊᶈᶫᵮᶨᵣ ᵶᶅᵩᵮ ᵫᵡᶩᶝ

ᵸᵪ?  

 

ᵲᶍ ᶆᶎᴲᵲᶫᶨᶍ ᶣᵼᶍ ᵣᵮᶃᵪᶍ ᶊ ᵧᶅᵣᵬᶝᵸᴳḏᴻḇ

᷀ᴻḕḳᶍ ᶱ ᵶᴲ ᶍ᷈ᴻḑ ᶱ ᵶᶅᵴᶝᵵᶝᶉ᷀ᴻḕḳ

ᶍ ᶇ ᶊᶃᵣᶅ ᵶᴲ᷀ᴻḕḳ Ḫḏḳᶍ ᶡ ᶉ ᶱ ᵶᶝᵸᴳ 

 

 

 

 

 

 

 

 

 

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_4  
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᷀ᴻḕḳ ᶍ  
 

᷀ᴻḕḳᶎᴲḏᴻḇᶍ ᶱ ᵸᶪ ᶉ ᶇᵶᶅ ᵶᶝᵶ

ᵾᴳ᷀ᴻḕḳḡᴻḁᶍᶷḟḵᴻḉᶍ ᶉ ᶎᴲᵴᶝᵵᶝᶉḏḘᶹḁ ᶆᶍ┌

ᶇḟḵ᷅ḱḦᴻᶍ ᵣ ᶆᵸ  Gᵼᶍᵾᶠᴲ᷀ᴻḕḳᶎ ᴲ ᶍḗ

ᴻḑᶻᶼᶷᴴḲḅᴻḁ (᷈ᶷᴲḗᴻḑᶻᶼᶷᴴḁḴḋḑᴲSIMD [single 

instruction, multiple data] ᶉᶈ) ᶣᴲᵼᶍ ᶊ ᶮᵺᶅḗᴻḑ᷈ᴻ

ḑᵴᶫᶅᵣᶝᵺᶲᴳ ᶮᶩᶊᴲ᷀ᴻḕḳᶎ ᶱ ᶉ ᶆ ᵶ  Ǝ

(ᶃᶝᶩᴲ᷈ḻḙᶹḱᴻᶇḱḻḇᶹḨᶍ ᶞ ᶮᵺ) ᵫ ᶍḇᴻ᷇ḋḐḏḘᶹḁᶆ

סּ ᶉḗᴻḑᶻᶼᶷᶍ ᶊḦḋḜḻ᷅ᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳᵲᶍḦḋḜḻ

᷅ᶎ ᶆᵸᵫᴲ ᵫ ᵪᶃḗᴻḑᶻᶼᶷᶍ ᶱ וֹ ᶊ ᶆ

ᵬᶪḦḋḜḻ᷅ᶱ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳ 

 

ḗᴻḑᶻᶼᶷᶊ∟ ᵶᶉᵣ ᶆ ᶍ ᶱ ᵸᶪᵲᶇᶆᴲᵴᶝᵵᶝ

ᶉḟḱḋḐḝᶾᴻḨᶍ ᶊ ᶮᵺᶅᶷḟḲ᷆ᴻ᷿ḯḻᶱḁ᷆ᴻḳᶷḋḟ (ᶝᵾᶎ

ḁ᷆ᴻḳḈᶻḻ) ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᵫᴲÂ 

ᶉ┌ ᶱ ᵸᶪᵲᶇᶎᴲ ᵣḙḝᶾᴻḦḻḁᶱ ᵸᶪᵲᶇᶇᶎ

│ᶉᶩᶝ !н 

᷊ḥᴻḐ ᶍḏḘᶹḁᶊᶎᵪᶉᶩᶍ ᵫᵡᶩᴲ│ᶉᶪᶷᴻ᷂Ḏ᷄ḉḫᴻᶎ

ᵼᶫᵽᶫ│ᶉᶪḮᴻḁ᷆ᴻḁ ᵰᶊ ᵩᶧᶒ ᵴᶫᶅᵣᶪᵲᶇᶱטּ ᵶᶅ

ᵩᵮ ᵫᵡᶩᶝᵸᴳ ᶍḏḘᶹḁᶆ ḴḡḳᶍḙḝᶾᴻḦḻḁɵ ᵶᶧᵥ

ᶇᵸᶪ ᴲ ᵶᶅᵣᶪḟḵ᷅ḱḧḻ᷅ ᶊ ᶉᵮᴲ ᶊ ᶊᶧᶪ

טּ ᵫ ᶊᶉᶪᵲᶇᶱ ᵸᶘᵬᶆᵸᴳᵲᶍᶧᵥᶉḏḘᶹḁ ᶍ ᶍטּ

ᶇᵶᶅᴲ ᶍ᷂ḫḋ᷿ḭ᷊ᶹḂ ᵰᶍḞḵḋּ᷄טᴲḁ᷆ḀḭᴻḳᶍᶿᴻḘᴻḠḋ

ḑᶱ ᵸᶪḷᴻ᷄ ᷊ᶹḂᶍ ᴲ ᶉ ᶝᵾᶎḗᴻḑᶻᶼᶷᴴḮḓḋḐ

ᶍ ᴲᵼᵶᶅ ᶡ ᶆᵡᶪ ᶉᶷḳ᷉ḲḂḨᶍ ᶉᶈᵫ ᵱᶨᶫᶝᵸᴳᵲ

ᶫᶨᶍ ᶍᵣᵮᶃᵪᶱᴲ  15 ᴲ  16 ᴲ  17 ᶆ ᶩ ᵱᶅᵣᶝᵸ  G
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ᶷḟḲ᷆ᴻ᷿ḯḻ ᶊḙḝᶾᴻḦḻḁᴲ┌ ᴲ ᶊ ᶉḘḱḻḁᶱ

ᶇᶪᵲᶇᶎᴲ ᵫ ᵸᶪ ᶆᵸᵫᴲ ᶆᵸᶘᶅᶱ ᵸᶪᵲᶇᶎᶆᵬᶝ

ᵺᶲᴳᵾᵿᵶSƎYCL ᶱ ᵶᵾ C++ ᶎᴲ ╗ᶍ ḟḵ᷅ḱḧḻ᷅ ᶱ

ᵶᶅᴲ ᶍᵡᶪ┌ סּ ᶉ᷈ᴻḑᶇ ᵴᶫᵾḇᴻ᷇ḋḐטּ ᶍ᷈ᴻḑᶍ

ᶍ┐ ᶊ ᶉᵸᶘᶅᶍḌᴻḳᶱ ᵸᶪᵲᶇᶱ ᵶᵾᵣᶇ ᵧᶅᵣᶝᵸᴳ

ᶩᶎᶞᶉᵴᶲᶍ ᶇᵶᶅ ᵶᶅᵩᵬᶝᵸ G

 

 

ḳᴻḟᶇ᷀ᴻḕḳ 
 

ḳᴻḟᶎ ᶊ᷿Ḳᶷḳᶉ ᶆᵸᴳᶃᶝᶩᴲḳᴻḟᶍ ᶎ ᶊ (ᶃ

ᶝᶩᴲ ᶊ) ᵴᶫᶝᵸᴳ ╗ḻḙᶹḱᴻᶎᴲḳᴻḟᶍ᷈טּ ᶝᵾᶎᵸᶘᶅ

ᶍ ᶱ ᶆᵬᶪᶇ ᵸᶪ ᵫᵡᶩᶝᵸᵫᴲᵼᶫᶎ ᶆᶉᵰᶫᶏ

ᵣᵰᶝᵺᶲᴳᶃᶝᶩᴲ᷈ḻḙᶹḱᴻᶍ טּ ᵫᵮᶉᵣᴲᶝᵾᶎ ᵫ

ᶊ↨ ᶆᵡᶪᵲᶇᶱ ᵸᶪ ᶉ ᵫᶉᵣ ᴲ ᶍᵾᶠḳᴻḟᶍ

ḃḦḻḎᶸ᷄ḁᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ  

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

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

}  

 
 4 - 1.  ḡ᷄Ḑḳּנ ᶱ᷿Ḳᶷḳḳᴻḟᶇᵶᶅ  

 

ᶉḡ᷄Ḑḳּנ ᶱ ᵸ  4 - 1 ᶍḳᴻḟᶱ ᵧᶅᶞᶝᵸᴳᵲᶍᶧᵥᶉ ᶉ

ᶆᶡᴲḳᴻḟᶱ ᶆᵬᶪᵲᶇᶱ ᵸᶪᶍᶎ ᶆᶎᵡᶩᶝᵺᶲᴳ

ᶎ cƎ  ᵫ a ᶝᵾᶎ b ᶇ ᵶᶉᵣ ᶊᶍᶞ↨ ᶆᵸᵫᴲᵲᶫᶎ╗ ᶊ

ᶍḉᶼḋ᷄ᶉᵶᶆᶎ ᶆᵬᶝᵺᶲᴳᵲᶫᶊ ᵸᶪᵾᶠᴲ ᶊᶎᴲ ᶱ

ᵸᶪטּ נּ  (ḥᶹḻḇᴻᵫ restrict  ᶇ ᵶᶉᵣᵲᶇᶱᶷ᷊ᴻḐᵸᶪᶉᶈ) 

ᶱ᷈ḻḙᶹḱᴻᶊ ᵶᵾᶩᴲ ᵸᶘᶅᶍ ᶱ ᶊᶿᴻḘᴻḱᶹḑᵸ  ᶅ(ḳᴻḟ

ᶍᵸᶘᶅᶍ ᵫ ᵶᶅᵣᶪᶇ ᵶᵾᶩᴲḳᴻḟᶱ Ḳḅᴻḁᶊḁ᷆Ḁḭᴻ

ḳᵸᶪ ᶱ ᶊ ᵸᶪᶉᶈ) ᵫ ᵴᶫᶅᵣᶝᵸנּ  G
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ḳᴻḟᶍ ᶉ≥ ᶎᴲ│ᶉᶪ ḟḵ᷅ḱḧḻ᷅ ᶣḱḻḇᶹḨᶊᶧ

ᶪ ᶍ ᶊᶧᶩᴲᶣᶣ ᶆᵸᵫᴲ╗ ᶉ ḳᴻḟ ᶍ ᵮᶎᴲ

ḳᴻḟᶊ ᵴᶫᶪ᷈ḻḙᶹḱᴻᶊᶧᶪ ᶱ ᵶᶝᵸᴳᵲᶍᶧᵥᶉḟḵ᷅

ḱḧḻ᷅ᴴḪḏḳᶱ ᵸᶪᶇᴲ ḳᴻḟᶱ ᵶᶅᴲᵼᶍ ᶊ│ᶉᶪ ᶱ↨

ᶊ ᵸᶪ ᶊ ᵸᶪ ᶱ ᶆᵬᶝᵸᴳᵲᶫᶨᶍḪḏḳᶎ ᶊ

ᶆᵡᶩᴲ ᶍ ᶍ᷈ḻḙᶹḱᴻᶍ ᶇטּ ᵴᶫᴲ ḟḵ᷅ḱḧḻ᷅ᶱ

ᶊ ᵶᶝᵸᵫᴲטּ ᶍ ᶆ ᶊᶃᵣᶅ ᵧᶪᵲᶇᶎ ᵹᵶᶡ

ᵴᶫᶪᶡᶍᶆᶎᵡᶩᶝᵺᶲ  G

 

᷀ᴻḕḳᶎḳᴻḟᶆᶎᶉᵮᴲ ᶎᵡᶩᶝᵺᶲᴳᶟᵶᶬᴲ᷀ᴻḕḳᶎ

╗ᶍ ᶱ ᵶᴲᵲᶫᶱ ᶹḻḁḇḻḁּטᵶᶅᴲ│ᶉᶪ ḏᴻḇᶊ ᶆ

ᵬᶝᵸᴳ᷀ᴻḕḳᵫ ᶊ ᵴᶫᶪᶇᴲᵼᶍ ᶍ ᶍᶹḻḁḇḻḁᵫ ᶊ

ᵴᶫᶪּס ᵫᵡᶩᶝᵸ  G

 
launch N kernel instances {  

int  id  = 

 get_instance_id ();     // [0, N) ᶍ╗≥ᶍ  

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

}  

 
 4 - 2.  ḳᴻḟᶱ ᷀ᴻḕḳᶇᵶᶅ ( ᷈ᴻḑᶆ) ᵬ  н

 

 4 -2  ᶎᴲ ᷈ᴻḑᶱ ᵶᶅ᷀ᴻḕḳᶊ ᵬ ᵶᵾḳᴻḟᶍ ᶱ ᵶᶅᵣ

ᶝᵸᴳᵲᶍ᷀ᴻḕḳᶊᵩᵰᶪ ᶍּס ᶎ ᵪᶃ ᶆᵸᴳ᷀ᴻḕḳ

ᶎ ≥ᶍ ᶍᶹḻḁḇḻḁᶊᶧᶂᶅ ᶊ סּ ᶆᵡᶩᴲ ᶹḻḁḇḻḁᶎ

ᵶᶅ ᶍḏᴻḇ ᶱ ᵶᶝᵸᴳᵲᶍ ᶱ᷀ᴻḕḳᶇᵶᶅ ᵸᶪᵲᶇᶆᴲ

ᵫ↨ ᶆᵡᶪᵲᶇ (ᵼᵶᶅ ᶊᶎ ᵴᶫᵲᶇ) ᶱ ᵶᶝᵸ  G
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᷀ᴻḕḳḡᴻḁᶍḟḵ᷅ḱḧḻ᷅ᶎᴲ ᶍ ᷈ᴻḑᶊ ᵶᶅ ᵪᶨ ᶱ

ᶞ ᶟ ᶆᶎᶉᵮᴲ ᶊ ᶉᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪ ᶆᵸᴳ 

ḳᴻḟᵪᶨ᷀ᴻḕḳᶗᶍ ᵧ ᶱ ᵮ┌ ᶆᵬᶫᶏSƎYCl ᶆ C++ 

ᶱ ᵶᵾ וֹ ᶉ ḟḵ᷅ḱḧḻ᷅ᵫ ⌐ᶊᶉᶩᶝᵸᴳ 

 

᷀ᴻḕḳ 
 

ᵮᶍ ᶊᶧᶪ ᶎ 1 ᶆᵡᶩᴲḷᴻ᷄ᶱ ꞌᵸ  ᶅ1 ᶍḗᴻḑᶻ

ᶼᶷᴴḲḅᴻḁ (ḗᴻḑᶻᶼᶷᴴḁḴḋḑ ᶉᶈ) ᶊ ḦḋḜḻ᷅ᵶᶝᵸSGYCL ᶍ

᷀ᴻḕḳᶎᵲᶫᶧᶩᶡ Ḵḡḳᶍ ᶆᵡᶩᴲᵼᶍ ᶎ᷈ᴻḑᵫ ᵶ

ᶧᵥᶇᵸᶪ  (1 2Ǝ ᴲᶝᵾᶎ 3 ) ᶱ ☿ᵶᶅᵣᶝᵸ  G

 

ᵾᵿᵶᴲ ᷀ᴻḕḳᶊᶧᶂᶅ ᵴᶫᶪ ᶹḻḏḋ᷄ḁᶎᴲḟḵ᷅ḱḦᴻ

ᶊᶇᶂᶅ ᶉ ᶆᵡᶩᴲ ᶇᶉᶪ╗ ᶍ ᶊ ᵴᶫᶪּס ᵫᵡ

ᶪᵲᶇᶱ ᶫᶅᶎᶉᶩᶝᵺᶲᴳᵲᶍḦḋḜḻ᷅ᶍ ᶱ ᵸᶪᵲᶇᶎᴲ ᶍ

ḩḪḲᴻᴴᶷ᷄ḃḁᴴḙḇᴻḻᶍ) טּ ᶉᶈ) ᶍ ᶉ ᶇᶉᶪᵲᶇᵫᵡᶩᶝ

ᵸ  G

 

ᶉ ᶍ 1 ᶃᶎᴲᶈᶍ ᵫ ᵶᶅᵣᶪᵪᴲᶝᵾᶎḮḓḋḐḁḐḱᶹ

ḑᶆᵡᶪ  χ(ᶃᶝᶩᴲ ᶍᶈᶍ∞ ᵫ 1 ᶆ ᵣᶊ ᵶᶅᵣᶪ

ᵪ) ᶪᵲᶇᶆᵸ SGYCL ᶊᵩᵰᶪ ᶊ ᵸᶪᵸᶘᶅᶍ ᶊᶎᴲ

ᵷ ᵫ ᵴᶫᶝᵸᴳ ᶊᶎ 0 ᵪ  ʝN- 1 ᶝᶆᶍ ᵴᶫᴲ  N- 1 ᶎ

ᵶᵾ ᶊ ꞌᵶᶝᵸᴳ ᵫḲḁḐᶇᵶᶅ ᵴᶫᶅᵣᶪ  (᷈ḻḁ

Ḑḱ᷄ḇᴻ ᶉᶈ)ᴲᶝᵾᶎ᷄ḱḁᵫ ᶍ ⱳ ᶱ᷊ḥᴻḐᵶᶅᵣᶪ ᴲᵲ

ᶍ ᵰᶎ ᵪᶨ█ᶊ ᵴᶫᶝ  н( ᶍ  0 ᵪᶨ )ᴳᵲᶍ ᶎᴲ

 C++ ᶊᵩᵰᶪ ᶍ ᶇ╗ ᵶᶅᵣᶝᵸ  G
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SYCL ᶱ ᵶᶅ 2 ᶱ ᶹḻḏḋ᷄ḁᶊḦḋḜḻ᷅ᵸᶪ ᶱ

 4 -3  ᶊ ᵶᶝᵸᴳᶡᶀᶬᶲᴲᵲᶍ ᵪᶨ╚ ᵶᶅᴲᶹḻḏḋ᷄ḁᶱ ᵸᶪטּ

ᶍ ᶱ ᵸᶪᵲᶇᶎᶆᵬᶝᵸᵫᴲ ᶊ ᵥ ᵫᵡᶩᶝᵸᴳSYCL 

ᵪᶨ╚ ᵸᶪᶇᴲḁḐḱᶹḑ 1 ᶍᶷ᷄ḃḁᶍḩḲḋḐᶱ ᵸᶪḏḘᶹḁᶍḙḝ

ᶾᴻḦḻḁᶊℓ☼ ᶱ ᵧᶪּס ᵫᵡᶩᶝᵸ G 

 

 

 

 

 

 

 

 
 4 - 3.  ᶹḻḏḋ᷄ḁᶊḦḋḜḻ᷅ᵴᶫᵾ᷊ᶹḂ (2, 8) ᶍ 2 ∫ 

 

ᶷḟḲ᷆ᴻ᷿ḯḻᵫ 3 ∙ ᶍḏᴻḇᶱ ᶇᵸᶪ ᴲḪḀḭḵᴻⱳ ᶱ

ᵶᶅ ᶹḻḏḋ᷄ḁᶇ ᶹḻḏḋ᷄ḁ ᶍḦḋḜḻ᷅ᶱ ᶆ ᵣᶝᵸᴳ 

 

 

ᶍ  
 

᷀ᴻḕḳᶍ ᶱ ᵶᵾᶨᴲ ᵸᶪ᷀ᴻḕḳᶍ ᶇᴲᵼᶫᶱḟḵ᷅ḱḨ

ᶆᶈᶍᶧᵥᶊ ᵸᶪᵪ ᶠᶪ ᵫᵡᶩᶝᵸᴳ ᷀ᴻḕḳᶱ ᵸᶪ

ᶎ ᵡᶩᴲ ᶱ ᵸᶪᶊᶎᴲᵲᶫᶨᶊ ᵸᶪ ᵫᵡᶩᶝᵸᴳ 

 

᷀ᴻḕḳᶇḣḁḐ᷈ᴻḑᶍ  

 

ḣḁḐ᷈ᴻḑᶇḏḘᶹḁ᷈ᴻḑᶱ ᵸᶪ ᶎᵣᵮᶃᵪᵡᶩᴲᶷḟḲ᷆ᴻ᷿ḯḻ

ᶆ ᶞ ᶮᵺᶪᵲᶇᵫᶆᵬᶝᵸ CG++ ḱḨḈ ᶝᵾᶎ ᶿḞḀᶼ᷄Ḑᴲ

◖ ᶹḻḇᴻḝᶼᶹḁ (OpenCL C ḅᴻḁ ᶉᶈ) ᶱ ᵶᶅ ᵴᶫᵾ᷀

ᴻḕḳᶣḘᶹḒḲ ᵫᴻᵡᶩᶝᵸG    
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ᵲᶫᶨᶍᶿḟ᷿ḯḻᶍ╗ ᶎᵸᶆᶊ  2 ᶆ ᵴᶫᶅᵩᶩᴲᵼᶍ ᶍᶿḟ᷿

ḯḻᶊᶃᵣᶅᶎ  10 ᶇ  20 ᶆ ᵶᵮ ᵶᶝᵸ G

 

ᶱ ᵸᶪ ᶉ ᶎᴲᵲᶫᶨᵸᶘᶅᶍᶿḟ᷿ḯḻᶆ ᵴᶫᶅᵣ

ᶝᵸᴳ╗ ᶇ ᶱ ᶃᵾᶠᴲᵲᶍ ᶍᵸᶘᶅᶍ᷈ᴻḑ ᶆᶎᴲC++ ḱḨḈ

ᶱ ᵶᶅ᷀ᴻḕḳᶱ ᵶᶝᵸ G

 

ḱḨḈ ᶎ ᶆᶎᶉᵣ 

 

SYCL ᶱ ᵣ ᶠᶪᵾᶠ CƎ++ ᶊᵡᶪḱḨḈ ᶊᶃᵣᶅᵸᶘᶅ

ᶊ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳḱḨḈ ᶍ ᵫ᷀ᴻḕḳᶱ ᵶᴲ᷂ḫḟḉ

ḫᴻᵴᶫᵾ  ( ᶊᶧᶂᶅ) ᵫ╥ ᶇᵶᶅ᷀ᴻḕḳᶊ ᵴᶫᶪᵲᶇᶱ ᶂ

ᶅᵩᵮᵿᵰᶆ ᶆᵸ  G
 

᷀ᴻḕḳᶱ ᵸᶪ ᶉḩ᷀ḓḂḨᶍ ᶮᶩᶊḱḨḈ ᶱ ᵸᶪᵲᶇ

ᶊᶧᶂᶅ ᵷᶪḙḝᶾᴻḦḻḁᶗᶍ☼ ᶎᵡᶩᶝᵺᶲᴳSYCL ᶱ᷊ḥᴻḐᵸ

ᶪ C++ ᷈ḻḙᶹḱᴻᶎᴲḱḨḈ ᵫ ᷀ᴻḕḳᶍ ᶱ ᵸ ᴲᵼᶫ

ᶊꞌᵷᶅ ᶱ ᶆᵬᶝᵸטּ  G
 

C++ ḱḨḈ ᶍ ᶇ SYCL ᶆᶍ ᶊ ᵸᶪ ≥ ᶊᶃᵣᶅᶎᴲ

 1 ᶱ ᵶᶅᵮᵿᵴᵣᴳ᷀ᴻḕḳᶱ ᵸᶪḱḨḈ ᶍᶧᶩ ᶉ

ᶊᶃᵣᶅᶎᴲ 10 ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

 

᷀ᴻḕḳᶍ│ᶉᶪ  
 

SYCL ᶊᶎ 3 ᶃᶍ│ᶉᶪ᷀ᴻḕḳ ᵫᵡᶩᴲᵼᶫᵽᶫ│ᶉᶪ Ḫḏḳᶇ

ᶱ᷊ḥᴻḐᵶᶅᵣᶝᵸᴳ ≥ᶍ᷀ᴻḕḳ ᶱ ᵶᶅ┌ סּ ᶉ᷀ᴻḕḳᶱ

ᶆᵬᴲᵼᶍ᷀ᴻḕḳᶱ ᵶᶅᴲᵴᶝᵵᶝᶉḏḘᶹḁḇᶹḟᶆ ᵣḙḝᶾᴻḦ

ḻḁᶱ ᶆᵬᶝᵸ  G 
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ᵾᵿᵶᴲ ᶍ ᶷḳ᷉ḲḂḨᶱᵴᶨᶊ ᶊ ᵶᵾᶩƎᶍ ᶆᶎᶷ᷄ḃḁ

ᶆᵬᶉᵣ ᶱ ᵸᶪᵾᶠᴲ ᶍ ᶱ ᵶᵾᵣ ᵫᵡᶩᶝᵸᴳ 

 

ᶍ ᶎ ᶉḏᴻḇ ᷀ᴻḕḳᶆ ᵴᶫᴲ᷀ᴻḕḳ ᶍ ᶡ

ᶉ ᶱ ᵶᶝᵸᴳ ᷀ᴻḕḳᶆᶎᴲ᷀ᴻḕḳᶍ ᶱᶆᵬᶪᵿᵰ ᶊ

ᵸᶪᵾᶠᴲḁ᷆Ḁḭᴻḳᶉᶈ Ḵḡḳᶍ ᶊ ᵸᶪ ᶱ ᶊᵶᶝᵸᴳ  

·ᶍ᷀ᴻḕḳᴴᶹḻḁḇḻḁᵫḗᴻḑᶻᶼᶷᴴḲḅᴻḁᶊᶈᶍᶧᵥᶊḦḋḟᵴᶫᶪᵪ

ᶎ ᶊᶧᶂᶅ ᵴᶫᶪᵾᶠᴲ ᷀ᴻḕḳᵫ ᶊᶉᶪᶊᶃᶫᶅᴲᵼᶍḙḝᶾ

ᴻḦḻḁᶱ ᵸᶪᵲᶇᵫᶝᵸᶝᵸ ᵶᵮᶉᶩᶝᵸᴳ 

 

2 ᶍ ᶆᶎᴲ ᷀ᴻḕḳᶱ ᵶᶅᴲ ḴḡḳᶍḙḝᶾᴻḦḻḁᴴḉḭ

ᴻḓḻ᷅ ᶗᶍᶷ᷄ḃḁᶱ ᵶᶝᵸᴳᵲᶍ ᶎᴲ ᶉ ᵪᶨ ND -

range  (N ∫) ḏᴻḇ ᶇᵶᶅ ᶨᶫᶅᵣᶝᵸᴳ ᶡ ᶉᵲᶇᶎᴲ

ᶍ᷀ᴻḕḳᴴᶹḻḁḇḻḁᶱ᷅ḳᴻḟּטᶆᵬᶪᶧᵥᶊᶉᶩᴲḏᴻḇᶍ ᶇᴲ

·ᶍ᷀ᴻḕḳᴴᶹḻḁḇḻḁᶇᵼᶫᶨᶍ ᶊ ᵴᶫᶪḗᴻḑᶻᶼᶷᴴḲḅᴻḁ

ᶍḦḋḜḻ᷅ᶱᵡᶪ ᶆᵬᶪᶧᵥᶊᶉᶪᵲᶇᶆᵸᴳ  

 

3 ᶍ ᶆᶎᴲḕḁḐᵴᶫᵾ ḳᴻḟᶊ ᵶᵾ ᶱ ᵶᶅ ND -

range ᷀ᴻḕḳᶱ ᵸᶪ ᶉ ᵫ ᵴᶫᶝᵸᴳᵲᶍ ᶎᴲ

ḏᴻḇ ᶇ ᶏᶫᴲḮᴻ᷾ᴻᶍḅᴻḁ᷈ᴻḑᶊ ᶫᶪḕḁḐᵴᶫᵾ ᶍ

ᶱ ᵶᶝᵸᴳᵲᶍ ᶊ ᵸᶪ᷈ḻḙᶹḱᴻᶍ᷊ḥᴻḐᶎᶝᵿ ᶆᵡᶩᴲ

ᵮᶍ SYCL ᶆᶎᴲ ḏᴻḇ ᷀ᴻḕḳᶱ ᶍ 2 ᶃᶍ ᶚᶈ

ᵮ ᶆᵬᶅᵣᶝᵺᶲ  GSYCL ᶍḙḝᶾᴻḦḻḁ ᶍ ᵮᶎ ᷀ᴻḕ

ḳᶇ ᵫᶉᵪᶂᵾᶩᴲ ᷀ᴻḕḳᵪᶨᶷ᷄ḃḁᶆᵬᶉᵣ ᵫᵡᶩ

ᶡ ᶆᵸ SGYCL ᶍ ᶎ ᶆᵡᶩ SƎYCL ᶊᶎᴲ

ᵫ ᵴᶫᶪᶝᶆ ᵶᵣ᷈ᴻḑᶆᶎ ᶍ ᶱ ᵧᶪᶧᵥ

ᵫ ᶝᶫᶅᵣᶝᵸᴳᵲᶍ ᶊⱲᶂᶅᴲ ᶍᶆᶎᴲ ᶉ ᶇ ND -

range ᶍ ᶍᶞᶱ ᵶᶝᵸ  G 
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ᵲᶍ ᶍ ᶆᴲ᷀ᴻḕḳᶍᵴᶝᵵᶝᶉ ᶍ ᶊᶃᵣᶅ ᵶᵮ ᵶᵾ ᴲ

ᵼᶫᶨᶍ ᶱ ᵶᶝᵸ  G

 

 

ḏᴻḇ ᷀ᴻḕḳ 
 

᷀ᴻḕḳᶍ ᶡ ᶉ ᶎᴲ │  (ᶃᶝᶩᴲᵸᶘᶅᶍḏᴻḇᶊ

ᶊ ᵶᶅ ≥ᶍ ᶆ ᶆᵬᶪ ) ᶊ ᵶᶅᵣᶝᵸᴳᵲᶍ ᶱ

ᵸᶪᵲᶇᶆᴲ ᶆᶎḷᴻ᷄ᶍḁ᷆Ḁḭᴻḳᶱ ᶊ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ

ᵶᵾᵫᶂᶅᴲᵲᶫᶎ ḟḵ᷅ḱḧḻ᷅ ᶍ ᶆᵸᴳᶃᶝᶩᴲ ᵫ ᵮᶚᶈ

סּטּ ᶆᵡᶪᵲᶇᶱ ᵸᶪᵿᵰᶆᴲḁ᷆Ḁḭᴻḳᶊ ᵸᶪ ᶅᶍ ᶎ

ᶊᶧᶂᶅ ᶮᶫᶝᵸ  G

 

ᶉḏᴻḇ ᷀ᴻḕḳᶎᴲ ╗ḟḵ᷅ḱḨ ḏᴻḇ (SPMD) ḁḇᶹḳ

ᶆ ᵴᶫᶝᵸᴳᶃᶝᶩᴲ ╗ᶍ ᴾḟḵ᷅ḱḨᴿ (᷀ᴻḕḳ) ᵫ ᶍḏᴻḇᶊ

ᵴᶫᶝᵸᴳᵲᶍḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶆᶎᴲḏᴻḇ∟ᶍ ᶊᶧᶩƎ ᷀ᴻḕḳᶍ

ᶹḻḁḇḻḁᵫ᷈ᴻḑ ᶆ│ᶉᶪḙḁᶱ ᵸᶪᵲᶇᵫ∟ ᶇᵶᶅ ᵴᶫᶅᵣסּ

ᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣ G

 

SPMD ḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶍ ᶍ ᶍ 1 ᶃᶎᴲ ᶉ ᶉᵶᶊᴲ

ᵷ ᴾḟḵ᷅ḱḨᴿ ᶱ ᶍḴḡḳᶇḇᶹḟᶍ ᶊḦḋḜḻ᷅ᶆᵬᶪᵲᶇᶆ

ᵸᴳ ᵷḟḵ᷅ḱḨᶍᶹḻḁḇḻḁᶎᴲḙᶹḟḱᶹḻּטᵶᵾᶩᴲᶝᶇᶠᶅḙḋ᷄ᵶᶅ 

SIMD ᶆ ᵶᵾᶩᴲ ᶍḗᴻḑᶻᶼᶷᴴḁḴḋḑᶊ ᵶᵾᶩᴲᶝᵾᶎᵲᶫ

 ʝ3 ᶃᶱ ᶞ ᶮᵺᶪᵲᶇᶡᶆᵬᶝᵸ  G 

 

ḏᴻḇ ᷀ᴻḕḳᶱ ᵸ  ᶅ

 

ᶉ ᷀ᴻḕḳᶍ ᶎ ∫ (ḴḻḀ) ᶇ ᶏᶫᴲ᷀ᴻḕḳᶍ ᶹ

ḻḁḇḻḁᶎ  (ᶷᶹḎḨ)  ᶇ ᶏᶫᶝᵸᴳᵲᶍ ᶱ  4 - 4  ᶊ ᵶᶝᵸ  G
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 4 - 4.  ᶉ ᷀ᴻḕḳᶍ 2GD ∫ᶍ 64 ᶱ  G

 

ᶉḏᴻḇ ᷀ᴻḕḳᶍ Ḫḏḳᶎ ᶊ ᶆᵸᴳ ᶉ

ᵫּס ᶆᵸᵫᴲᵼᶫᶎ ᶝᵾᶎ ᵴᶫᶪᶮᵰᶆᶎᵡᶩᶝᵺᶲᴳ ᶎᴲ ╗

ᶍḗᴻḑᶻᶼᶷᴴḁḴḋḑ ᶆ ᶊ (ᶃᶝᶩᴲ ᶉᵶᶆ) ᵸᶪᶉᶈᴲ

≥ᶍ ᶆ ᶆᵬᶝᵸᴳᵶᵾᵫᶂᶅᴲᵸᶘᶅᶍ ᵫ ᶊ ᵴᶫᶪᵲᶇᶱ

ᵸᶪ᷀ᴻḕḳᶆᶎ (Ǝ ᶍ ᶱ ᶞᶪᶉᶈᶆ) ╗ ᶍḏḘᶹḁᶆḟḵ᷅ḱ

Ḩᵫ ᶊḗḻ᷅ᵸᶪּס ᵫᵡᶩᶝᵸ G

 

ᵾᵿᵶᴲ ᶱ ᵸᶪᶊᶎᴲ ᶊ᷀ᴻḕḳᵫ ᶊ ᵴᶫᶪᶇᵣᵥ

ᶆ᷀ᴻḕḳᶱ ᵸᶪ ᵫᵡᶩᶝᵸᵾGᶇᵧᶏᴲ ᶱ ᵯᵾᶠᶊᴲḩḪḲ

ᴻᶗᶍ ᶷ᷄ḃḁᵫᶷḐḧḋ᷄ḩḪḲᴻ  (  19 ᶱ ) ᶊᶧᶂᶅ ᶊ

ᵴᶫᶪᵲᶇᶱ ᵸᶪᶍᶎᴲ ᵾᶀᶍ ᶆᵸᴳ 
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ḏᴻḇ ᷀ᴻḕḳᶱ  

 

ᶉḏᴻḇ ᷀ᴻḕḳᶎ pƎarallel_for  ᶱ ᵶᶅ ᵴᶫᶝᵸᴳ

 4 -5 ᶎᴲᵲᶍ ᶱ ᵶᶅḡ᷄Ḑḳᶍּנ ᶱ ᵸᶪ ᶱ ᵶᶅᵣᶝᵸᴳ

ᵲᶫᶎᴲ ᶷ᷄ḃḱḴᴻḇᴻᴴḟḵ᷅ḱḧḻ᷅ᶊᵩᵰᶪ HPello, world!  Rᶆᵡᶪ

ᶇ ᵧᶝᵸ  G

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

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

});  

 
 4 - 5.  parallel_for ᶊᶧᶪḡ᷄Ḑḳּנ ᷀ᴻḕḳᶍ  

 

ᵲᶍ ᶎ 2 ᶃᶍ╥ ᶍᶞᶱ ᶩᶝᵸ 1G ᶃ ᶎ ᶆ ᵸᶪ ᶍ

ᶱ ᵸᶪ ∫ (ᶝᵾᶎ ) ᶆᵡᶩ 2Ǝ ᶃ ᶎ ∫ ᶍ ᶹḻḏḋ᷄ḁᶊ ᵶᶅ

ᵴᶫᶪ᷀ᴻḕḳ ᶆᵸᴳ᷀ᴻḕḳ ᶗᶍ╥ ᶇᵶᶅ ᵰ ᶫּס ᶉ᷄ḱ

ḁᶎᵣᵮᶃᵪᵡᶩᶝᵸᵫᴲᶈᶍ᷄ḱḁᶱ ᵸᶪᵪᶎᴲ ᶉ ᶱ ᵸ᷄ḱḁᶊ

ᶧᶂᶅ│ᶉᶩᶝᵸᴳᵲᶫᶊᶃᵣᶅᶎ ᶆ ᵶᶝᵸᴳ  

 

 4 -6  ᶎᴲᵲᶍ ᶱ ᶊᶧᵮ ᵾ ᶆ ᵶᶅᵣᶝᵸᴳᵲᶫᶎᴲ2 

ḏᴻḇ∙ ᶎḡ᷄Ḑḳᶍּנ ᶇ ( ᶊᶎ) ╗ᶆᵸᴳᵲᶫᶎ᷀ᴻḕḳᶊ ☿ᵴ

ᶫᶅᵣᶝᵸ 2G ᶃᶍ᷈ᴻḑᶍ ╗ᶍ┴ᵣᶎᴲ ᵴᶫᶅᵣᶪ ∫ᶇ ID  ᷄ḱḁᶍ

ᶆᵸ SGYCL ᶷ᷄ḃ᷊ᴻᶎ  ID  ᶆᶹḻḏḋ᷄ḁ ᵰᶆᵬᶪᵾᶠᴲᵲᶍᶧᵥ

ᶊ ᵸᶪᵲᶇᵫᶆᵬᶝᵸᴳ╗ ᶊ ᵧᶝᵸᵫᴲᵲᶫᶎ ᶊ ᶆᴲḏᴻḇ

ᶍ ᶊ ᶄᵣᶅḎḻḟḴᴻḐּטᵴᶫᵾ ᷀ᴻḕḳᶱ ᶆᵬᶝᵸᴳ  

 
h. parallel_for ( range {N, M}, [=]( id <2> idx ) {  

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

});  

 
 4 - 6.  parallel_for ᶊᶧᶪ נּ ᷀ᴻḕḳᶍ  

 

C/C++ ᶆᶎᴲ ḏᴻḇ ᶍᶹḻḏḋ᷄ḁ ᶊ ᶍᶹḻḏḋ᷄ḁᶇ

ᶍ ⱳ ᶱ ᵸᶪᶍᵫ╗ ᶆᵡᶩᴲᵲᶍ ᶉᶹḻḏḋ᷄ḁ ᶎ

ᶷ᷄ḃ᷊ᴻᶆᶡ᷊ḥᴻḐᵴᶫᶅᵣᶝᵸᴳ  
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ᶍᶹḻḏḋ᷄ḁᶱ ᵸᶪᶇᴲ᷀ᴻḕḳᵫ│ᶉᶪ ᶍḏᴻḇᶊ ᵶᶅ

ᶊ ᶱ ᵥ ᶣᴲ᷀ᴻḕḳᶍḩḪḲᴻᴴᶷ᷄ḃḁᴴḙḇᴻḻᵫ ᶍ ID  ᶱ

ᵶᶅ ᶆᵬᶪᶧᶩᶡ ᶉ ᶊᴲ ᶞᶣᵸᵴᵫ ᵶᶝᵸᴳ 

 

ᵾᶇᵧᶏᴲ  4 -7  ᶍ ᷀ᴻḕḳᶎ 2Ǝ ᶃᶍ ᶍ ᶇ ᶍ ᶍḑḋḐ

ᶱ ᶆᵬᶪᶧᵥᶊᴲᶹḻḏḋ᷄ḁᶍ 2 ᶃᶍ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ

ᶍ≥ ᶆᶎᴲ ᶍ ⱳ  ( : [j][k] ) ᶱ╗ ᵶᶅ ᵸᶪᶇᴲ ᶍ

ᶹḻḏḋ᷄ḁᴴḪᴻḑᶱ ᵴᵺᶅ 2 ᶍ id  ᶿḞḀᶼ᷄Ḑ ( : id(j,k) ) ᶱ

ᵸᶪᶧᶩᶡ ᶞᶣᵸᵮᶉᶩᶝᵸᵫᴲᵲᶫᶎ ᶊ ᶍ ᶞᶍ ᶆᵸᴳ 

 

ᵲᶍ ᶍ ᶩᶍ ᶆᶎᴲᶷ᷄ḃḁᵴᶫᶪḘḋḝᶶᴻᶍ ᶊ ᶊᶉᶨᶉᵣᶧ

ᵥᶊᴲ ᶍ ⱳ ᶱ ᵶᶝᵸ G

 
h. parallel_for ( range {N, N}, [=]( id <2> idx ) {  

  int  j = idx [ 0];  

int  i = idx [ 1];  

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

  c[j][i] +=  

a[j][k] * b[k][i];  

 

}  

});  

// ᶝᵾᶎ c[idx] += a[id(j,k)]  

// * b[id(k,i)];  

 
 4 - 7.  parallel_for ᶱ ᵣᵾ ᶍ ᶉ ᷀ᴻḕḳ 
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 4 - 8.  ⱳ ᶱ ∫ ᶍ ᶊḦḋḜḻ  ᷅

 

 4 -8  ᶍ ᶎᴲ ᷀ᴻḕḳᶍḷᴻ᷄ᵫ ·ᶍ ᶊᶈᶍᶧᵥᶊḦḋḜḻ

᷅ᵴᶫᶪᵪᶱ ᵶᶅᵣᶝᵸᴳ ᶎ ∫ᶍ᷊ᶹḂᵪᶨ ᵬ ᵴᶫᴲ ᵷ

ᵫ ᶍ ᶊᶧᶂᶅ ᶞ ᶨᶫᶪּס ᵫᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ

ᶎ AƎ ᶍ ( ᵶᵾ) ᶇ B ᶍ ( ᵶᶅᵣᶉ )r ᶱ ᶊ

ᵶᶅ CƎ ᶊ ╗ᶍ ᶱ ᵶᶝᵸ  G

 

ḏᴻḇ ᷀ᴻḕḳᶍ  

 

ᶉḏᴻḇ ᷀ᴻḕḳᶍ ᶎ rƎange iƎd iƎtem  ᶍ 3 ᶃᶍ C++ ᷄ḱ

ḁᶱ ᵷᶅ ᵴᶫᶝᵸᴳᵲᶫᶝᶆᶍ ᶆ range ᷄ḱḁᶇ id  ᷄ḱḁᶊᶃᵣᶅᶎ

ᵶᶝᵶᵾᵫᴲᵲᵲᶆᶎ ᶍ ᶱ ᶂᶅ ᶩ ᵱᶝᵸᴳ 

 

range  ᷄ḱḁ 

 

range  ᶎ 1Ǝ 2Ǝ ᴲᶝᵾᶎ 3 ᶍ ∫ᶱ ᵶᶝᵸ rGange  ᶍ ᶎḎ

ḻḟḴᴻḐ╥ ᶆᵡᶪᵾᶠᴲ᷈ḻḙᶹḳ ᶊ ᶆᵡᶪ ᵫᵡᶩᶝᵸᵫᴲ

ᶍ᷊ᶹḂᶎ ᶆᵡᶩᴲ ᶊ᷈ḻḁḐḱ᷄ḇᴻᶊ ᵴᶫᶝᵸᴳrange  ᷄ḱḁᶍ

ᶹḻḁḇḻḁᶎᴲ ᶍ ∫ᶇḘḋḝᶶᴻ᷊ᶹḂ ᶍ ᶊ ᵴᶫᶝ

ᵸ  G
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 4 -9 ᶊ rƎange  ᷄ḱḁᶍ ᵴᶫᵾטּ ᶱ ᵶᶝᵸᴳᵲᶍ ᶊᶎᴲ

range  ᶍ ∫ᶱ ᵸᶪ᷈ḻḁḐḱ᷄ḇᴻᶇᵴᶝᵵᶝᶉḩḅḋḑᵫ ᵴᶫᶅᵣᶝ

ᵸ  G

 
template  <int Dimensions  = 1>  

class  range  {  

public:  

 // 1 2Ǝ ᴲᶝᵾᶎ 3 ᶍ ∫ᶱ   

 range ( size_t  dim0 );  

 range ( size_t  dim0 , size_t  dim1 );  

 range ( size_t  dim0 , size_t  dim1 , size_t  dim2 );  

 

 // ᶍ ∫ᶍ᷊ᶹḂᶱ  н  

 size_t  get ( int  dimension ) const ;  

 size_t  &operator[] ( int  dimension );  

 size_t  operator[] ( int  dimension ) const ;  

 

 // ᶍ᷊ᶹḂᶍ ᶱ  н  

 size_t  size () const ;  

 

 // ∫ᶊ ᵸᶪ ⱳ ᶡ᷊ḥᴻḐᵴᶫᶝ  н

};  

 
 4 - 9.  range ᷄ḱḁᶍ ᵴᶫᵾטּ  

 

id  ᷄ḱḁ 

 

id  ᶎ 1Ǝ 2Ǝ ᴲᶝᵾᶎ 3 ᶍ ∫ᶍᶹḻḏḋ᷄ḁᶱ ᵶᶝᵸᴳid  ᶍ

ᶎ ᵮᶍ ᶆ range  ᶇ ᶅᵣᶝᵸᴳ ᶡ᷈ḻḙᶹḳ ᶊ ᶆᵡᶪ ᵫ

ᵡᶩᴲ ᶍ᷀ᴻḕḳᶍ ·ᶍᶹḻḁḇḻḁᶝᵾᶎḘḋḝᶶᴻᶗᶍᶿḝḃḋ

Ḑᶱᶹḻḏḋ᷄ḁᶇᵶᶅ ᶆᵬᶝᵸᴳ  

 

 4 -10  ᶍ id  ᷄ḱḁᶍ ᶊ ᵴᶫᶅᵣᶪᶧᵥᶊiƎd  ᶎ ᶊᶎ 1 2Ǝ ᴲ

ᶝᵾᶎ 3 ᶃᶍ ᶍ᷈ḻḎḒᴻᶊᵸᵭᶝᵺᶲ G ᶆᵬᶪ ᶡ᷿ḻḟḳᶆᵸᴳ

ᶍᶹḻḏḋ᷄ḁᶍ᷈ḻḥᴻḕḻḐᶱ ᵶᵾᶩᴲ ᶉⱳ ᶱ ᵶᶅ ᵶ

ᵣᶹḻḏḋ᷄ḁᶱ ᶆᵬᶝᵸᴳ 
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≥ᶍᶹḻḏḋ᷄ḁᶱ  нid  ᶱ ᶆᵬᶝᵸᵫᴲ ᶍ᷀ᴻḕḳᴴᶹḻḁḇḻḁ

ᶊ ᵰᶨᶫᵾ id  ᶱ ᵸᶪᶊᶎᴲᵼᶍ id  (ᶝᵾᶎᵼᶫᶱ ᶟ ) ᶱ᷀ᴻ

ḕḳ ᶍ╥ ᶇᵶᶅ ᵰ ᶫᶪ ᵫᵡᶩᶝᵸᴳᵲᶍ id  (ᶝᵾᶎᵼᶍḩḻḘᴻ

ᶊᶧᶂᶅ ᵴᶫᶪ ) ᶎᴲᶹḻḏḋ᷄ḁᶱ ᵸᶪ ≥ᶍ ᶊ ᵸᶪ

ᵫᵡᶩᶝᵸᴳ ᴲḟḵ᷅ḱḨ ᶍ ≥ᶍḥᶹḻḐᶆᶹḻḏḋ᷄ḁᶱ ᵸᶪ

ᶎᵡᶩᶝᵺᶲᵫᴲᵲᶫᶎ SYCL ᶍ ᶍḘᴻḀḯḻᶆ סᵴᶫᶪּטּ ᵫᵡᶩ

ᶝᵸ  G 

 

id  ᶱ ᵰ ᶫᶪ᷀ᴻḕḳᶍ ᶹḻḁḇḻḁᶎᴲ ᶍᵾᶠᶊ ᶩ ᶅᶨᶫᵾ

∫ ᶍᶹḻḏḋ᷄ḁᶍᶞᶱ ᵶᴲ ∫ ᶎ ᵶᶝᵺᶲᴳ᷀ᴻḕḳᴴᶹḻḁḇḻ

ḁᶊ ᶍᶹḻḏḋ᷄ḁᶇ ∫ᶱ ᵴᵺᵾᵣ ᶎᴲ ᶮᶩᶊ item  ᷄ḱḁᶱ

ᵸᶪ ᵫᵡᶩᶝᵸ  G

 
template  <int Dimensions  = 1>  

class  id  {  

public:  

 // 1 2Ǝ ᴲᶝᵾᶎ 3 ᶍ ∫ᶱ   

 id ( size_t   dim0 );  

 id ( size_t  dim0 , size_t  dim1 );  

 id ( size_t  dim0 , size_t  dim1 , size_t  dim2 );  

 

 // ᶍ ᶍ ID ᶍ᷈ḻḥᴻḕḻḐᶱ ᵶᶝ  н  

 size_t  get ( int  dimension ) const ;  

 size_t  &operator[] ( int  dimension );  

 size_t  operator[] ( int  dimension ) const ;  

 

 // ids ᶊ ᵸᶪ ⱳ ᶡ᷊ḥᴻḐᵴᶫᶝ  н

};  

 
 4 - 10.  id ᷄ḱḁᶍ ᵴᶫᵾטּ  

 

item  ᷄ḱḁ 

 

item  ᶎ᷀ᴻḕḳ ᶍ ·ᶍᶹḻḁḇḻḁᶱ ᵶᴲ᷀ᴻḕḳᶍ ∫ᶇᵼᶍ

∫ ᶍᶹḻḁḇḻḁᶍᶹḻḏḋ᷄ḁᶍ ᶱ᷀ḟḃḳּטᵶᶝᵸ (ᵼᶫᵽᶫ ∫ᶇ 

id  ᶱ ) rGange  ᶣ id  ᶇ ᶊᴲᵼᶍ ᶎ᷈ḻḙᶹḳ ᶊ ᵶᶅᵣᶉᵰ

ᶫᶏᶉᶩᶝᵺᶲ  G
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item  ᷄ḱḁᶍ ᵴᶫᵾטּ ᶱ  4 -11  ᶊ ᵶᶝᵸ iGtem  ᶇ id  ᶍ ᶉ

┴ᵣᶎ iƎtem  ᵫ ∫ᶍḟḵḙḎᶸ  ᴻ(᷊ᶹḂᶉᶈ) ᶱ ᵸᶪ נּ ᶇᴲ

ᵴᶫᵾᶹḻḏḋ᷄ḁᶱטּ ᵸᶪ ᶱ ᵶᶅᵣᶪᵲᶇᶆᵸᴳid  ᶇ ᶊᴲ

ᶍ᷀ᴻḕḳᴴᶹḻḁḇḻḁᶊ ᵰᶨᶫᵾ ᶱ ᵸᶪ ╗ᶍ ᶎᴲᵼ

ᶫᶱ᷀ᴻḕḳ ᶗᶍ╥ ᶇᵶᶅ ᵰ ᶫᶪᵲᶇᶆᵸᴳ 

 
template  <int Dimensions  = 1, bool WithOffset  = true >  

class  item  {  

public:  

 // ᷀ᴻḕḳᶍ ∫ ᶍᵲᶍ ᶍ 

 // ᶹḻḏḋ᷄ḁᶱ ᵶᶝ  н

 id <Dimensions > get_id () const ;  

 size_t  get_id ( int  dimension ) const ;  

 size_t  operator[] ( int  dimension ) const ;  

 

 // ᵲᶍ ᶊᶧᶂᶅ ᵴᶫᶪ᷀ᴻḕḳᶍ ∫ᶱ ᵶᶝ  н  

 // ∫ᶱ ᵶᶝ  н

 range <Dimensions > get_range () const ;  

 size_t  get_range ( int  dimension ) const ;  

 

 // ᵲᶍ ᶍᶿḝḃḋḐᶱ ᵶᶝ н (WithOffset == true ᶍ )  

 id <Dimensions > get_offset () const ;  

 

 // ᵲᶍ ᶍ ᶹḻḏḋ᷄ḁᶱ ᵶᶝ н

 // : id(0) * range(1) * range(2) + id(1) * range(2) + id(2)  

 size_t  get_linear_id () const ;  

};  

 
 4 - 11.  item ᷄ḱḁᶍ ᵴᶫᵾטּ  

 

 

ᶉ ND - Range ᷀ᴻḕḳ 
 

᷀ᴻḕḳᶍ 2 ᶍ ᶆᶎᴲ ᶉḏᴻḇ ᷀ᴻḕḳᶍḝḱḋḐᶉ

∫ᵫᴲ ᵫ᷅ḳᴻḟᶊ ᵸᶪ ∫ᶊ ᵬ ᵧᶨᶫᶝᵸᴳᵲᶍ ᶎᴲ

᷀ᴻḕḳ ᶍ ᶍ ᶱ ᵸᶪ ᶊ ᶆᵸ  G 
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│ᶉᶪḇᶹḟᶍ᷅ḳᴻḟᶊ ᵶᶅ│ᶉᶪ ᵫ ᵴᶫ ᵴᶫᶪᵲᶇᶆᴲḷᴻ᷄

ᶱ ᶍḗᴻḑᶻᶼᶷᴴḟḱḋḐḝᶾᴻḨᶊḦḋḜḻ᷅ᵸᶪ ᶍ ᶇ ᵫ

ᶝᶩᶝᵸ  G

 

ᵶᵾᵫᶂᶅᴲᵲᶫᶨᶍ ᶉ ND - range ᷀ᴻḕḳᶎᶧᶩ ᶉ

ᶍ ᶆᵸᴳᵲᵲᶆᶎᴲ ḇᶹḟᶍ᷅ḳᴻḟᶗᶍḷᴻ᷄ᶍḦḋḜḻ᷅ ᵶɵᴲ ᶎ

ᵼᶍḦḋḜḻ᷅ᶊ ᵥ ᵫᵡᶩᶝᵸᴳᵾᵿᵶᴲ᷅ḳᴻḟ ᶎ ≥ᶍ ᶆ

ᵴᶫᶪּס ᵫᵡᶩᴲ ᶆᶎ ḇᶹḟᶍ᷅ḳᴻḟᵫḗᴻḑᶻᶼᶷᴴḲḅᴻḁᶊᶈ

ᶍᶧᵥᶊḦḋḟᵴᶫᶪᵪᶎᴲᵡᶪ ᶍ ᵫ ᵴᶫ ᶊ ᵴᶫᶅᵣᶪᶮ

ᵰᶆᶎᵡᶩᶝᵺᶲᴳᵲᶍ ḟḵ᷅ḱḧḻ᷅ᶇ ḟḵ᷅ḱḧḻ᷅ᶍ ᶞ ᶮ

ᵺᶊᶧᶩᴲ┌ ᶱ ᶉᵥᵲᶇᶉᵮᴲ᷀ᴻḕḳᶱ ᶊ ᶮᵺᶅ ᵩᶧᶒ

ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸ  G

 

ᶉḏᴻḇ ᷀ᴻḕḳᶇ ᶊ NƎD - range ᷀ᴻḕḳᶎ SPMD ḁḇᶹ

ḳᶆ ᵴᶫᴲᵸᶘᶅᶍḷᴻ᷄ ᵫ ᶍḏᴻḇᶊ ᵴᶫᶪ ᵷ᷀ᴻḕḳ 

ᴾḟḵ᷅ḱḨᴿ ᶱ ᵶᶝᵸᴳ ᶉ┴ᵣᶎᴲ ḟḵ᷅ḱḨᴴᶹḻḁḇḻḁᵫᴲᵼᶫᶱ

ᶟ᷅ḳᴻḟ ᶍ∞ ᶱ ᶆᵬᴲ ᷅ḳᴻḟḇᶹḟᶊ ᶍ נּ ᶊᶷ᷄ḃḁ

ᶆᵬᶪᵲᶇᶆ  н(  9 ᶱ )  G 

 

ᶉ ND - Range ᷀ᴻḕḳᶱ ᵸ  ᶅ

 

ND - range ᷀ᴻḕḳᶍ ∫ᶎᴲḷᴻ᷄᷅ḳᴻḟᴲ᷊Ḟ᷅ḳᴻḟᴲᵩᶧᶒḷᴻ

᷄ ᶊ ᵴᶫᶝᵸ NGD - range ᶎᴲ ╗ᶉ᷊ᶹḂᶍḷᴻ᷄᷅ḳᴻḟᶊ ᵴ

ᶫᵾ ∫ᶱ ᵶᶝ  н(ᶃᶝᶩᴲḷᴻ᷄᷅ḳᴻḟᶍ᷊ᶹḂᶎᴲ ᶆ 

ND - range ᶍ᷊ᶹḂᶱ ᶊ ᵸᶪ ᵫᵡᶩᶝ )нᴳ ḷᴻ᷄᷅ḳᴻḟᶎᴲ

ᶊᶧᶂᶅᵴᶨᶊ᷊Ḟ᷅ḳᴻḟᶊ ᶆᵬᶝᵸᴳḷᴻ᷄ ᶇ ḇᶹḟᶍ᷅ḳᴻ

ḟᶊ ᵴᶫᵾ Ḫḏḳᶱ ᵸᶪᵲᶇᶎᴲ ᶆ┌ סּ ᶉḟḵ᷅ḱḨᶱ

ᵸᶪ ᶆ ᵲᶇᶆᵸ  G

 

 4 - 12  ᶎᴲ᷊ᶹḂ (8 8Ǝ 8Ǝ)  ᶍ ND - range ᶱ᷊ᶹḂ (4 4Ǝ 4Ǝ)  ᶍ 8 ᶃᶍ

ḷᴻ᷄᷅ḳᴻḟᶊ ᵶᵾ ᶱ ᵶᶅᵣᶝᵸ ḷGᴻ᷄᷅ḳᴻḟᶎƎ 4 ᶃᶍ ᶱ

ᶃ 1 ᷊Ḟ᷅ḳᴻḟɵ  16 ᶀᶝᵸG ᶍ ᵰᶊᶎ ≥ᵶᶅᵮᵿᵴ

ᵣ  G 
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᷊Ḟ᷅ḳᴻḟᶎ ᶊ 1 ᶆᵡᶪᵾᶠ NƎD - range ᶇḷᴻ᷄᷅ḳᴻḟᶍ  2 

ᶎ᷊Ḟ᷅ḳᴻḟᶍ  0 ᶊᶉᶩᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 

 
 4 - 12.  3  ND - range ᶱḷᴻ᷄᷅ḳᴻḟᴲ᷊Ḟ᷅ḳᴻḟᴲᵩᶧᶒḷᴻ᷄ ᶊ  

 

ḇᶹḟᶍ᷅ḳᴻḟᵪᶨḗᴻḑᶻᶼᶷᴴḲḅᴻḁᶗᶍ ᶉḦḋḜḻ᷅ᶎᶊ

ᶧᶂᶅ ᵴᶫᶅᵩᶩᴲᵲᶍ ᶊᶧᶩᴲḟḵ᷅ḱḨᶱᵴᶝᵵᶝᶉḗᴻḑᶻᶼᶷ

ᶆ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸ  Gᵾᶇᵧᶏᴲḷᴻ᷄ ᶎ ᶊ ᵸᶪᵲ

ᶇᶡᴲḗᴻḑᶻᶼᶷᴴḁḴḋḑᶣ SIMD ᶆ ᵸᶪᵲᶇᶡᴲ᷀ᴻḕḳ ᶊ

ᶊ ᵴᶫᵾḗᴻḑᶻᶼᶷᴴḙᶹḟḱᶹḻᶆ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳ 

 

ᵲᶍ ᶆᶎᴲ ḇᴻ᷇ḋḐᴴḟḱḋḐḝᶾᴻḨᶍ ᵪᶨ ᵾ ND -range 

ḪḏḳᶍḃḦḻḎᶸḋ᷄ ᶍᶞᶊ ᶱ ᶅᶅᵩᶩᴲ ᶍḟḱḋḐḝᶾᴻḨ

ᶗᶍḦḋḜḻ᷅ᶊᶃᵣᶅᶎ ᵶᶝᵺᶲGGPU CƎPU FƎPGA ᶍḗᴻḑᶻᶼᶷᴴḦ

ḋḜḻ᷅ᶇḙḝᶾᴻḦḻḁᶍ ᶍ ᶊᶃᵣᶅᶎ  Ǝ15 ᴲ  16 ᴲ  

17 ᶱ ᵶᶅᵮᵿᵴᵣ  G
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ḷᴻ᷄  ( work - item )  

 

ḷᴻ᷄ ᶎᴲ᷀ᴻḕḳ ᶍ ·ᶍᶹḻḁḇḻḁᶱ ᵶᶝᵸᶍG᷅ḳᴻḟּט

ᵫᶉᵣ ᴲḷᴻ᷄ ᶎ ≥ᶍ ᶆ ᵴᶫᴲ᷅ḵᴻḘḳḩḪḲᴻᶗᶍᶷḐḧ

ḋ᷄ḩḪḲᴻ ᶱ ᶮᶉᵣ ᶩᴲ ᶊ ᶝᵾᶎ ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲ 

(  19 ᶱ )  G

 

ḷᴻ᷄᷅ḳᴻḟ ( work - group )  

 

ND - range ᶍḷᴻ᷄ ᶎḷᴻ᷄᷅ḳᴻḟᶊ ᵴᶫᶝᵸᴳḳᴻḟ ᶍḷᴻ᷄

ᶎᴲ᷅ḵᴻḘḳḩḪḲᴻᶗᶍᶷḐḧḋ᷄ḩḪḲᴻ ᶱ ᵣᶅ ᶊ ᶆᵬ

ᶝᵺ  ɸ(  19 ᶱ )ᴳᵾᵿᵶᴲ ᶍ ᵫ ᵴᶫᶪ ᴲḷᴻ᷄᷅ḳᴻ

ḟ ᶍḷᴻ᷄ ᶊᶎ╗ ᶍḁ᷆Ḁḭᴻḳᶍ ᵫᵡᶩᴲᵲᶍ ᶊᶧᶂᶅᵣ

ᵮᶃᵪᶍ נּ ᵫᵡᶩᶝᵸ  G

 

1.  ḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻ

ᶊᶷ᷄ḃḁᶆᵬᶝᵸᴳᵲᶍḩḪḲᴻᶎ╗ ᶍḏḘᶹḁᶆᶎ ᶍ

ḩḪḲᴻᶊḦḋḟᵴᶫᶪ ᵫᵡᶩᶝ  н(  9 ᶱ )  G 

 

2.  ḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎḷƎᴻ᷄᷅ḳᴻḟᴴḘḲᶷɵ ᵶᶅ

ᵶ ḷƎᴻ᷄᷅ḳᴻḟ  HḩḪḲᴻḝᶼḻḁɵ ᵶᶅḩḪḲᴻᶍ╗

ᶱ ᶆᵬᶝ  н(  9 ᶱ )  G

 

3.  ḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎ᷅ ḳᴻḟ ᶊᶷ᷄ḃḁᶆᵬᴲ

ᶍ ḳᴻḉḻ (  9 ᶱ ) ᶇ᷅ḳᴻḟᴴᶷḳ᷉ḲḂḨᶊ ᵴ

ᶫᴲḲḈ᷿᷄ḯḻᶣḁ᷂ḫḻᶉᶈᶍ ᶍ ḙḇᴻḻᶍ ᵫ

ᵴᶫᶝ  н(  14 ᶱ )  G
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ḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶎᴲ ᴲ ᶊ᷀ᴻḕḳᵳᶇᶊ ᵴᶫ

ᶝᵸᴳᵲᶫᶎᴲ ᶉ᷅ḳᴻḟּטᶎᴲ סּ ᶉ ᶍ (ᶃᶝᶩ NƎD -

range ᶍ᷊ᶹḂ) ᶇḇᴻ᷇ḋḐḏḘᶹḁᶍḟḵḙḎᶸᴻᶍ ᶊ∟ ᵸᶪᵾᶠᶆ

ᵸ  Gdevice  ᷄ḱḁᶍ᷄ᶽḲᴻ ᶱ ᵶᶅᴲ ᶍḏḘᶹḁᶆ᷊ḥᴻḐᵴᶫᶅ

ᵣᶪḷᴻ᷄᷅ḳᴻḟᵡᵾᶩᶍḷᴻ᷄ ᶍ ᶱ ᶆᵬᶝ  н(  12 ᶱ

)ᴳᶝᵾᴲ ᷀ᴻḕḳᶊ ᵴᶫᵾḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᵫ ᶆᵡᶪᵲᶇᶱ

ᵸᶪᶍᶎᴲḟḵ᷅ḱḦᴻᶍ ᶆᵸᴳ 

 

ḷᴻ᷄᷅ḳᴻḟᶍ Ḫḏḳᶊᶎᴲ ᵸᶪּל ᶍᵡᶪ ᶉ ᵫᵣᵮᶃᵪᵡ

ᶩᶝᵸ  G

 

ᶝᵹᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎ ╗ᶍ ḮḓḋḐᶊḁ᷆Ḁḭᴻḳᵴᶫ

ᶝᵸᵫᴲḷᴻ᷄᷅ḳᴻḟ ᶇ ḮḓḋḐᶍ ᶍ ᶊᶎ ᵫᶉᵮᶅᶡᵪᶝᵣᶝ

ᵺᶲᴳ NƎD - range ᶍḷᴻ᷄᷅ḳᴻḟ ᶎᴲ ᶍḏḘᶹḁᵫ ᶊ ᶆ

ᵬᶪḷᴻ᷄᷅ḳᴻḟ ᶧᶩᶡּך ᵪ ᵬᵮᶉᶪᵲᶇᵫᵡᶩᶝᵸᴳḷᴻ᷄᷅ḳᴻḟ

ᶆ ᵸᶪ᷀ᴻḕḳᶱᴲḏḘᶹḁ ᶍ ᶉḁ᷆Ḁḭᴻḳᶊ ᵺᶅ ᵶᵾᵮ

ᶉᶪᵪᶡᵶᶫᶝᵺᶲᵫᴲᵼᶫᶎ ᵶᶝᵺᶲᴳᵼᶍ ᴲ᷀ᴻḕḳᶎ ᵶᶅᵣᶪ

ᶧᵥᶊ ᵧᶅᶡᴲ ᶍ ᶆ ᵫ ᵴᶫᶪᶮᵰᶆᶎᶉᵮᴲ│ᶉᶪḏḘᶹḁ

ᶊ┌ ᵶᵾ ᶊ ᵶᶉᵮᶉᶪּס ᵫ ᶠᶅ ᵣᵾᶠᶆᵸ G 

 

2 ᶊᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎ ᵣᶊ ᶆᵬᶪᶧᵥᶊḁ᷆Ḁḭ

ᴻḳᵴᶫᶝᵸᵫᴲ ᶍ ᶱ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳᶃᶝᶩᴲḷᴻ᷄᷅

ḳᴻḟ ᶍḷᴻ᷄ ᶱḘḲᶷᶇ ⱳ ᶍ ᶆ ᶊ ᵸᶪᵲᶇᶎ ᶉ

ᶆᵸ  G ᵷḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶇᶍ ᶇ ᶎᴲḘḲᶷ ᶇ

ⱳ ᶱ ᵶᶅ ᵴᶫᶪ ᶊᶍᶞ↨ ᶆᵡᶪᵲᶇᵫ ᵴᶫᴲ ᶆ᷈ᴻ

ḏᶸḻ᷅ᵴᶫᵾ ḳᴻḉḻᶎḏḋḑḵḋ᷄ᵸᶪּס ᵫᵡᶩᶝᵸᴳ 
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ḷᴻ᷄᷅ḳᴻḟᶆᶍ  

 

ḷᴻ᷄᷅ḳᴻḟᶎᴲ ᵮᶍ ᶆ ᶍḟḵ᷅ḱḧḻ᷅ᴴḪḏḳ (ḁḴḋḏᶸḻ

᷅ᴴḛḳḏᶸḻ᷅ᴴḞḵḋ᷄ᶉᶈ) ᶍḇḁ᷄ᶍ ᶊ ᶅᵣᶝᵸᴳḇḁ᷄ᶎ

≥ᶍ ᶆ ᶆᵬᶝ  н(ḁ᷆Ḁḭᴻḱᴻᶊᶧᶂᶅ ᵴᶫᶝ )н  G 

ḇḁ᷄ᶆḦ᷿ḻᶱᶿᴻḘᴻ᷊Ḟḁ᷄ḱᶹḞ ᶊᵸᶪᵲᶇᶎּס ( ᶝᵶᵣ

ᶡᵡᶩᶝ )н ᶆᵸᵫᴲḇḁ᷄ᶍ᷅ḳᴻḟ ᶊḘḲᶷᶱ ᵸᶪᵲᶇᶎ

ᵮᶍ ᴲ ᶆᶎᵡᶩᶝᵺ  ɸ(᷈ḁḐᵫ ᶊ ᵪᶂᵾᶩᴲḁ᷆Ḁḭᴻḱ

ᴻᶇ ᵫᶉᵪᶂᵾᶩᵸᶪּס ᵫᵡᶪᵾ )fᴳḇḁ᷄ḡᴻḁᶍḟḵ᷅ḱ

ḧḻ᷅ᴴḪḏḳᶊ ᵶᶅᵣᶪ ᶎᴲḷᴻ᷄᷅ḳᴻḟᶱḏᴻḇ ḇḁ᷄

ᶇᵶᶅ ᵧᶪᶇ ᵣᵪᶡᵶᶫᶝᵺᶲ G

 

 

᷊Ḟ᷅ḳᴻḟ ( sub - group )  

 

ᵮᶍ ḗᴻḑᶻᶼᶷᴴḟḱḋḐḝᶾᴻḨᶆᶎᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ

᷊ḞḃḋḐᶆᵡᶪ᷊ Ḟ᷅ḳᴻḟᵫᴲ ᵬᶍḁ᷆ḀḭᴻḲḻ᷅ᶆ ᵴᶫᶝᵸᴳ

ᵾᶇᵧᶏᴲ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎᴲ᷈ḻḙᶹḱᴻᶍḡ᷄Ḑḳּטᶍ ᶇᵶוֹ

ᶅ ᵴᶫᶪּס ᵫᵡᶩᴲᶝᵾᴲ᷊Ḟ᷅ḳᴻḟ ᶎ ᵶᵾḗᴻḑᶻᶼ

ᶷᴴḁḴḋḑᶊḦḋḟᵴᶫᶅᵣᶪᵾᶠᴲ ᶉ ᶍ ᵬᶆ ᵴᶫᶪּס

ᶡᵡᶩᶝᵸ  G

 

╗ḟḱḋḐḝᶾᴻḨᶆ ᵸᶪ ᴲᵲᶫᶨᶍ Ḫḏḳᶊ ᵸᶪ ᶱ᷈ᴻ

ḑᶊ ᶞ ᶞᵾᵮᶉᶩᶝᵸᵫᴲ᷈ᴻḑᵫ ᶊ↨ ᶆᶉᵮᶉᶩᴲ┌ ᵫ ᶮᶫ

ᶝᵸᴳ│ᶉᶪ᷈ḻḙᶹḱᴻᶱ ᵸᶪ ᶣᴲ ᵷḡḻḈᴻᶍ│ᶉᶪ ᶍḗᴻḑ

ᶻᶼᶷᶱ ᵸᶪ ᶊᶡᴲ᷈ᴻḑᵫ ᵸᶪּס ᵫᵡᶩᶝᵸᴳ 

 

᷊Ḟ᷅ḳᴻḟᶱ ᶍ ᶇᵶᶅ ᵸᶪᶇᴲ ᶆḏḘᶹḁ ᶆᵡᶪᵲᶇᵫ

ᵸᶪּס ᶱּי ᵸᶪ ᶮᶩᶊᴲ↨ ᶉ ᵫ ᶨᶫᶝᵸᴳ᷊Ḟ᷅ḳᴻ

ḟ ᶱ ᵸᶪᵲᶇᶆᴲ Ḵḡḳ (ḗᴻḑᶻᶼᶷᶊ ᵣḴḡḳ) ᶆᶍḷᴻ᷄

ᶍ ᶱ ᵸᶪᵲᶇᶡּס ᶊᶉᶩᴲ ᵮᶍḟḱḋḐḝᶾᴻḨᶆ ᵣḴḡḳᶍḙḝ

ᶾᴻḦḻḁᶱ ᵸᶪ ᶇᶉᶩᶝᵸᴳ 
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ḷᴻ᷄᷅ḳᴻḟᶇ ᶊᴲ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎᴲ᷅ḳᴻḟ ᶇ᷅

ḳᴻḟᴴᶷḳ᷉ḲḂḨᶱ ᵶᶅ ᵶᵾᶩᴲḩḪḲᴻᶍ╗ ᶱ ᵶᵾᶩᴲ

ᶍ ḙḇᴻḻᶱ ᵶᵾᶩᶆᵬᶝᵸᴳᵾᵿᵶᴲ᷊Ḟ᷅ḳᴻḟᶊᶎḷᴻ᷄᷅ḳᴻḟ

ᶍḵᴻ᷀ḳḩḪḲᴻᶊ ᵸᶪᶡᶍᶎᵡᶩᶝᵺ ɸ(᷊Ḟ᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪ

Ḳᴻᶎ ᵶᶝᵺ )ɸᴳ ᶮᶩᶊᴲ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎᴲᴾ᷿ḫḋḝḳR 

ᶇ ᶏᶫᶪ᷅ḳᴻḟᴴᶷḳ᷉ḲḂḨᶍ᷊ḞḃḋḐᶱ ᵶᶅᴲ ᶉḩḪḲᴻ

ᶉᵶᶆ ḏᴻḇᶱ ᶆᵬᶝ  н(  9 )  G

 

ᶉᵻ᷿ḫḋḝḳ ?χ  
 

OpenCL CƎUDA SƎPIR -V ᶉᶈᶍ ᶍ᷿ḫḋḝḳ ᶎᵸᶘᶅᴲᵼᶍ

ᶊ sPhuffle  Rᶱ ᶲᶆᵣᶝ  н ( sֹub_group_shuffle _Ǝ_shfl ᴲ

OpGroupNonUniformShuffle )  G

SYCL ᶎ sƎtd::shuffle  ᶇᶍ ᶱ ᵰᶪᵾᶠ│ᶉᶪ ᶱ

ᵶᶅᵣᶝᵸ  G

 

 

᷊Ḟ᷅ḳᴻḟᶍᵣᵮᶃᵪᶍᶷḁḢ᷄Ḑᶎ ᶊᶧᶂᶅ ᵴᶫᴲ ᵾᶀᶍ

ᶊᵡᶩᶝᵸᴳᵾᵿᵶᴲ᷊Ḟ᷅ḳᴻḟᶎᴲḏḘᶹḁᴲ᷀ᴻḕḳᴲᵩᶧᶒ ND - range 

ᶍ ᶍ ᶞ ᶮᵺᶊ ᵶᶅ  (1 ) ᷊ᶹḂᶱ ᶀ kƎernel  ᷄ḱḁᶍ᷄ᶽ

Ḳᴻ ᶱ ᵶᶅ᷊ᶹḂᶱ ᶆᵬᶝ  н(  10 ᶇ  12 ᶱ )ᴳḏḝᶾ

ḳḐᶆᶎᴲ᷊Ḟ᷅ḳᴻḟᵡᵾᶩᶍḷᴻ᷄ ᶍ ᶡ ᶊᶧᶂᶅ ᵴᶫᶝᵸᴳ᷈

ḻḙᶹḳ ᶊ ᶍ᷊Ḟ᷅ḳᴻḟᴴ᷊ᶹḂᶱ ᵸᶪᵲᶇᶆᵲᶍ ᶱ ᶆᵬ

ᶝᵸᵫᴲ ᵸᶪ᷊Ḟ᷅ḳᴻḟᴴ᷊ᶹḂᶱḏḘᶹḁᵫ᷊ḥᴻḐᵸᶪᵲᶇᶱ ᵸᶪ

ᵫᵡᶩᶝᵸ  G 

 

ḷᴻ᷄᷅ḳᴻḟᶇ ᶊᴲ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎᴲ ᶍ ᶍ

ᶱ ᶃ ᶎᵡᶩᶝᵺᶲᴳ ᶆᶎᴲ᷊Ḟ᷅ḳᴻḟ ᶍ ḷᴻ᷄ ᶱ

ᶊ ᵶᴲ᷊Ḟ᷅ḳᴻḟᶍ ᶊ ᵶᵾ ᶊᶍᶞḷᴻ᷄ ᶱ ᶩ ᵧ

ᶪᵲᶇᵫᶆᵬᶝᵸᴳᵾᵿᵶᴲ╗ ᶍḏḘᶹḁᶆᶎᴲḷᴻ᷄᷅ḳᴻḟ ᶍᵸᶘᶅᶍ᷊

Ḟ᷅ḳᴻḟᵫ ᶊ ᵴᶫ  ᶅ( ᵸ )ᶅ ᵲᶇᵫ ᵴᶫᶅᵩᶩᴲᵲᶫᶎᵣ

ᵮᶃᵪᶍ ᶇ ḙḇᴻḻᶍ ᶇᶉᶩᶝᵸ G 
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ᵲᶫᶎ ᴲ ᶍ ᶆᵡᶪᵾᶠᴲ᷀ᴻḕḳᶱ┌ סּ ᶉ ᶊ ᶀᵾᵣ

ᶎᴲ᷊Ḟ᷅ḳᴻḟᶊ∟ ᵶᶅḷᴻ᷄ᶱ ᶠᶅᶎᶉᶩᶝᵺᶲᴳSYCL ᶍ ᶍ

ḘᴻḀḯḻᶆᶎᴲ᷊Ḟ᷅ḳᴻḟᶍ ᶱ ᵸᶪḏḘᶹḁ᷄ᶽḲᴻᵫ ≥ᵴᶫ

ᶪ ᶆᵸ  G 

 

ᶍḏḘᶹḁ ᵰᶍ᷀ᴻḕḳᶱ ᵸᶪ ᴲḷᴻ᷄ ᶇ᷊Ḟ᷅ḳᴻḟᶍ

ḦḋḜḻ᷅ᶎ ᶆᵡᶩᴲ᷈ᴻḑᶆᶎᵲᶍḦḋḜḻ᷅ᶍḟḵḙḎᶸᴻᶱ ᵶᶅḙ

ḝᶾᴻḦḻḁᶱ ᶆᵬᶪ ᵫᵡᶩᶝᵸᴳᵶᵪᵶᴲᶧᵮᵡᶪ ᶀᶎᴲ᷈ᴻḑᵫ 1 ᶃ

ᶍḏḘᶹḁᶆ ᵸᶪᵪᶨᶇᵣᶂᶅᴲᵸᶘᶅᶍḏḘᶹḁᶆᶡ ᶇ ᵸᶪᵲᶇᶆ

ᵸ  G  4 - 13  ᶇ 4 -14  ᶎ {Ǝ4, 4} ᶍ ∫ᶱ ᶃ ᷀ᴻḕḳ ᶍḷᴻ᷄

ᶱ᷊Ḟ᷅ḳᴻḟᶊḦḋḜḻ᷅ᵸ  ᶅ2 ᶃᶍ ᶱ ᵶᶅᵣᶝ  н(᷊Ḟ᷅ḳᴻḟᶍ

᷊ᶹḂᶎ 8) ᴳ  4 -13  ᶍḦḋḜḻ᷅ᶆᶎ 8 ᶃᶍḷᴻ᷄ ᶱ ᶟ᷊Ḟ᷅ḳᴻ

ḟᵫ 2 ᶃ ᵴᶫᶝᵸᵫᴲ  4 -14  ᶍḦḋḜḻ᷅ᶆᶎ 4 ᶃᶍḷᴻ᷄ ᶱ ᶟ

᷊Ḟ᷅ḳᴻḟᵫ 4 ᶃ ᵴᶫᶝᵸ  G 

 

 

 

 

 

 

 

 

 

 

 

 
 4 - 13.  ᷊Ḟ᷅ḳᴻḟᴴḦḋḜḻ᷅ᶍ 1 ᶃᶍּס ᶇᵶᶅᴲ᷊Ḟ᷅ḳᴻḟᴴ᷊ᶹḂᵫḷᴻ

᷄᷅ḳᴻḟᶍ ᶡ ᵣ  ( ) ᶍ ∫ᶧᶩᶡ ᵬᵮᶉᶪᵲᶇᵫ ᵴᶫᴲ᷊Ḟ᷅סּ

ḳᴻḟᵫ ᴾḱḋḟᶷḱᶻḻḑᴿ ᵸᶪᵲᶇᵫᵡᶩᶝ  н
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 4 - 14.  ᶡᵥ╗ᶃᶍּס ᶉ᷊Ḟ᷅ḳᴻḟᶍḦḋḜḻ᷅ᶆᶎᴲ᷊Ḟ᷅ḳᴻḟᶍ᷊ᶹḂᶎᴲ

ḷᴻ᷄᷅ḳᴻḟᶍ  ( ) ᶍ ᶍ ∫ᶱ ᵧᶪᵲᶇᶎᶆᵬᶝᵺ  ɸ

 

SYCL ᶎ ᴲḷᴻ᷄ ᵫ᷊Ḟ᷅ḳᴻḟᶊᶈᶍᶧᵥᶊḦḋḜḻ᷅ᵴᶫᶅᵣᶪ

ᵪ ᵸᶪ ᶣᴲ ᶍḦḋḜḻ᷅ᶱ ᵸᶪḩ᷀ḓḂḨᶱ ᵶᶅᵣᶝᵺᶲᴳ

᷊Ḟ᷅ḳᴻḟᶱ ᵶᶅ┌ סּ ᶉ᷈ᴻḑᶱ ᵸᶪ ᶍ ᶎ1Ǝ ᶍḷ

ᴻ᷄᷅ḳᴻḟᶱ ᵸᶪᵪᴲ ᶡ ᵣ ᶍ ᵫ᷀ᴻḕḳᶆ ᶉ᷊Ḟ᷅ḳᴻ

ḟᴴ᷊ᶹḂᶆ ᶩ ᶫᶪ ᶍḷᴻ᷄᷅ḳᴻḟᶱ ᵸᶪᵲᶇᶆᵸᴳ 

 

᷊Ḟ᷅ḳᴻḟᶆᶍ  
 

ᶉḡ᷄Ḑḳּטᶱ ᵸᶪḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶱ ᵸᶪ ᴲ

᷊Ḟ᷅ḳᴻḟ  ɵSIMD ḴḀḁḇᴻᶊḙḋ᷄ᵴᶫᵾḷᴻ᷄ ᶍḃḋḐᶇᵶ

ᶅ ᵧᴲ᷊Ḟ᷅ḳᴻḟ ᶍ ḷᴻ᷄ ᵫ SIMD Ḵᴻḻᶊ ꞌᵸᶪᶇ ᵧ

ᶪᶇ ᶆᵸᴳ ᶍ᷊Ḟ᷅ḳᴻḟᵫ ᶊ ᵴᶫᴲḏḘᶹḁᵫᵼᶫᶨᶍ

᷊Ḟ᷅ḳᴻḟᵫ ᶱ ᵶᶅᵣᶪ ᴲᵲᶍḩḻḇḳḪḏḳᶎᴲ ᷊

Ḟ᷅ḳᴻḟᵫ ᶊ ᵴᶫᶪ ᶍḡ᷄Ḑḳ ᶍḁḐḲᴻḨᶆᵡᶪᵪ

ᶍᶧᵥᶊ ᵴᶫᶝᵸ  G
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ᶉ ND - Range ḏᴻḇ ᷀ᴻḕḳᶱ  

 
range  global{N, N};  

range  local{B, B};  

h. parallel_for ( nd_range {global, local},  

 [=]( nd_item <2> it ) {  

 int  j = it . get_global_id ( 0);  

 int  i = it . get_global_id ( 1);  

 

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

 c[j][i] += a[j][k] * b[k][i];  

 }  

 });  

 
 4 - 15.  ND - range parallel_for ᶱ ᵶᵾ ᶉ ᷀ᴻḕḳᶍ  

 

 4 -15  ᶎ NƎD - range ᷀ᴻḕḳ ᶱ ᵶᶅᴲ ᶍ ᷀ᴻ

ḕḳᶱ ᵶᶅᵩᶩᴲ  4 -16  ᶍ ᶎᴲᵲᶍ᷀ᴻḕḳᶍḷᴻ᷄ᵫ ḷᴻ᷄᷅ḳᴻ

ḟ ᶍḷᴻ᷄ ᶊᶈᶍᶧᵥᶊḦḋḜḻ᷅ᵴᶫᶪᵪᶱ ᵶᶅᵣᶝᵸᴳᵲᶍᶧᵥᶊḷ

ᴻ᷄ ᶱ᷅ḳᴻḟּטᵸᶪᶇᴲᶷ᷄ḃḁᶍ ᵫ ᵴᶫᴲ᷂ḫḋ᷿ḭᶍḚḋḐ

ᵫ ᶆᵬᶝᵸᴳᵾᶇᵧᶏ  Ǝ4 - 16  ᶍḷᴻ᷄᷅ḳᴻḟᶎḵᴻ᷀ḳ ∫ᵫ (4, 

4) ᶆ 1Ǝ6 ᶍḷᴻ᷄ ᶱ ᶞᶝᵸᵫᴲ ╗ᶍḷᴻ᷄ ᶍ 4 ᶍḏᴻḇᵶᵪ

ᶷ᷄ḃḁᵶᶝᵺᶲᴳᶃᶝᶩᴲḩḪḲᴻᵪᶨḵᴻḑᵴᶫᵾ ᶎ 4 ᶆᵬᶝᵸ  G

 

 

 

 

 

 

 

 

 

 
 4 - 16.  ᶱḷᴻ᷄᷅ḳᴻḟᶇḷᴻ᷄ ᶊḦḋḜḻ ᷅
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ᵲᶫᶝᶆᶍ ᶍ ᶆᶎᴲ ᵷḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᵪᶨᶍ A 

ᶇ B ᶗᶍ ᶩ ᵶᶷ᷄ḃḁᶱ ∟ᵸᶪᶍᶎḗᴻḑᶻᶼᶷᴴ᷂ḫḋ᷿ḭᶊטּ

ᵶᶅᵬᶝᵶᵾᴳᵲᶍᶧᵥᶉḗᴻḑᶻᶼᶷᴴ᷂ḫḋ᷿ḭᶎᴲ ᶍ CPU ᶷᴻ᷂Ḏ᷄

ḉḫᴻᶆᶎ╗ ᶆᵡᶩ GƎPU ᶷᴻ᷂Ḏ᷄ḉḫᴻᶆᶡ╗ ᶊᶉᶩᶃᶃᵡᶩᶝᵸ

ᵫᴲᵣᵮᶃᵪᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶆᶎᴲᶧᶩ ᵣḙḝᶾᴻḦḻḁ (ᵾᶇᵧᶏᴲ Ḵᶹ

Ḏḻ᷿ )ᴻ ᶱ ᶆᵬᶪ ᶊ ᵴᶫ  ᶅᴾḁ᷄ḱḋḉḙḋḑᴿ ḩḪḲᴻᵫ

ᵴᶫᶅᵣᶝᵸ NGD - range ᷀ᴻḕḳᶎᴲḵᴻ᷀ḳᶷ᷄ḃ᷊ᴻᶱ ᵶᶅᴲḷᴻ᷄᷅

ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻᶊ ᵸᶪ ᶩ ᶅᶱ ᶆᵬᶝᵸᴳᵼᶍ ᴲ ᶆ

ᶎᴲᵲᶫᶨᶍ ᶩ ᶅᶱ ᶉḩḪḲ ᴻ ( ᵸᶪ ) ᶊ ᶊḦḋḟᶆᵬᶝᵸᴳ

ᵲᶍḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶍ ᶊᶃᵣᶅᶎᴲ 9 ᶆ ᵶᶝ

ᵸ  G

 

ᶉ ND - Range ḏᴻḇ ᷀ᴻḕḳᶍ  

 

ND - range ḏᴻḇ ᷀ᴻḕḳᶎᴲ ḏᴻḇ ᷀ᴻḕḳᶇᶎ│ᶉᶪ᷄ḱḁ

ᶱ ᵶᶝᵸᴳ ∫ ( range ) ᶎ nd_range ᶊ ᵬ ᵧᶨᶫᴲ  ( item ) ᶎ 

nd_item  ᶊ ᵬ ᵧᶨᶫᶝᵸᴳᶝᵾᴲḷᴻ᷄ ᵫ ᵸᶪᵴᶝᵵᶝᶉ ᶍ᷅ḳ

ᴻḟᶱ  н2 ᶃᶍ ᵶᵣ᷄ḱḁᶡᵡᶩᶝᵸᴳḷᴻ᷄᷅ḳᴻḟᶊ ᵰᶨᶫᵾ

ᶎ group  ᷄ḱḁᶊ᷀ḟḃḳּטᵴᶫᴲ᷊Ḟ᷅ḳᴻḟᶊ ᵰᶨᶫᵾ ᶎ 

sub_group  ᷄ḱḁᶊ᷀ḟḃḳּטᵴᶫᶝᵸ G

 

nd_range  ᷄ḱḁ 

 

nd_range  ᶎᴲ ∫᷄ḱḁᶍ 2 ᶃᶍᶹḻḁḇḻḁᶱ ᵶᶅ᷅ḳᴻḟּטᵴᶫᵾ

∫ᶱ ᵶᶝᵸ 1G ᶃᶎ᷅ḵᴻḘḳ ∫ᶱ ᵶᴲᶡ  v1 ᶃᶎ ḷᴻ᷄᷅ḳ

ᴻḟᶍḵᴻ᷀ḳ ∫ᶱ ᵶᶝᵸnGd_range  ᷄ḱḁᶍ ᵴᶫᵾטּ ᶱ  

4 -17  ᶊ ᵶᶝᵸ  G

 

nd_range  ᷄ḱḁᵫ᷊Ḟ᷅ḳᴻḟᶊᶃᵣᶅᶝᶂᵾᵮ ᶫᶅᵣᶉᵣᵲᶇᶎ ᵶ≥

ᵪᶡᵶᶫᶝᵺᶲᴳ᷊Ḟ᷅ḳᴻḟᶍ ∫ᶎ ᶊ ᵴᶫᵹᴲ ᵸᶪᵲᶇᶡ

ᶆᵬᶝᵺᶲᴳᵲᶫᶊᶎ 2 ᶃᶍ ᵫᵡᶩᶝᵸᶝᵸᴳᶝᵹᴲ᷊Ḟ᷅ḳᴻḟᶎᴲ ᵮᶍ

᷀ᴻḕḳᶆᶎ ᶆᵬᶪ Ḵḡḳᶍ ᶆᵸ G 
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2 ᶊᴲ ᶊ 1 ᶃᶍ ᶉ᷊Ḟ᷅ḳᴻḟᴴ᷊ᶹḂᶱ᷊ḥᴻḐᵸᶪḏḘᶹḁᵫᵣ

ᵮᶃᵪᵡᶩᴲᵲᶍ᷊ᶹḂᶱᵡᶨᶥᶪ ᶆ ᵸᶪᶇ ᶊᶉᶩᶝᵸᴳ  

᷊Ḟ᷅ḳᴻḟᶊ ᵸᶪᵸᶘᶅᶍ ᶎᴲ ᶚᶈ ᵸᶪ ᷄ḱḁᶊ᷀ḟḃḳ

ᵴᶫᶝᵸטּ  G

 
template  <int Dimensions  = 1>  

class  nd_range  {  

public:  

 // ᷅ḵᴻḘḳ ∫ᶇḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳ ∫ᵪᶨ 

 // nd_range ᶱ  

 nd_range ( range <Dimensions > global ,  

          range <Dimensions > local );  

 

 // ᷅ḵᴻḘḳᶇḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳ ∫ᶱ  н  

 range <Dimensions > get_global_range () const ;  

 range <Dimensions > get_local_range () const ;  

 

 // ᷅ḵᴻḘḳ ∫ ᶍḷᴻ᷄᷅ḳᴻḟ ᶱ  н  

 range <Dimensions > get_group_range () const ;  

};  

 
 4 - 17.  nd_range ᷄ḱḁᶍ ᵴᶫᵾטּ  

 

nd_item  ᷄ḱḁ 

 

nd_item  ᶎ ᶍ ND - range ᶆᵡᶩᴲ᷀ᴻḕḳᶍ ∫ᶇᵼᶍ ∫

ᶍ ᶍᶹḻḏḋ᷄ḁᶱ᷀ḟḃḳּטᵶᶝᵸᴳnd_item  ᵫ item  ᶇ│ᶉᶪᶍᶎᴲ  

4 -18  ᶍ᷄ḱḁ ᶊ ᵴᶫᶅᵣᶪᶧᵥᶊᴲ ∫ ᶆᶍ∞ ᶱ ᵶᶅ ᵸᶪ

ᶆᵸᴳᵾᶇᵧᶏgƎet_global_id()  ᶱ ᵶᶅ (᷅ḵᴻḘḳ) ND -

range ᶍ ᶍᶹḻḏḋ᷄ḁᶱ ᵶᵾᶩgƎet_local_id()  ᶱ ᵶ

ᶅ (ḵᴻ᷀ḳ) ḷᴻ᷄᷅ḳᴻḟ ᶍ ᶍᶹḻḏḋ᷄ḁᶱ ᵶᵾᶩᶆᵬᶝᵸᴳ 

 

nd_item  ᷄ḱḁᶎᴲ ᵫ ᵸᶪ᷅ḳᴻḟᶇ᷊Ḟ᷅ḳᴻḟᶱ ᵸᶪ᷄ḱḁᶗ

ᶍḗḻḑḳᶱ ᵸᶪ ᶡ ᵶᶝᵸᴳᵲᶫᶨᶍ᷄ḱḁᶎᴲND - range ᶍ

ᶍᶹḻḏḋ᷄ḁᶱ ᵸᶪ ᶹḻḇᴻḝᶼᶹḁᶡ ᵶᶝᵸᴳ 
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template  <int Dimensions  = 1>  

class  range  {  

public:  

 // ᷀ᴻḕḳᶍ ∫ ᶍᵲᶍ ᶍ 

  // ᶹḻḏḋ᷄ḁᶱ ᵶᶝ  н

 id <Dimensions > get_global_id () const ;  

 size_t  get_global_id ( int  dimension ) const ;  

 size_t  get_global_linear_id () const ;  

 

 // ᵲᶍ ᶊᶧᶂᶅ ᵴᶫᶪ᷀ᴻḕḳᶍ ∫ᶱ ᵶᶝ  н  

  // ∫ᶱ ᵶᶝ  н

 range <Dimensions > get_global_range () const ;  

 size_t  get_global_range ( int  dimension ) const ;  

 

 // ḷᴻ᷄᷅ḳᴻḟ ᶍᵲᶍ ᶍ 

 // ᶹḻḏḋ᷄ḁᶱ ᵶᶝ  н

 id <Dimensions > get_local_id () const ;  

 size_t  get_local_id ( int  dimension ) const ;  

 size_t  get_local_linear_id () const ;  

 

 // ᵲᶍ ᶍ ḷᴻ᷄᷅ḳᴻḟᶍ 

 // ∫ᶱ ᵶᶝ  н

 range <Dimensions > get_local_range () const ;  

 size_t  get_local_range ( int  dimension ) const ;  

 

 // ᵲᶍ ᶱ ᶟḷᴻ᷄᷅ḳᴻḟᶝᵾᶎ  

 // ᷊Ḟ᷅ḳᴻḟᶗᶍḗḻḑḳᶱ ᵶᶝ  н  

 group <Dimensions > get_group () const ;  

 sub_group  get_sub_group () const ;  

};  

 
 4 - 18.  nd_item ᷄ḱḁᶍ ᵴᶫᵾטּ  

 

group  ᷄ḱḁ 

 

᷅ḳᴻḟ᷄ḱḁᶎᴲḷᴻ᷄᷅ḳᴻḟᶊ ᵸᶪᵸᶘᶅᶍ ᶱ᷀ḟḃḳּטᵶᶅᵩ

ᶩᴲ ᵴᶫᵾטּ ᶱ  4 -19  ᶊ ᵶᶝᵸ  G
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template  <int Dimensions  = 1>  

class  group  {  

public:  

 // ᷀ᴻḕḳᶍ ∫ ᶍ᷅ḳᴻḟᶍ 

 // ᶹḻḏḋ᷄ḁᶱ ᵶᶝ  н

 id <Dimensions > get_id () const ;  

 size_t  get_id ( int  dimension ) const ;  

 size_t  get_linear_id () const ;  

 

 // ᷀ᴻḕḳᶍ ∫ ᶍ᷅ḳᴻḟᶍ 

 // ᶱ ᵶᶝ  н

 range <Dimensions > get_group_range () const ;  

 size_t  get_group_range ( int  dimension ) const ;  

 

 // ᵲᶍ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶱ ᵶᶝ  н  

 range <Dimensions > get_local_range () const ;  

 size_t  get_local_range ( int  dimension ) const ;  

};  

 
 4 - 19.  group ᷄ḱḁᶍ ᵴᶫᵾטּ  

 

group  ᷄ḱḁᵫ ᵸᶪ ᶍ ᵮᶎnƎd_item  ᷄ḱḁᶊ ᶍ ᵫᵡᶩ

ᶝᵸᴳᵾᶇᵧᶏgƎroup.get_group_id()  ᶍ ᶒ ᵶᶎ 

item.get_group_id()  ᶍ ᶒ ᵶᶇ ᶆᵡᶩᴲ

group.get_local_range()  ᶍ ᶒ ᵶᶎ item.get_local_range()  ᶍ

ᶒ ᵶᶇ ᶆᵸᴳ᷅ḳᴻḟ ᶣᶷḳ᷉ḲḂḨᶱ ᵶᶅᵣᶉᵣ ᶆᶡᴲ

group  ᷄ḱḁᶱ ᵸᶪ ᵫᵡᶪᶆᵶᶦᵥχ? ᷅ḳᴻḟᴴᶿḞḀᶼ᷄Ḑᶱ

ᵸᶪᶍᶆᶎᶉᵮ nƎd_item  ᶍ ᶱ ᵸᶪ ᵫ ᶆᶎᶉᵣᶆᵶᶦᵥᵪᴳ

ᵲᶫᶊᶎḐḴᴻḑᶿḝᵫᵡᶩᶝᵸᴳ᷅ḳᴻḟᶱ ᵸᶪᶇ ᵶ ᵮᶍ᷈ᴻḑᶱ

ᵸᶪ ᵫᵡᶩᶝᵸᵫᴲᵼᶍ᷈ᴻḑᶍּס ᶎ ᵶᶝᵸᵾGᶇᵧᶏᴲ  4 -20  ᶍ

᷈ᴻḑᶱ ᵧᶅᶞᶝᵶᶦᵥbGody  ᶎ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶊᶧᶂᶅ

ᶒ ᵴᶫᶪᵲᶇᶎ ᶨᵪᶆᵡᶩ pƎarallel_for  ᶍ ᶆ 

get_local_range()  ᵪᶨ ᵴᶫᶪ ∫ᶎ᷅ḳᴻḟᶍ ∫ᶆᵡᶪᵲᶇᶎ ᶨᵪ

ᶆᵸ nGd_item  ᶍᶞᶱ ᵶᶅ ᵷ᷈ᴻḑᶱ ᶊ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᵫᴲ

ᵶᶊᵮᵮᶉᶪּס ᵫᵡᶩᶝᵸ G
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void  body ( group&  g);  

 

h. parallel_for ( nd_range {global, local}, [=]( nd_item <1> it ) {  

 group <1> g = it . get_group ();  

 range <1> r = g. get_local_range ();  

 ...  

 body (g);  

});  

 
 4 - 20.  group ᷄ḱḁᶱ ᵶᶅ ᶞᶣᵸᵴᶱ  

 

group  ᷄ḱḁᶊᶧᶂᶅ ᶊᶉᶪᶡ  v1 ᶃᶍ ᶉᶿḟ᷿ḯḻᶎᴲḎḻḟḴᴻ

Ḑ╥ ᶱ ᵶᶅ ≥ᶍḇᶹḟᶍ᷅ḳᴻḟᶱ ᵰ ᶫᶪ ᷅ḳᴻḟ ᶱ ᶆ

ᵬᶪᵲᶇᶆᵸ SGYCL ᶎ (ᶝᵿ) ᶍ᷅ḳᴻḟ ᴾ  R(C++20 ᶍ≥ ᶆ) 

ᶱ ᵶᶅᵣᶝᵺᶲᵫ gƎroup  ᷄ḱḁᶇ sub_group  ᷄ḱḁᶎ ᶍᶹḻḇᴻḝ

ᶼᶹḁᶱ ᵶsƎycl::is_group_v  ᶉᶈᶍ ᶱ ᵶᶅḎḻḟḴᴻḐּטᵴ

ᶫᵾ SYCL ᶱ ᵸᶪᵲᶇᵫᶆᵬᶝᵸᴳ ᴲᵲᶍ ᶉ᷈ᴻḏᶸḻ᷅

ᶍ ᶉ ᶎᴲ ≥ᶍ ᶍ ᶱ ᶃḷᴻ᷄᷅ḳᴻḟᶱ᷊ḥᴻḐᶆᵬᶪᵲᶇᶇᴲ

ᶍ ᶒ ᵶ ᶆ ᵫḷᴻ᷄ᶱḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶊ ᵸᶪᵪᴲ

᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶊ ᵸᶪᵪ ᶆᵬᶪᵲᶇᶆᵸᴳ  

ᵾᵿᵶ SƎYCL ᷅ḳᴻḟᴴᶹḻḇᴻḝᶼᶹḁᶍ ᶎ סּ ᶆᵡᶩᴲSYCL ᶍ

ᶍḘᴻḀḯḻᶆᶎᴲᵴᶝᵵᶝᶉḷᴻ᷄ ᶍ᷅ḳᴻḟᶱ ᵸ᷄ḱḁᵫᵴᶨᶊ ᵮ

ᵸᶪᵲᶇᵫ ᵴᶫᶝᵸ  G 

 

sub_group  ᷄ḱḁ 

 

sub_group  ᷄ḱḁᶎ᷊Ḟ᷅ḳᴻḟᶊ ᵸᶪᵸᶘᶅᶍ ᶱ᷀ḟḃḳּטᵶᶅᵩ

ᶩᴲ ᵴᶫᵾטּ ᶱ  4 -21  ᶊ ᵶᶝᵸᴳḷᴻ᷄᷅ḳᴻḟᶇᶎ│ᶉᶩᴲ

sub_group  ᷄ḱḁᶎ᷊Ḟ᷅ḳᴻḟᶍ ᶊᶷ᷄ḃḁᵸᶪ ╗ᶍ ᶆᵸᴳᵼᶍ

ᶎ nd_item  ᶇᶎ ᵶᶝᵺᶲ  G

 

 

 

 

 

 

 



 

 

127  

 

 
class  sub_group  {  

 public:  

 // ᷊Ḟ᷅ḳᴻḟᶍᶹḻḏḋ᷄ḁᶱ ᵸᵶᶝ н  

 id <1> get_group_id () const ;  

 

 // ᵲᶍ ᶍ ḷᴻ᷄᷅ḳᴻḟᶍ 

 // ᷊Ḟ᷅ḳᴻḟᶍ ᶱ ᵶᶝ  н

 range <1> get_group_range () const ;  

 

 // ᵲᶍ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍᶹḻḏḋ᷄ḁᶱ ᵶᶝᵸ  

 id <1> get_local_id () const ;  

 

 // ᵲᶍ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶱ ᵶᶝ  н  

 range <1> get_local_range () const ;  

 

 // ᵲᶍ ᶍ ḷᴻ᷄᷅ḳᴻḟ ᶍ 

 // ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶱ ᵶᶝ  н  

 range <1> get_max_local_range () const ;  

};  

 
 4 - 21.  sub_group ᷄ḱḁᶍ ᵴᶫᵾטּ  

 

ᶍ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶇᴲḷᴻ᷄᷅ḳᴻḟ ᶍ ≥ᶍ᷊Ḟ᷅

ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶱ ᵸᶪ ᶍ ᵫᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿ

ᵴᵣᴳᵲᶫᶨᵫᶈᶍᶧᵥᶊ│ᶉᶪᵪᶎᴲ ᶍḏḘᶹḁᶊ ᵶᶅ᷊Ḟ᷅ḳᴻḟᵫ

ᶊᶈᶍᶧᵥᶊ ᵴᶫᶪᵪᶊᶧᶂᶅ│ᶉᶩᶝᵸᵫᴲᵼᶍ ᶎᴲ᷈ḻḙᶹḱᴻᵫ

ᶇᵸᶪ᷊Ḟ᷅ḳᴻḟᴴ᷊ᶹḂᶇḱḻḇᶹḨᴴ᷊Ḟ᷅ḳᴻḟᴴ᷊ᶹḂᶍ┴ᵣᶱ ☿

ᵸᶪᵲᶇᶆᵸ  Gᵾᶇᵧᶏᴲ ᶊ ᵴᶉḷᴻ᷄᷅ḳᴻḟᶊᶎᴲ᷈ḻḙᶹḳ ᶍ᷊Ḟ

᷅ḳᴻḟᴴ᷊ᶹḂᶧᶩᶡ ᶉᵣḷᴻ᷄ ᵫ ᶝᶫᶪ ᵫᵡᶩᶝᵸᴳᶝᵾᴲ│ᶉ

ᶪ᷊ᶹḂᶍ᷊Ḟ᷅ḳᴻḟᶱ ᵶᶅᴲ᷊Ḟ᷅ḳᴻḟᴴ᷊ᶹḂᶆ ᶩ ᶫᶉᵣḷᴻ᷄

᷅ḳᴻḟᶇ ᶱ ᵸᶪ ᶡᵡᶩᶝᵸ G

 

 

ᶱḷᴻ᷄ ᶗḦḋḜḻ  ᷅
 

ᵲᶫᶝᶆᶍ᷈ᴻḑ ᶍᶚᶇᶲᶈᶎᴲ᷀ᴻḕḳ ᶍ ᶹḻḁḇḻḁᵫ 1 ᶃᶍḏᴻḇ

ᶊ ᵶᶅ 1 ᶃᶍ ᶊ ꞌᵸᶪᵲᶇᶱ ᶇᵶᶅᵣᶝᵶᵾᴳᵲᶫᶎ᷀ᴻḕḳᶱ

ᵸᶪ ᶉ ᶆᵸᵫᴲᵲᶍᶧᵥᶉ 1  1 ᶍḦḋḜḻ᷅ᶎ SYCL ᶝᵾᶎ᷀ᴻ

ḕḳ ᶊᶧᶂᶅ ᵴᶫᶝᵺᶲ  G 
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·ᶍḷᴻ᷄ ᶗᶍḏᴻḇ (ᵩᶧᶒ ) ᶍ ᶩ ᶅᶱ ᶊ ᶊ ᶆᵬᴲ

ᵲᶍ ᶩ ᶅᶍḙḱḩᴻḇᴻּטᶱּס ᶊᵸᶪᶇᴲḙḝᶾᴻḦḻḁᶍ┌ ᶱ

ᵴᵺᶪᶍᶊ וֹ ᶆᵸ  G

 

1  1 ḦḋḜḻ  ᷅

 

ḷᴻ᷄ᶇḷᴻ᷄ ᵫ 1  1 ᶆḦḋḜḻ᷅ᵴᶫᶪᶧᵥᶊ᷀ᴻḕḳᶱ ᵸᶪ

ᴲᵼᶫᶨᶍ᷀ᴻḕḳᶎ ᶊᴲ ᵸᶪḷᴻ᷄ ᶇ ᶊ╗ ᵸᶪ᷊ᶹḂᶍ ∫ᴲ

ᶝᵾᶎ nd_range  ᶱ ᵶᶅ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶎ᷀ᴻḕḳᶱ ᵸ

ᶪ ᶡ ᶉ ᶆᵡᶩᴲ ᵮᶍ ᵥᶝᵮ ᵶᶝᵸᴳ ᵫḷᴻ᷄ ᶱḗᴻ

ḑᶻᶼᶷᶊ ᶊḦḋḜḻ᷅ᵸᶪᵲᶇᶱ ᶆᵬᶝᵸᴳ 

 

ᵾᵿᵶᴲ ᶍ᷿ḁḎḨᶇ ᶍ ᶞ ᶮᵺᶆḙḝᶾᴻḦḻḁᶱḉḭᴻḓḻ᷅ᵸ

ᶪ ᴲ Ḵḡḳᶍḁ᷆ḀḭᴻḲḻ᷅ ᶊ ≥ᶱ ᵥ ᵫᵡᶩᶝᵸᴳ Ḳḅ

ᴻḁᶗᶍḷᴻ᷄᷅ḳᴻḟᶍḁ᷆Ḁḭᴻḳᶎ ᶆᵡᶩᴲ ᶆᵡᶪּס ᵫ

ᵡᶩᶝ  н(ᶃᶝᶩᴲ Ḳḅᴻḁᵫ 1 ᶃᶍḷᴻ᷄᷅ḳᴻḟᶱ ᵸᶪᶇᴲ ᶊ

ᵸᶪḷᴻ᷄᷅ḳᴻḟᶎ ᷂ḭᴻᵪᶨ ᵴᶫᶪ ᵫᵡᶩᶝ)нᴳ ḁ᷆Ḁḭ

ᴻḳᵫḙḝᶾᴻḦḻḁᶊ ᵧᶪ☼ ᶎ╗ ᶆᶎᶉᵮᴲᵼᶍ ᶎᴲ᷀ᴻḕḳ

ᶍ ᶹḻḁḇḻḁᶍ ᶣᴲḁ᷆ḀḭᴻḳᵫḅḝḐᶻᶼᶷ (CPU ᶉᶈ) ᶆ

ᵴᶫᶅᵣᶪᵪḗᴻḑᶻᶼ  ʊ(GPU ᶉᶈ) ᶆ ᵴᶫᶅᵣᶪᵪᶉᶈᶍ ╣ᶊᶧᶂ

ᶅ│ᶉᶩᶝᵸ  G

 

 1 ḦḋḜḻ  ᷅

 

∏ᶇᵶᶅᶎᴲḷᴻ᷄ᶇḷᴻ᷄ ᶱ  1 ᶆḦḋḜḻ᷅ᵸᶪ᷀ᴻḕḳᶱ

ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶍ ᴲ ∫ᶍ≥ ᶎ ᶊ ᶮᶩᶝᵸᴳ ∫ᶎᴲ ᵴ

ᶫᶪḷᴻ᷄ ᶆᶎᶉᵮᴲḷᴻ᷀ᴻᶍ ᶱ ᵸᶧᵥᶊᶉᶩᶝᵸᴳḷᴻ᷀ᴻᶍ ᶇ ḷ

ᴻ᷀ᴻᶊ ᶩ ᶅᶨᶫᶪḷᴻ᷄ ᶱ ᵸᶪᵲᶇᶆᴲḷᴻ᷄ᶍ ᶱ ᵶᴲḙ

ḝᶾᴻḦḻḁᶱ ᶆᵬᶝᵸ Gטּ
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ᵲᶍ ᶍ᷀ᴻḕḳᶱ ᵸᶪᶊᶎᴲ ᶍ 2 ᶃᶍ ᵫ ᶆᵸ  G

 

1.  ᷀ᴻḕḳᶎᴲḷᴻ᷄ᶍ ᶱ ᵸᶪḙḱḩᴻḇᴻᶱ ᵰ ᶫᶪ

ᵫᵡᶩᶝᵸ  G

 

2.  ᷀ᴻḕḳᶊᶎᴲḷᴻ᷄ᶱḷᴻ᷄ ᶊ ᶩ ᶅᶪḳᴻḟᵫ ᶝᶫᶅ

ᵣᶪ ᵫᵡᶩᶝᵸ  G

 

ᵲᶍᶧᵥᶉ᷀ᴻḕḳᶍ ᶉ ᶱ  4 -22  ᶊ ᵶᶝᵸᴳ᷀ ᴻḕḳ ᶍḳᴻḟᵫ

ᵶ ᶮᶂᶅᵣᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ ᶹḻḏḋ᷄ḁᶎ᷅ḵᴻḘḳ ∫

ᶍḷᴻ᷄ ᶍᶹḻḏḋ᷄ḁᶆᵡᶩᴲḁḐḱᶹḑᶎḷᴻ᷄ ᶍ ᶆᵸᴳḷᴻ᷄

ᶗᶍḏᴻḇᶍḱᶻḻḑḵḛḻH ḁ᷆Ḁḭᴻḳᶊᶧᶩᴲḳᴻḟᶍ N ᶍ ᵸᶘ

ᶅᵫḷᴻ᷄ ᶊᶧᶂᶅ ᵴᶫᶪᵲᶇᵫ ᵴᶫᶪᵿᵰᶆᶉᵮᴲ ḷᴻ᷄

ᵫ ᵶᵾḩḪḲᴻ∞ ᶊᶷ᷄ḃḁᵸᶪᵲᶇᶡ ᵴᶫᶝᵸ (᷂ḫḋ᷿ḭᶍ

ᶇḡ᷄Ḑḳּטᶍ ᶱ ᵸᶪᵾ )f ḷGᴻ᷄ᶱ᷅ḳᴻḟ ᶝᵾᶎ ·ᶍ᷅ḳᴻ

ḟ ᶍḷᴻ᷄ ᶊ ᶊ ᵶᶅᴲ ᶱᵴᶨᶊ ᶆᵬᶝᵸᴳ 

 
size_t  N = ...;  

size_t  W = ...;  
// ḷᴻ᷄  

// ḷᴻ᷀ᴻ  

h. parallel_for ( range {W},  [=]( item <1> it ) {  

  for  ( int  i = it . get_id ()[ 0]; i < N;  

i += it . get_range ()[ 0]) {  

 output [i] = function ( input [i]);  

 }  

});  

 
 4 - 22.  ḏᴻḇ ∫ᶇ ∫ᵫ ᵴᶫᵾ᷀ᴻḕḳ 

 

ᵲᶍᶧᵥᶉḷᴻ᷄ ḙḇᴻḻᶎ╗ ᶆᵡᶩSƎYCL ᶍ ᶍḘᴻḀḯḻᶆ

ᶎ ND -range ᷀ᴻḕḳᶆᶍḷᴻ᷄ ᶍ ᶱ ᵸᶪטּ ᵫ ᵴᶫᶪ

ᶆᵸ  G
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᷀ᴻḕḳ ᶍ  
 

│ᶉᶪ᷀ᴻḕḳ ᶍ ᶎ ᶊ ᶍ ᶞᶍ ᶆᵡᶩᴲ ᶍ ḟḵ᷅ḱḧ

ḻ᷅ᴴḪḏḳᶣ ᶊ ᵸᶪ ᶍ ᶊ☼ ᵴᶫᶝᵸᴳ 

 

ᶍ᷀ᴻḕḳ ᶱ ᵸᶪᶡ  v1 ᶃᶍ ᶉ ᶎᴲ᷀ᴻḕḳᵫ ᶇᵸᶪ

ᶍ ᶱ ᶆᵬᶪ ╗ᶍ ᶆᵡᶪᵾᶠᶆᵸᴳ ᶉᵫᶨᴲ ᶱ ᶠᶪ

ᶊᶈᶍ ᵫ ᶆᵡᶪᵪ ᵸᶪᶍᶎ ᵶᵣ ᵫᵡᶩᶝᵸᴳ ᶊᴲᵴᶝᵵ

ᶝᶉ᷀ᴻḕḳ ᶇ᷄ḱḁᶇᶍ ᶊᶝᵿ ᶫᶅᵣᶉᵣ ᶎ ᶆᵸᴳ 

 

ᵾᶀᶎᴲᵲᶍ ᶉ ᶱḒḛ᷇ᴻḐᵸᶪᵾᶠᴲ ᵾᶀ ᶍ ᶊ ᶄᵣ

ᵾ 2 ᶃᶍ᷁ᶹḑᶱ ≥ᵶᶝᵶᵾᴳᵲᶍ᷁ᶹḑᶎᴲ ᶍ ∏ᶇᵶᶅ ᵧᶪᶘᵬ

ᶡᶍᶆᵡᶩᴲ ᵶᶅ ᵾᶀᶍ ᶊ ᶮᶪᶡᶍᶆᶎᵡᶩᶝᵺᶲᴳᵴᶝᵵᶝᶉ᷀ᴻḕ

ḳ ᶍ ᵪᶨ ᵸᶪ ᶍ ᶎᴲᵼᶫᵽᶫᶍ ᶱ ᶱᵪᵰᶅ ᵶᴲᶈ

ᶍ ᵫᶷḟḲ᷆ᴻ᷿ḯḻᶇ ḁḇᶹḳᶊ ᶡ ᵶᶅᵣᶪᵪᶱ ᶪᵲᶇᶆᵸᴳ  

 

ᶍ᷁ᶹḑᶎ  4 -23  ᶍḝḵᴻḉḫᴻḐᶆᵡᶩᴲᵲᶫᶊ ᶄᵣᶅ᷀ᴻḕḳ

ᶱ ᵶᶝ :н 

 

1.  ḟḵ᷅ḱḧḻ᷅ᶍ ᵫᵡᶪᵪᶈᵥ  χ

 

2.  ᶊ᷈ᴻḑᶱḁ᷄ḱḋḉᵪᶨ ᵸᶪᵪᴲᶝᵾᶎ│ᶉᶪ ᶆ ᵪ

ᶫᵾ ᶍ ḟḵ᷅ḱḨᶱ┌ ᵸᶪ  χ

 

3.  ᷀ᴻḕḳᶎ ᶆᵡᶪᵪᴲᶝᵾᶎ᷀ᴻḕḳ ᶍ│ᶉᶪᶹḻḁḇḻ

ḁ ᶆḏᴻḇᶱ ᵸᶪ  χ

 

4.  SYCL  ᶆ ᵶᵣ᷀ ᴻḕḳᶱ ᵸᶪᶍᶎ ḙƎḝᶾᴻḦḻḁᶱ ᵸטּ

ᶪᴲ᷈ᴻḑᶍ┌ ᶱ ᵴᵺᶪᴲᵡᶪᵣᶎ Ḵḡḳ ᶧᶩᶡ

ᶱ ᵸᶪ ᶉ ᶱ ᵸ ᵾᶅᶠᵪᶈᵥ  χ

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 4 - 23.  ᶉ ᶍ᷀ᴻḕḳᶱ ᵸᶪ ⱱ 

 

  



 

 

 

 

2 ᶍ᷁ᶹḑᶎᴲ ᷀ᴻḕḳ ᶊ ᵴᶫᶪ ᶍḃḋḐᶆᵸᴳḷᴻ᷄᷅ḳ

ᴻḟᴲ᷊Ḟ᷅ḳᴻḟᴲ᷅ḳᴻḟḘḲᶷᴲ᷅ḳᴻḟḵᴻ᷀ḳᴴḩḪḲᴻᴲ᷅ḳᴻḟ 

( : Ḟḵᴻḑ᷂ḫḁḐ)ᴲᵩᶧᶒ᷅ḳᴻḟᴴᶷḳ᷉ḲḂḨ ( : ḁ᷂ḫḻᴲḲḏḭᴻḁ) 

ᶎ NƎD - range ᷀ᴻḕḳᶆᶍᶞ ᶆᵬᶝᵸᴳᵼᶍᵾᶠᴲ ᶉᶷḳ᷉ḲḂḨᶱ

ᵶᵾᶩƎ ḙḝᶾᴻḦḻḁᶱ ᵸᶪ ᵫᵡᶪ NƎD - range ᷀ᴻḕḳ

ᶱ ᵶᶝᵸ  G 

 

᷀ᴻḕḳ ᶆ ᶆᵬᶪ ᶎᴲ ᶍ ᶊᶧᶂᶅטּ ᵸᶪᵲᶇᵫטּ

ᵴᶫᶝᵸᵫᴲ ᶉ ᶎ ᶮᶨᶉᵣᶇ ᵧᶨᶫᶝᵸᴳᶃᶝᶩᴲ ᶉḏᴻḇ

᷀ᴻḕḳᶎ ᶱ ᵶᵾ ᶱ ᵺᵹᴲ ᶉ ND - range ᷀ᴻḕ

ḳᶎᵸᶘᶅᶍḙḝᶾᴻḦḻḁᶱ ᵸᶪ ᶱ ᵶᶝᵸᴳ 

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎ SƎYCL ᶱ ᵶᶅ C++ ᶆ ᶱ ᵸᶪ ᶱ ᵶᴲḏᴻ

ḇ ᷀ᴻḕḳᶱ ᵸᶪ ᶷḟḵᴻḉᶍ ᶇ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ 

 

SYCL ᶎᵴᶝᵵᶝᶉ ᶍ ᶱ᷊ḥᴻḐᵶᶅᵩᶩᴲ ᵫᵸᵯᶊ᷈ᴻḏ

ᶸḻ᷅ᶱ ᶠᶨᶫᶪᶧᵥᶊ ᶉ ᶱ ᶆᵬᵾᵲᶇᶱ ᶂᶅᵣᶝᵸᴳ 

 

ᵲᶍ ᶆ ᵶᵾ ᶣ᷄ḱḁᶍ ᵮᶎᴲᶝᵿ ᶱᶉᵽᶂᵾᶊ ᵭᶝᵺᶲᴳ

ᴲᵴᶨᶊ ᵮ ᶩּזᵱᶅᵣᵬᶝᵸᴳḵᴻ᷀ḳḩḪḲᴻᴲḘḲᶷᴲ ḳᴻḉḻᶍ

ᵣ ᶊᶃᵣᶅᶎ  9 ᶆ ᵶᶝᵸᴳḱḨḈ ∙ ᶍ᷀ᴻḕḳᶍ ᶊᶃ

ᵣᶅᶎ  10 ᶇ  20 ᶆ ᵶᶝᵸ NGD - range Ḫḏḳᶇ ᶍḗᴻ

ḑᶻᶼᶷᶍ ᶉḦḋḜḻ᷅ᶊᶃᵣᶅᶎ 15 ᴲ  16 ᴲ  17 ᶆ ᵶ

ᶝᵸ SGYCL ᶱ ᵶᶅ╗ ᶉ ḙḇᴻḻᶱ ᵸᶪḡḁḐ/ḟḱ᷄Ḏᶸḁᶊ

ᶃᵣᶅᶎ  14 ᶆ ᵶᶝᵸ  G

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ  

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

  



 

 

 

 

 5  ᶽḱᴻ  
 

 

ᶽḱᴻ ᶎ C++ ᶍ ᶉ ᶆᵸᴳᵲᶍ ᶆᶎᴲḷᴻ᷄ᶱḏḘᶹḁ (ᶷ᷄ḃḱ

Ḵᴻḇ )ᴻ ᶊᶿḝḵᴻḑᵸᶪᶇᵬᶊ ᵸᶪ ᶍᶽḱᴻ ᶍ ᶇᴲᵼᶫᶨᵫ 

SYCL ᶆᶈᶍᶧᵥᶊ ᶆᵬᶪᵪ ᵶᶝᵸ G

 

ᵶᶉᵣ ᶣᶽḱᴻᶱ ᵶᶅ ᵸᶪᵲᶇᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ

ᶊ ᶀᶝᵸᵫ (ḟḵḀᶼ᷄Ḑᶆ ᵶᴲḧḁᶱ ᵸḟḵ᷅ḱḦᴻᶱ ᵧᶅᶞᶅᵮ

ᵿᵴᵣ)ᴲᵴᶨᶊ ᶉᵲᶇᶎᴲ↨ ᵶᶅ↨ ᶉ◖ ᶷḟḲ᷆ᴻ᷿ḯḻᶇḱᶹḞḱḲ

ᴻᶆᶡ ᶉ ᶱֹוᵾᵸᵲᶇᶆᵸᴳᵲᶍ ᶆᶎSƎYCL ᶱ ᵶᵾ C++ ᶆ

ᶆᵬᶪᶽḱᴻ ḩ᷀ḓḂḨᶊᶃᵣᶅ ᵶᶝᵸᴳᵲᶫᶊᶧᶩᴲᶽḱᴻᶍ ᶇ

ᶱ ᵸᶪᶿḟ᷿ḯḻᶇᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶱ ᶆᵬᶪᶧᵥᶊᶉ

ᶩᶝᵸ  G

 

ᵲᶍ ᶆᶎ SƎYCL ᶍ ᶽḱᴻᶇ ᶽḱᴻᶍ ᶱ ᵶᴲ᷈ᴻḑ ᶆᶽ

ḱᴻᶱ ᵸᶪ ᶇᴲּךᶡ ᵶᶉᵣ ᶍᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶊᶃᵣᶅ

ᵶᴲ ᶽḱᴻᶱ ᵸ  ᶅSYCL ᶍḩ᷀ḓḂḨᶊᶃᵣᶅ ᵶᵮ ᵶ

ᶝᵸ  G

 

 

↨ ᵫ ╗ 
 

C++ ᶽḱᴻ ᶍ ᶇᶉᶪᵲᶇᶎᴲ ᵴᶫᵾ (ḁḵᴻᵴᶫᵾ) ᶽḱᴻᶱּךᶡ

ᵶᶉᵣ ᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫ ᵶּךᵪ ᵫ ᵶᵾᵲᶇᵫ ᵴᶫᶪᵲ

ᶇᶆᵸᴳᵲᶍ ᶊᶧᶩᴲᶽḱᴻ ᶊ ᶱ ᵪᵹᶊᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵶᴲ

ᵼᶫᶆᶡᶽḱᴻᵫּךᶨᵪᶍ ᶆ ᶣḮᴻ᷾ᴻᶊ ᵴᶫᶪᵲᶇᶱ ᶆᵬᶝ

ᵸᴳᶡᶀᶬᶲᴲᵲᶫᶎᶽḱᴻ ᶱ ᵸᶘᵬᵿᶇ ᶂᶅᵣᶪᶮᵰᶆᶎᵡᶩᶝᵺᶲᴳ

ᶍᶷḟḲ᷆ᴻ᷿ḯḻᶎᴲᶽḱᴻ ᶱᶷᴻ᷂Ḏ᷄ḉḫᴻᶍ ᶇᵶᶅ ᵴ

ᶫᶪᶘᵬᶆᵸᵫᴲ ᵮᶍ ᴲᶷḟḲ᷆ᴻ᷿ḯḻ ᶎᵼᵥᵶᵾ ᶉᵶᶆ ᵴ

ᶫᶝᵸ  G 

 

 

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_5  

 

https://doi.org/10.1007/978-1-4842-9691-2_5
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C++ ᶎᴲᶽḱᴻᶱ ᵶᶉᵣ᷈ᴻḑᶆᵡᶂᶅᶡᴲ ᶊ ᵴᶫᶅᵣᶉᵣ

ᶆᶡᴲ ᵮᶍᶽḱᴻᶱ ᶆᵬᶪᶧᵥᶊᵶᶅᵣᶝᵸᴳ 

 

SYCL ᶎḏᴻḇ  C++ ᶆᵡᶪᵾᶠᴲ ᶍ ᵧ ᵫ ᵴᶫᶝᵸᴳᶃᶝᶩᴲ

᷈ᴻḑ ᶆᶽḱᴻ ᶉᵶᶊᶽḱᴻᵫ ᵴᶫᶪᶇᴲḟḵ᷅ḱḨᵫ│ ᵶᴲּך

ᵪ ᵫ ᵶᵾᵲᶇᶱ ᵶᶝᵸᴳᶡᶀᶬᶲᴲ◖ ᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎᴲᶽḱᴻ

ᶱḅḝḐᶻᶼᶷᴴᶷᴻ᷂Ḏ᷄ḉḫᴻᶍ ᶇᵶᶅ ᵸᶪ ᵫᵡᶩᴲḴḥᴻḐ

ᵿᵰᶆᶉᵮᴲᶽḱᴻ ᵪᶨᶍ ᶡ ᵥ ᵫᵡᶩᶝᵸᴳ  

ᶽḱᴻ ᶍ᷈ᴻḑᶱ ᵺᵹᶊᶽḱᴻᵫנּ ᵶᵾ ᶆᶡᴲḟḵ᷅ḱḨᶍ│

ᵫ ᵶᴲ ᶍ ᵫᵡᶪᵲᶇᵫ ᵴᶫᶝᵸᴳ 

ᶽḱᴻᶍḇᶹḟ 
 

C++ ᶎᴲ ḩ᷀ḓḂḨᶱ ᵷᶅᶽḱᴻᶱ ᵶᶅ ᵸᶪḝḴᴻḨḷᴻ᷄ᶱ

ᵶᶝᵸᴳ│  (ḠḎḵḀḓᶷḁ) ḟḵ᷅ḱḧḻ᷅ᶆᶎᴲḏḘᶹḁ ᶝᵾᶎḏḘᶹḁ

ᶆ ᶱ ᵸᶪᶇᵬᶊᶽḱᴻᵫ ᵸᶪᵾᶠᴲ Ḵḡḳᶍᶽḱᴻנּ ᵫ

ᶊᶉᶩᶝᵸᴳᵲᶫᶨᶍᶽḱᴻᶎ ᴲḣḁḐḟḵ᷅ḱḨᶍ ᶇᶎ ᶊ

ᵴᶫᶅᵣᶪᵾᶠᴲ ᶍ C++ ḩ᷀ḓḂḨᶇ ᵮ ᶆᵬᶝᵺᶲ Gᵲ

ᶫᶱ ᵸᶪᵾᶠᴲ ᶽḱᴻᶱ╗ ᶉ C++ ᶇ ᵷᶧᵥᶊ ᵩᶧᶒ

ᵸᶪ ᶍḩ᷀ḓḂḨᵫᵡᶩᶝᵸ Gנּ

 

 5 - 1 ᶎᴲ╗ ᶉᶷḟḲ᷆ᴻ᷿ḯḻᶍ 2 ᶃᶍ᷈ḻḥᴻḕḻḐᶱ ᵶᶅᵣᶝ

:н (1) ᵴᶫᴲ ᶍ ᶍᵾᶠḇḁ᷄᷅ḱḝᶊḷᴻ᷄ᶱ ᵸᶪḣḁḐ

᷈ᴻḑᶇ (Ǝ2) ḣḁḐḟḵ᷅ḱḨᶇᶎ ᶊ ᵴᶫᴲ ᶉ∟ ᵫ ᵾ

ᵴᶫᵾᶇᵬᶊḏḘᶹḁ ᶆ᷀ᴻḕḳᶝᵾᶎᵼᶍ ᶍᶷ᷿᷄ḯḻᶱ ᵸᶪḇḁ᷄

᷅ḱḝ  G 
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ᵲᶍ ᶆᶎᴲḇḁ᷄᷅ḱḝᶍ╗ ᶇᵶᶅ ᶊ ᵴᶫᶪ ᶇᵶᶅ 

parallel_for  ᶱ ᵶᶅᵣᶝᵸᵫᴲ  3 ᴲ  4 ᴲᵩᶧᶒ  8 ᶆ ᵸᶪ

ᶧᵥᶊᴲ ᶍ ᶡּס ᶆᵸ G

 

 

 
#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  
 
int  main () {  

 constexpr  int  size = 16;  

 buffer <int > b{ range {size}};  

 

 // ≥ᶍḏḘᶹḁᶊ᷂ḭᴻᶱ   

 queue  q;  

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

 accessor  a{b, h};  

 
 h. parallel_for (size, [=]( auto&  idx ) {  

a[idx] = idx;  

 });  

 });  

 

 // ḣḁḐ ᶍḘḋḝᶶᴻᶗᶍᶷ᷄ḃḁᶱ  

 // ḏḘᶹḁ᷀ᴻḕḳᵫḏᴻḇᶱ ᵸᶪᶝᶆ   

 host_accessor  a{b};  

 for  ( int  i = 0; i < size; i++)  

 std ::cout << "data["  << i << "] = "  << a[i] << " \ n";  

 
 return  0;  

}  

 
 5 - 1.  ḣḁḐḟḵ᷅ḱḨᶇḇḁ᷄᷅ḱḝ ᶍ  

 

 5 -1 ᶍ ᶇ█  (ḣḁḐ᷅ḱḝᶇḇḁ᷄᷅ḱḝ) ᶍ ᶎᴲ ᶽḱᴻᶇ

ᶽḱᴻᶍ┴ᵣᶱ ᵸᶪ ᶇᶉᶩᶝᵸ G

 

ᶽḱᴻᶎᴲḣḁḐḟḵ᷅ḱḨᵫ API ᶒ ᵶᶣᶿḞḀᶼ᷄Ḑ ᶉᶈᶍ

ᶱ ᵥᶇᵬᶊᶽḱᴻ ᵫ ᵴᶫᵾ ᶊ ᵶᶝᵸᴳᵲᶫᶨᶎᴲ ᶍ ᶍ

ᵫ ᵸᶪ ᶊ ᵴᶫᴲᶽḱᴻᶍ ╣ᶇᶉᶂᵾ ᶊᶧᶂᶅ ᶀᶊᶽḱᴻ

ᵫḁḵᴻᵴᶫᶪּס ᵫᵡᶩᶝᵸᴳ ᶍ ᶍ ᶍ  ɵtry - catch  ᶆ

ḱḋḟᵶᶅ tƎry ᶍ ᶍ ᶇᵶᶅוֹ ᵸᶪᶽḱᴻᵫ try  Ḟḵḋ᷄ᵫ ᵸ

ᶪ ᶊ ᵴᶫ  ᶅ(ᶃᶝᶩ᷂ḫḋḉᵴᶫ )ᶅ ᵲᶇᵫ ᶆᵬᶝᵸ  G 
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C++ ᶍ ḩ᷀ḓḂḨᶎᴲᶝᵴᶊᵲᶍᶧᵥᶉḇᶹḟᶍᶽḱᴻᶱ ᵸᶪᶧᵥᶊ

ᵴᶫᶅᵣᶝᵸ  G

 

ᶽḱᴻᶎ  5 - 1 ᶍ█ ᶍ╗ ᶇᵶᶅ ᵶᴲḇḁ᷄᷅ḱḝ ᶍ ᵫ

ᵴᶫᵾᶇᵬᶊᶍᶞᶽḱᴻᵫ ᵴᶫᶝᵸ Gḇḁ᷄᷅ḱḝ ᶍ╗ ᶇᵶᶅ

ᶽḱᴻᵫ ᵴᶫᶪ ᶊᶎᴲḣḁḐḟḵ᷅ḱḨᶎ ᶊ ᶱ ᵶᶅᵣᶪᵾᶠᴲ

ᵲᶫᶨᶍᶽḱᴻᶱ᷂ḫḋḉᵸ ᶅtry - catch  ᶆḱḋḟᵸᶪ᷈ᴻḑᶎᵡᶩᶝᵺ

ᶲ  G ᶮᶩᶊ SƎYCL ᶊᶎᴲḣḁḐḟḵ᷅ḱḨᶍ ᶊ ᵶᶅ╗ ḱḻḈḨᶆ

ᵴᶫᶅᵣᶉᵣ ᶊ ᵸᶪᵲᶫᶨᶍᶽḱᴻᶱ ᵸᶪ ḝḴᴻ

Ḩḷᴻ᷄ᵫᵡᶩᶝᵸ G

 

 

ᶽḱᴻᶱ ᵴᵺᶅᶞᶝᵶᶦ !v  
 

ᵲᶍ ᶍ ᶩᶍ ᶆ ᶱּס ᶊᵸᶪᵾᶠᶊᴲ ᶍ ᶆᶎ ᶽḱᴻᶇ ᶽ

ḱᴻᶍ ᶱ ᵶᶝᵸ  G

 
#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 
int  main () {  

buffer <int > b{ range { 16}};  

 

// ᶽḱ :ᴻ Ḙḋḝᶶᴻᶧᶩᶡ ᵬᶉ᷊ḞḘḋḝᶶᴻᶱ     

// Ḙḋḝᶶᴻᴴ᷈ḻḁḐḱ᷄ḇᴻᵪᶨ ᵫḁḵᴻᵴᶫᶝᵸᴳ    

buffer <int > b2(b, id { 8}, range { 16});  

 
return  0;  

}  

 

:  

terminate called after throwing an instance of 'sycl::_V1::invalid_object_errorô  

  what():  Requested sub - buffer size exceeds the size of the parent buffer - 30  

(PI_ERROR_INVALID_VALUE)  

Aborted  

 
 5 - 2.  ᶽḱᴻᶍ  
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ᶽḱ  ᴻ

 

 5 -2  ᶆᶎᴲḘḋḝᶶᴻᵪᶨ᷊ḞḘḋḝᶶᴻᵫ ᵴᶫᶅᵣᶝᵸᵫᴲᵼᶍ᷊ᶹḂ

ᶎ ᶆ  н( ᶍḘḋḝᶶᴻᶧᶩᶡ ᵬ )r ᴳ᷊ ḞḘḋḝᶶᴻᶍ᷈ḻḁḐḱ᷄ḇᴻᶎ

ᵲᶍᶽḱᴻᶱ ᵶᴲ᷈ḻḁḐḱ᷄ḇᴻᶍ ᵫ ᵸᶪ ᶊ ᶱḁḵᴻᵶᶝᵸᴳ

ᵲᶫᶎᴲḣḁḐḟḵ᷅ḱḨᶍ ᶍ╗ ᶇᵶᶅ ᵸᶪᵾᶠᴲ ᶽḱᴻᶆᵸᴳᶽḱ

ᴻᶎ᷈ḻḁḐḱ᷄ḇᴻᵫ ᶪ ᶊ ᶆᵬᶪᵾᶠᴲḣḁḐḟḵ᷅ḱḨᶆᶽḱᴻᵫ

ᵶᵾ ᴲɕ ᵾᶎ ᵴᶫᵾ ᶆ ᶀᶊ ᶆᵬᶝᵸ  G

 

ᵲᶍ᷈ᴻḑ ᶆᶎ CƎ++ ᶱ᷂ḫḋḉᵶᶅᶡ ᶎּךᶡ ᵣᶝᵺᶲᴳᵼᶍᵾ

ᶠᴲḏḝᶾḳḐᶍ C++ ᶍ᷂ḫḋḉᵴᶫᶉᵣ ḗḻḑḱᴻᶎᴲּךᵪ ᵫ ᵶ

ᵾᵲᶇᶱ ᵸᶪᵾᶠᶊ std::terminate  ᶱ ᶒ ᵶᶝᵸ  G

 

ᶽḱ  ᴻ

 

ᶽḱᴻᶱ ᵸᶪᶍᶎᴲ ᵫּס ᶉ ᶩ ᶊᶽḱᴻᶱ ᵶᶅ

ᵸᶪᶧᵥᶊ ᶠᶅᵣᶪᵾᶠᴲ ᵶ ᶆᵸᴳ ᶽḱᴻᶎḣḁḐḟḵ᷅ḱḨᶍ

ᶍ ᶆ ᵸᶪᵾᶠḏḘḋ᷅ᵫ ⌐ᶆᵡᶩᴲּס ᶉ ᶎ ᶆ ᵴᶫᶝᵸᴳ

ḏḪ ᶆ ᶽḱᴻᶱ ᵸ  ᶅ1 ᶃᶍ ᶎᴲḇḁ᷄᷅ḱḝᶍ╗ ᶇᵶᶅ

ᶊ ᵴᶫᶪḣḁḐḇḁ᷄ ᶆ ᶱḁḵᴻᵸᶪᵲᶇᶆᵸᴳ  5 -3  ᶎᵲᶍᶧ

ᵥᶉ ᶱ ᵶᶅᵣᶝᵸᴳ ᶽḱᴻᶎᵴᶝᵵᶝᶉ ᶆ ᵶᴲ ᵴᶫᶪּס

ᵫᵡᶩᶝᵸᴳᵶᵾᵫᶂᶅ  Ǝ5 - 3  ᶊ ᵸḣḁḐḇḁ᷄ᶍ ᶎ ᶉ  ᶅ1 ᶃᶍּס

ᶆᵡᶩᴲ ᶽḱᴻᶍ ᶆᶎᶉᵣᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ 
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#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 

// ḗḻḑḱᴻ ᶍ  

auto  handle_async_error = []( exception_list  elist ) {  

for  ( auto  &e : elist) {  

try  {  

 std :: rethrow_exception (e);  

 } catch  (...){  

    std ::cout << "Caught SYCL ASYNC exception!! \ n" ;  

}  

 }  

};  

 

void  say_device ( const  queue  &Q) {  

  std ::cout << "Device : "  

 << Q. get_device (). get_info <info :: device ::name>()  

 << " \ n" ;  

}  

 

class  something_went_wrong  {};     // ḇᶹḟᶍ  

 

int  main () {  

queue  q{ cpu_selector_v , handle_async_error};  

say_device (q);  

 

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

h. host_task ([]() { throw (something_went_wrong{}); });  

}). wait ();  

 

 return  0;  

}  

 
: 

Device: Intel(R) Xeon(R) Gold 6128 CPU @ 3.40GHz  

Caught SYCL ASYNC exception!!  

 
 5 - 3.  ᶽḱᴻᶍ  

 

 

ᶷḟḲ᷆ᴻ᷿ḯḻᶽḱᴻ  
 

C++ ᶍ ᶎᴲḟḵ᷅ḱḨ ᶆᶽḱᴻᵫ ᵴᶫᵾ∞ ᶇᴲᶽḱᴻᵫ

ᵴᶫᶪ∞ ᶎ ᶊ ᵸᶪᶧᵥᶊ ᵴᶫᶅᵩᶩᴲᵲᶍ ᶎ SYCL ᶍ

ᶽḱᴻᶇ ᶽḱᴻᶍ ᶊᶡ ᶅᶎᶝᶩᶝᵸᴳ  
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throw  ᶇ catch  ḩ᷀ḓḂḨᶱ ᵷᶅᴲ◖ ᶷḟḲ᷆ᴻ᷿ḯḻᶆ ᶊᶉᶪḗḻḑ

ḱᴻᶍ ᶱ ᶆᵬᶝᵸ  G

 

╗ ᶇ ᶍᵡᶪ ᶆᶽḱᴻᶱ ᶆᵬᶪᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪ

ᶊᶎᴲ ᶍ ᶇᴲᵼᶍ ᶇᵶᶅᶽḱᴻוֹ ᶊ ᵴᶫᵾḅḝḐᶻᶼᶷᴴᶷᴻ᷂

Ḏ᷄ḉḫᴻᵫ ᶆᵸ  GC++ ᶎ ᵮᶍ ᶱ ᵸᶪ ᶉḌᴻḳᶱ

ᵶᶝᵸᵫᴲᵼᶍᶧᵥᶉᶷᴻ᷂Ḏ᷄ḉḫᴻᶎᵲᶍ ᶆᶎ⅛ᵣᶝᵺᶲᴳᵲᶍḐḜḋ᷄ᶊ

ᵶᵾטּ ᶣ ᶎ ᵡᶪᵾᶠ CƎ++ ᶍᶽḱᴻ ᶍ ᶊᶃᵣᶅᶎᴲ

ᵼᶫᶨᶱ ᶊᵸᶪᵲᶇᶱᵩ ᶠᵶᶝᵸ G

 

ᵾᵿᵶᴲᶽḱᴻᶍ ᶇḴḥᴻḐᶎ ᵹᵶᶡ◖ ᶆ ᵥ ᶎᵡᶩᶝᵺᶲᴳ

ᶊᶽḱᴻᶱ ᵶᶅ ᵸᶪᵲᶇ ( ᵹᵶᶡᶽḱᴻᵪᶨᶍ ᶎᵶᶉ )r ᵿ

ᵰᵫ ᶆᵡᶫᶏᴲḟḵ᷅ḱḨ ᶍᶽḱᴻᶎ ᶍ᷈ᴻḑᶆ ᵶᶅ ᶆᵬ

ᶝᵸ  G ᶍḃ᷿᷄ḯḻᶆᶎᴲᶽḱᴻ ᶱ ᵶᶅּךᶡᵶᶉᵣ ᶊּךᵫ ᵲᶪᵪ 

(ḏḝᶾḳḐᶍ ᶎᵼᶫᶚᶈℓᵮᵡᶩᶝᵺ)ɸ ᶊᶃᵣᶅ ᵶᶝᵸᴳ ᶊᴲ

ᶉᶷḟḲ᷆ᴻ᷿ḯḻᶆ ᶊ ᶆᵬᶪ ᵴᶫᶪᶽḱᴻ ᶊᶃᵣᶅ ᵶᶝ

ᵸ  G

 

ᶽḱᴻ ᶍ  

 

C++ ᶇ SYCL ᶆᶎᴲᶽḱᴻᶱ ᶊ ᵶᶉᵮᶅᶡ ᵫ ᵶᵾᵲᶇᶱ

ᶆᵬᶪᶧᵥᶊ ᵴᶫᶅᵣᶝᵸᴳ ᶍ ᶝᵾᶎ ᶍᶽḱᴻᶍḏḝᶾ

ḳḐᶍ ᶎᴲᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᵫוֹ ᵸᶪḟḵ᷅ḱḨᶍ│ ᶊᶉ

ᶩᶝᵸᴳ ᶍ 2 ᶃᶍ ᶎᴲᵼᶫᵽᶫ ᶽḱᴻᶇ ᶽḱᴻᶱ ᵶᶉᵣ

ᶊ ᵸᶪ ᶱ ᵶᶝᵸ  G

 

 5 - 4 ᶎᴲḗḻḑḳᵴᶫᶅᵣᶉ  rC++ ᶍ ᶱוֹ ᵶᶅᵣᶝᵸᴳᵲᶫᶎᴲ

ḗḻḑḳᵴᶫᶅᵣᶉ  rSYCL ᶽḱᴻᶉᶈᵫ ╣ᶆᵡᶪּס ᵫᵡᶩᶝᵸᵲG

ᶍ᷈ᴻḑᶆᶎᴲ ᶍᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᵫᶈᶍᶧᵥᶊ ᵸᶪᵪḎḁḐᶆ

ᵬᶝᵸ  G
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#include  <iostream>  

 

class  something_went_wrong  {};  

 

int  main () {  

std ::cout << "Hello \ n" ;  

 

throw (something_went_wrong{});  

}  

 

:  
Hello  

terminate called after throwing an instance of 'something_went_wrong'  

Aborted  

 
 5 - 4.  C++ ᶍ  

 

 5 -5  ᶎᴲ ᶒ ᵴᶫᵾ std::terminate  ᵪᶨᶍ ᶱ ᵶᶝᵸᴳᵲᶫ

ᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶆ ᶍ SYCL ᶽḱᴻᵫ ᵶᵾ ᶆᵸᵲGᶍוֹ

᷈ᴻḑᶆᶎᴲ ᶍᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᵫᶈᶍᶧᵥᶊ ᵸᶪᵪḎḁḐᶆ

ᵬᶝᵸ  G

 
#include  <iostream>  

 

int  main () {  

 std ::cout << "Hello \ n" ;  

 

 std :: terminate ();  

}  

 
:  

Hello  

terminate called without an active exception  

Aborted  

 
 5 - 5.  std::terminate ᶎ SƎYCL ᵫ ᵴᶫᶉᵣᶇᵬᶊ ᶒ ᵴᶫᶝ  н

 

ḟḵ᷅ḱḨ ᶆᶽḱᴻᶱ ᵸᶪ ᵫᵡᶪᵪᶡᵶᶫᶝᵺᶲᵫᴲ᷂ḫḋḉᵴᶫ

ᶉᵣ ᶎ ᶊ᷂ḫḋḉᵴᶫᴲḟḵ᷅ḱḨᶎ ᵶᶝᵸᴳᵲᶫᶎᴲ ᵫ ᶮ

ᶫᶪᶧᶩᶎᶝᵶᶆᵸ  G
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ᶽḱᴻ  

 

SYCL ᶽḱᴻᶎ ᶉ  ᶅC++ ᶆᵡᶪᵾᶠᴲᵲᵲᶆᶎ ᶊ ᵶᶝᵸᴳ

SYCL ᶊ ᵴᶫᵾᶽḱᴻḩ᷀ḓḂḨᶍᶚᶇᶲᶈᶎᴲנּ ᶍḃ᷿᷄ḯḻᶆ ᵸᶪ

ᶽḱᴻᶊ ᵶᶅᵣᶝᵸᵫᴲ ᶽḱᴻᶎᴲ ᶣ ᵫ ⌐ᶆᵡᶪᵾᶠᴲ

ᶆᶎᶆᵬᶪᵿᵰ ᵮᶍᶽḱᴻᶱ ᶊ ᵶᶅ ᵸᶪᵾᶠ ᶆᵸᴳ 

 

SYCL ᶆ ᵴᶫᶪ ᶽḱᴻᶎ sƎtd::exception  ḇᶹḟᵪᶨᶍ ᵶᵾ 

sycl::exception  ᶆᵡᶩᴲ  5 -6  ᶊ ᵸᶧᵥᶊ try - catch  ᶊᶧᶂᶅ 

SYCL ᶽḱᴻᶱ᷂ḫḋḉᶆᵬᶝᵸ G

 
try  {  

 // SYCL ḷᴻ᷄ᶱ  

} catch  ( sycl ::exception &e) {  

 // ᶱ ᶝᵾᶎ   

 std ::cout << "Caught sync SYCL exception: "  << e. what ()  

<< " \ n" ;  

 return   1;  

}  

 
 5 - 6.  sycl::exception ᶱ᷂ḫḋḉᵸᶪḙḇᴻḻ 

 

SYCL ᶎ CƎ++ ᶍᶽḱᴻ ḩ᷀ḓḂḨᶊּנᵧᶅᴲḱḻḇᶹḨᶊᶧᶂᶅḁḵᴻ

ᵴᶫ  ᶅsycl::exception   ḇᶹḟᶱ ∙ᵶᶝᵸᴳᵼᶫנּ ᶎᵸᶘᶅ  

C++ ᶍ ᶆᵡᶪᵾᶠᴲ ᶊᶎᶉᵷᶞ ᵣᶡᶍᶆᵸ G

 

 5 - 7  ᶊᶎᴲ ᶍנּ ᷄ḱḁᵫ ᵴᶫᶪᴲ ᶉ ᵫ ᵴᶫᶅᵣᶝᵸᴳ 
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#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 

int  main () {  

 try  {  

buffer <int > b{ range { 16}};  

 

// ᶽḱ :ᴻ Ḙḋḝᶶᴻᶧᶩᶡ ᵬᶉ᷊ḞḘḋḝᶶᴻᶱ     

// Ḙḋḝᶶᴻᴴ᷈ḻḁḐḱ᷄ḇᴻᵪᶨ ᵫḁḵᴻᵴᶫᶝᵸᴳ   

buffer <int > b2(b, id { 8}, range { 16});  

 

 } catch  ( sycl ::exception &e) {  

   // ᶱ ᶝᵾᶎ   

   std ::cout << "Caught sync SYCL exception: "  

    << e. what () << " \ n" ;  

   return  1;  

 } catch  ( std ::exception &e) {  

   std ::cout << "Caught std exception: "  << e. what ()  

    << " \ n" ;  

   return  2;  

} catch  (...){  

   std ::cout << "Caught unknown exception \ n" ;  

   return  3;  

 }  

 

return  0;  

}  

 
: 

Caught synchronous SYCL exception: Requested sub - buffer  

size exceedsthe size of the parent buffer - 30  

(PI_ERROR_INVALID_VALUE)  

 
 5 - 7.  ᷈ᴻḑḞḵḋ᷄ᵪᶨ ᶱ᷂ḫḋḉᵸᶪḙḇᴻḻ 

 

ᶽḱᴻ  

 

ᶽḱᴻᶎ SYCL ḱḻḇᶹḨ (ᶝᵾᶎḡᴻḁᶇᶉᶪḘḋ᷄ᶽḻḑ) ᶊᶧᶂᶅ

ᵴᶫᴲᶽḱᴻᶎḣḁḐḟḵ᷅ḱḨᶍ᷈Ḧḻḑᶍ ᶇᶎ ᶊ ᵶᶝᵸᴳ

ᶽḱᴻᶎ SYCL ḱḻḇᶹḨᶍ ḲḁḐᶊ ᵴᶫᴲḟḵ᷅ḱḦᴻᵫ ᶆᵬᶪ

ᶍḥᶹḻḐᶆᶍᶞ ᵸᶪᵾᶠ ᵴᶫᶝᵸᴳ  
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ᶽḱᴻᶍ ᶱ᷀Ḙᴻᵸᶪᶊᶎᴲ ᶍ 2 ᶃᶍᵲᶇᶱ ᵶᶅᵮᵿᵴ :r 

 

1.  ᶍ ᶽḱᴻᶱ ᵸᶪᵾᶠ ᶒ ᵴᶫᵾ ᴲḗḻḑḱ

ᴻᵫ ᵥᶘᵬᵲᶇ 

 

2.  ᵣᶃ ḗḻḑḱᴻᵫ ᶒ ᵴᶫᶪ  χ

 

ḗḻḑḱ  ᴻ

 

ḗḻḑḱᴻᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫ ᵸᶪ ᶆᵡᶩᴲSYCL ᷈ḻḎ᷂ḁ

Ḑᶣ᷂ḭᴻᶊ ᵴᶫᶝᵸᴳ ᶍḃ᷿᷄ḯḻᶆ ᵴᶫᶪ ᶊᴲ סּ ᶉ

ᶍ ᵫᵡᶪ SƎYCL ḱḻḇᶹḨᶊᶧᶂᶅ ḗḻḑḱᴻᵫ ᶒ

ᵴᶫᶅ ḲḁḐᵫ ᵴᶫᶝᵸ G

 

ḗḻḑḱᴻᶎ sƎtd::function  ᶇᵶᶅ᷈ḻḎ᷂ḁḐᶝᵾᶎ᷂ḭᴻᴴ᷈ḻ

ḁḐḱ᷄ḇᴻᶊ ᵴᶫᴲ ᶞᶊꞌᵷᶅ ᶍ ᴲḱḨḈ ᴲ ᶿḞḀᶼ᷄Ḑᶉᶈ

ᶍ ᶆ ᶆᵬᶝᵸᴳḗḻḑḱᴻᶎ  Ǝ5 - 8  ᶊ ᵸ᷊ḻḟḳᶍᶧᵥᶊᴲ

sycl::exception_list  ╥ ᶱ ᵰ ᶫᶪ ᵫᵡᶩᶝᵸ  G

 
// ᶉ ḗḻḑḱᴻ  

auto  handle_async_error = []( exception_list  elist ) {  

  for  ( auto & e : elist) {  

try  {  

std :: rethrow_exception (e);  

} catch  ( sycl ::exception& e) {  

std ::cout << "ASYNC EXCEPTION!! \ n" ;  

std ::cout << e. what () << " \ n" ;  

}  

}  

};  

 
 5 - 8.  ḱḨḈᶇᵶᶅ ᵴᶫᵾ ḗḻḑḱᴻᶍ  
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ᶍ  5 -8 ᶆᶎ sƎtd::rethrow_exception  ᶍ ᶊ ᶍ ḇᶹḟᶍ 

catch  ᵫ ᵮᵲᶇᶆᴲ ḇᶹḟ (ᵲᶍ ᶎ sycl::exception  ᶍᶞ) ᶍḝ

ᶸḳḇᴻ ᵫ ᶮᶫᶝᵸ  GC++ ᶆᶎ ᶍḝᶸḳḇᴻ ᶱ ᵸᶪᵲᶇᶡᴲ

ḇᶹḟᶊ ᶉᵮᵸᶘᶅᶍ ᶱ ᵸᶪᶧᵥᶊ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳ 

 

ḗḻḑḱᴻᶎᴲ ᶊ᷂ḭᴻᶝᵾᶎ᷈ḻḎ᷂ḁḐ ( Ḵḡḳᶍ ᶊᶃᵣᶅᶎ

 6 ᶆ ) ᶊ ᵰᶨᶫᶝᵸᴳ ᵧᶏ  Ǝ5 - 8  ᶆ ᵶᵾḗḻḑḱᴻᶱ

ᶍ᷈ḻḎ᷂ḁḐᶊ ᵸᶪᶊᶎᴲ ᶍᶧᵥᶊ ᵶᶝᵸᴳ 

 
queue my_queue{ gpu_selector_v, handle_async_error };  

 

ᶊᴲ  5 -8  ᶆ ᵶᵾḗḻḑḱᴻᶱ ᶍ᷈ḻḎ᷂ḁḐᶊ ᵸᶪᶊᶎᴲ

ᶍᶧᵥᶊ ᵶᶝᵸ  G

 
context my_context{ handle_async_error };  

 

ᶚᶇᶲᶈᶍᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎᴲ᷈ḻḎ᷂ḁḐᶱ ᶊ ᵶᵾᶩᴲ ᵸ

ᶪ ᶎᵡᶩᶝᵺ  ɸ(Ḙḋ᷄᷅ḱᶻḻḑᶆ ᶊ ᵴᶫᶝ )нᴳᵼᶍᵾᶠᴲ

ḗḻḑḱᴻᶱ ᵸᶪ ᴲᵼᶍḗḻḑḱᴻᶱ ᶍḏḘᶹḁᶍ᷂ḭᴻᶊ

ᵰᶪ ᵫᵡᶩᶝ  н( ᶉ᷈ḻḎ᷂ḁḐᶆᶎᵡᶩᶝᵺ)ɸ  G 

ḗḻḑḱᴻᶱ ᵸᶪ ᴲּךᶨᵪᶍ ᶆ᷈ḻḎ᷂ḁḐᶱ ᶊ

ᵶᶉᵣ ᶩᴲ᷂ḭᴻᶆ ᵸᶪ ᵫᵡᶩᶝᵸᴳ 

᷂ḭᴻᶣᵼᶍ ᷈ḻḎ᷂ḁḐᶊ ᵶᶅ ḗḻḑḱᴻᵫ ᵴᶫᶅᵣᶉᵣᶇᴲ

ᵼᶍ᷂ḭ  ᴻ(ᶝᵾᶎ᷈ḻḎ᷂ḁḐ) ᶆ ᵫ ᶉ ᶽḱᴻᵫ ᵶᵾ ᴲ

ḏḝᶾḳḐᶍ ḗḻḑḱᴻᵫ ᶒ ᵴᶫᶝᵸᴳḏḝᶾḳḐᶍḗḻḑḱᴻᶎᴲ 

5 -9  ᶍḲḁḐᶇ ᵷᶧᵥᶊ ᵶᶝᵸᴳ 
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// ᶉ ḗḻḑḱᴻ  

auto  handle_async_error = []( exception_list  elist ) {  

  for  ( auto & e : elist) {  

try  {  

std :: rethrow_exception (e);  

} catch  ( sycl ::exception& e) {  

// ᶊ ᵸᶪ ᶱ   

} catch  (...) {  

// sycl::exception ᶊ ᵸᶪ ᶱ  

}  

}  

 

// │ ᵶᶅᴲ ᶍ ᵫᵡᶪᵲᶇ  ɵ

// Ḯᴻ᷾ᴻᶊ ᵶᶝ  н  

std :: terminate ();  

};  

 
: 

Device: Intel(R) Xeon(R) Gold 6128 CPU @ 3.40GHz  

terminate called without an active exception  

Aborted  

 
 5 - 9.  ḏḝᶾḳḐᶍ ḗḻḑḱᴻᶍ  

 

ḏḝᶾḳḐᶍḗḻḑḱᴻᶎᴲ ḲḁḐ ᶍᶽḱᴻ ᶱḮᴻ᷾ᴻᶊ ᵶᴲ

std::terminate  ᶱ ᵷᶅᶷḟḲ᷆ᴻ᷿ḯḻᶱ│ ᵴᵺᶝᵸᴳᵲᶍ ᴲᶿ

ḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᶊᶡ│ ᵶᵾᵲᶇᶱḴḥᴻḐᵸᶪ ᵫᵡᶩᶝᵸᴳ 

 

ḗḻḑḱᴻᶊᶈᶍᶧᵥᶉᶽḱᴻᶱ ᵸᶪᵪᶎḟḵ᷅ḱḦᴻᶊ∟ ᵶᶝ

ᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᵫ ᶱ ᶊ ᶆᵬᶪᶧᵥᴲᶽḱᴻᶍḵ᷅ᶊᶎᶷḟḲ᷆

ᴻ᷿ḯḻᶍ ᴲᵼᵶᶅᶽḱᴻ ᶍ ᶝᶆᵴᶝᵵᶝᶉ ᵫᵡᶩᶝᵸᴳ╗ ᶊ

ᶎ sƎycl::exception::what()  ᶱ ᶒ ᵶᶅ סּ ᶉᶽḱᴻᶍ ᶱ

ᵶᴲᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵴᵺᶝᵸᴳ 

 

ḗḻḑḱᴻᵫ ᶆּךᶱ ᵸᶪᵪᶱ ᵸᶪᶍᶎḟḵ᷅ḱḦᴻ ᶆ

ᵸᵫᴲᵶᶏᵶᶏ ᶨᶫᶪ ┴ᵣᶇᵶᶅᴲᶽḱᴻḩḋḃᴻḀ (ḟḵ᷅ḱḨᶍᶚᵪᶍḩḋ

ḃᴻḀᶆ ᵴᶫᶪּס ᵫᵡᶩᶝ )н ᶱ ᵶᶅᵪᶨᴲḗḻḑḱᴻ ᶱ ᵸ

ᶪᵲᶇᶆᵸᴳ ᶍḟḵ᷅ḱḨ ᶱ ᵶᴲ ᶱ ᵶᶅᶡ↨ ᶆᵡᶪᶇ

ᶆᵬᶪᶽḱᴻ ᶍ ᵫ ᵴᶫᶅᵣᶉᵣ ᶩᴲ ḗḻḑḱᴻ ᶆᶷ

ḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪᵲᶇᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ  
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ᵲᶫᶊᶧᶩᴲᶽḱᴻᵫ ᵴᶫᵾᶊᶡᵪᵪᶮᶨᵹᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶱ

ᵸᶪḟḵ᷅ḱḨᵪᶨ ᶂᵾ ᵫוֹ ᵴᶫᶪּס ᵫ ᵶᶝᵸᴳᶚᶇᶲᶈᶍ

ḟḵ᷅ḱḨᶆᶎᴲ ᵫ ᵴᶫᵾᶨ│ ᵸᶪᵲᶇᵫ ᶆᵸᴳ 

ᶉᶽḱᴻ ᵩᶧᶒ ḩ᷀ḓḂḨᵫ ≥ᵴᶫᶅᵣᶉᵣ ᴲᶽḱᴻ

ᶱ ᵶᵾ ᴲ ḗḻḑḱᴻ ᶆᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪᵲᶇᶱ

ᵶᶅᵮᵿᵴᵣ  G

ḗḻḑḱᴻᶍ  

 

ḗḻḑḱᴻᶎᴲ ᶍ ᶊḱḻḇᶹḨᶊᶧᶂᶅ ᶒ ᵴᶫᶝᵸᴳᶽḱᴻᶍ

ᶎᵸᵯᶊᶎ ᵴᶫᶝᵺᶲᴳᵼᶍ ᴲᶽḱᴻᶍ ᶇ↨ ᶉᶷḟḲ᷆ᴻ᷿ḯ

ḻᴴḟḵ᷅ḱḧḻ ᷅( ᶊḦḳḉḁḴḋḑ) ᵫᶧᶩ ᶇᶉᶩᴲ᷈ḁḐᶡ ᵮᶉᶩᶝ

 н(ᵾᶇᵧᶏᴲḣḁḐᶇḏḘᶹḁ ᶍ ᶍנּ )ᴳ ḗḻḑḱᴻᶎᴲ∙ּזᶊ

ᵸ ᶍḇᶹḧḻ᷅ᶆ ᶒ ᵴᶫᶝ :н 

 

1.  ḣḁḐḟḵ᷅ḱḨᵫ ᶍ᷂ḭᴻᶊ ᵶᶅ 

queue::throw_asynchronous()  ᶱ ᶒ ᵸᶇᵬ 

 

2.  ḣḁḐḟḵ᷅ḱḨᵫ ᶍ᷂ḭᴻᶊ ᵶᶅ 

queue::wait_and_throw()  ᶱ ᶒ ᵸᶇᵬ 

 

3.  ḣḁḐḟḵ᷅ḱḨᵫ ᶍᶹḡḻḐᶊ ᵶᶅ 

event::wait_and_throw()  ᶱ ᶒ ᵸᶇᵬ 

 

4.  ᷂ḭᴻᵫ ᵴᶫᵾᶇᵬ 

 

5.  ᷈ḻḎ᷂ḁḐᵫ ᵴᶫᵾᶇᵬ 

 

 



 

 

149  

 

 

 1  3 ᶎᴲḣḁḐḟḵ᷅ḱḨᵫ ᶱ ᵸᶪḇᶹḧḻ᷅ᶱ ᵸ

ᶪḩ᷀ḓḂḨᶱ ᵶᴲḁḴḋḑᶍ↨ ᶣᶷḟḲ᷆ᴻ᷿ḯḻ ᶍᵼᶍ ᶍ

ᶱ ᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳᵲᶫᶨᶎᴲ ᵫḣḁḐḟḵ᷅ḱḨᶍ ḝḵ

ᴻᶊ ᶩᴲ ᶽḱᴻᶇᶚᶛ ᶊ ᶆᵬᶪ ḥᶹḻḐᶱ ᵶᶝᵸᴳ 

 

Ḯᴻ᷾ᴻᵫ  1  3 ᶍᵣᵹᶫᵪᶱ ᶊ ᶒ ᵴᶉᵣ ᴲ᷂ḭᴻᶇ᷈

ḻḎ᷂ḁḐᵫ ᵴᶫᶪḟḵ᷅ḱḨᶍ ᶊ ᶽḱᴻᵫ ᵴᶫᶪᵲ

ᶇᵫᵡᶩᶝᵸᴳ ᵮᶍ ᴲᵲᶫᶎᴲּךᵪ ᵫ ᵶᴲḟḵ᷅ḱḨᶍ ᶱוֹ

ᶆᵬᶉᵣᵲᶇᶱḮᴻ᷾ᴻᶊ ᵸᶪᶊᶎ ᶆᵸ G

 

ᵾᵿᵶᴲḟḵ᷅ḱḨᶍ ᶊᶽḱᴻ ᵸᶪᵲᶇᶎᴲᵸᶘᶅᶍ᷆ᴻḁᶆ ᵸ

ᶪᶇᶎ ᶩᶝᵺᶲᴳᵾᶇᵧᶏᴲḟḵ᷅ḱḨᵫּךᶨᵪᶍᶷḳ᷉ḲḂḨᶍ ᵫ

ᵴᶫᵾᶇᵬᶊᶍᶞ ᵶᴲᵼᶍ ᵫḏḘᶹḁ᷀ᴻḕḳᶍ ᶉ ᶊᶧᶂᶅ

ᶍᶞ סּ ᶉ ᴲ ᶎᶷḳ᷉ḲḂḨᵫ ᵶᶅ ᵺᵹᴲḎᶸᶷḈᶻḻ 

(ᶽḱᴻᵫ ᵴᶫᶪ ) ᶱ ᵸᶪᵲᶇᶱ ᵸᶪּס ᵫᵡᶩᶝᵸ G 

ᵲᶍᶧᵥᶉ ᴲᶝᵾᴲᶧᶩ ᶉᶽḱᴻ ᵫ ᵴᶫᶅᵣᶪ◖ ᶷḟḲ᷆ᴻ᷿

ḯḻᶆᶎᴲḟḵ᷅ḱḨ ᶍ ᶍ ḥᶹḻḐ (ᵾᶇᵧᶏᴲᶷḳ᷉ḲḂḨᶍ ᵫ

ᵶᵾᵪᶈᵥᵪᶱ ᵸᶪ ) ᶆ throw_asynchronous()  ᶝᵾᶎ 

wait_and_throw()  ᶱ ᶒ ᵸᶍᵫ ᶆᵸ  G

 

 

ḏḘᶹḁ ᶍᶽḱ  ᴻ
 

ᵲᶍ ᶆ ᵶᵾᶽḱᴻ ᵩᶧᶒ ᶍḩ᷀ḓḂḨᶎḣḁḐḡᴻḁᶆᵸᴳᵲᶫᶨ

ᶎᴲḣḁḐḟḵ᷅ḱḨᵫᴲḣḁḐḟḵ᷅ḱḨ ᶝᵾᶎḏḘᶹḁ ᶍ᷀ᴻḕḳᶍ

ᶊ ᵶᵾ ᶱ ᵶᴲ ᶆᵬᶪḩ᷀ḓḂḨᶆᵸᴳᵲᵲᶆᶎᴲ ᵶᵾḏḘᶹ

ḁ᷈ᴻḑ ᵪᶨᴲּךᵪ ᵫ ᵶᵾᵲᶇᶱ ᵸᶪ ᶎ ᶩ ᵱᶅᵣᶝᵺᶲᴳ

ᵲᶫᶎ≥ ᶉᶡᶍᶆᵸ  G

 

SYCL ᶎᴲḏḘᶹḁ᷈ᴻḑ ᶆᶍ C++ ḩ᷀ḓḂḨ ( throw  ᶉᶈ) ᶱ

ᶊ ᵶᶝᵸᴳᵲᶫᶎᴲ╗ ᶍ ᶍḏḘᶹḁᶆᶎ ᵣḙḝᶾᴻḦḻḁᴴ᷈ḁ

Ḑᵫ ᵸᶪᵾᶠᶆᵸᴳḏḘᶹḁ᷈ᴻḑ ᶆּךᶨᵪᶍ ᵫ ᵶᵾᵲᶇᶱ ᵶ

ᵾ ᴲ ᶍ ḡᴻḁᶆᶎᶉᵣ ᶆᶽḱᴻᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵾᶇ

ᵧᶏᴲᶽḱᴻᶱḵ᷅ᶊ ᵶᵾᶩƎʑ ḱᴻᵫ ᵶᵾᵲᶇᶱ ᵶᵾ ᵪᶨ

ᶉ ᶱוֹ ᵸḘḋḝᶶᴻᶊ ᵬ ᶟᵲᶇᵫᶆᵬᶝᵸᴳᵲᶍᶧᵥᶉ ᶍ

ᶉ ᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶊᶧᶂᶅ│ᶉᶩᶝᵸᴳ 

 



 

 

 

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲ ᶽḱᴻᶇ ᶽḱᴻᶊᶃᵣᶅ ᵶᴲ ᵸᶪּס ᶍᵡᶪᶽ

ḱᴻᶱּךᶡ ᵶᶉᵣ ᶊ ᵴᶫᶪḏḝᶾḳḐᶍ ᶊᶃᵣᶅ ᵶᴲᶷḟ

Ḳ᷆ᴻ᷿ḯḻᶍ ᵴᶫᵾḥᶹḻḐᶆ ᶽḱᴻᶱ ᵸᶪḩ᷀ḓḂḨᶊᶃᵣᶅ

ᵶᶝᵶᵾᴳᶽḱᴻ ᶎḅḝḐᶻᶼᶷᴴᶽḻḀḓᶷḲḻ᷅ᶍ ᶉḐḜḋ᷄ᶆᵡ

ᶩᴲ ᵮᶍᶷḟḲ᷆ᴻ᷿ḯḻᶆ ᵴᶫᶪ᷈ᴻḑᶍᵪᶉᶩᶍ ᶱ ᶠᶅᵣᶝᵸᴳ

SYCL ᶍᶽḱᴻ ᶎᴲ ᶊᵡ  ᶅC++ ᶍ ᶇ ᵶᶅᶈᶍᶧᵥᶉᶽḱᴻ

ᶊᶡ ᶆᵬᶪ ᶉḩ᷀ḓḂḨᶱ ᵶᶝᵸ G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ  

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

  



 

 

 

 

 6  ḩḪḲ  ᴻ
 

 

ᵲᵲᵪ  ʝ2 ᶃᶍ ᶆᶎᴲḏᴻḇᶍ ᶊᶃᵣᶅᵴᶨᶊ ᵶᵮ ᵶᶝᵸᴳ

ᵣᶊ ᵶ  v2 ᶃᶍ│ᶉᶪᶷḟḵᴻḉᵫᵡᶩᶝ :н ḩḪḲ  ᴻ(USM) 

ᶇḘḋḝᶶᴻUGSM ᶎᴲḘḋḝᶶᴻᶇᶎ│ᶉᶪḴḡḳᶆḩḪḲᴻᶱ ᵶᶝᵸᴳטּ

USM ᶎḥᶹḻḇᴻᶱ ᵶᴲḘḋḝᶶᴻᶎᶧᶩ Ḵḡḳᶍᶹḻḇᴻḝᶼᶹḁᶆᵸᴳ

ᶆᶎ UƎSM ᶊ ᵶᶝᵸᴳ ᶍ ᶆḘḋḝᶶᴻᶊᶃᵣᶅ ᵶᶝᵸᴳ 

 

Ḙḋḝᶶᴻᶱ ᵸᶪ ᵫ ᶆᵡᶪ ᶱ ᵬ UƎSM ᵪᶨ ᶠᶪᶍᵫ

ᶧᵣᶆᵶᶦᵥUGSM ᶎᴲ ᶍ C++ ḥᶹḻḇᴻᶱ ᵶᶅḩḪḲᴻᶍ ᶞ ᶩᶇ

ᵬ ᶞᶱ ᵥḥᶹḻḇᴻḡᴻḁᶍḪḏḳᶆᵸᴳ 

 

 

USM ᶱ ᵸᶪ ᶎ?  
 

USM ᶎ C++ ḥᶹḻḇᴻᶊ ᶄᵣᶅᵣᶪᵾᶠᴲ ᶍḥᶹḻḇᴻḡᴻḁᶍ 

C++ ᷈ᴻḑᵪᶨᶍ┌ ᶊᶎ ᶆᵸᴳḥᶹḻḇᴻᶱḙḱḩᴻḇᴻᶇᵶᶅ ᵰ ᶪ

ᶍ ᶎᴲ ᵸᶪᵲᶇᶉᵮ╥ᵬ ᵬ ᵶᶝᵸᴳᶚᶇᶲᶈᶍ ᴲ ᶇᶉ

ᶪ ᶎᴲ ᶍ malloc  ᶝᵾᶎ new ᶍ ᶒ ᵶᶱᴲᵲᶍ ᶍ ᶆ ᵸ  ᶅ

USM ᶍ ᶩ ᶅḳᴻḉḻᶊ ᵬ ᵧᶪᵿᵰᶆᵸ G 
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ᶩ ᶅḇᶹḟ 
 

USM ᶎ C++ ḥᶹḻḇᴻᶊ ᶄᵣᶅᵣᶝᵸᵫᴲᵸᶘᶅᶍḥᶹḻḇᴻᵫ ᵷᶧᵥ

ᶊ ᵴᶫᶪᶮᵰᶆᶎᵡᶩᶝᵺᶲ UGSM ᶆᶎᴲᵼᶫᵽᶫ ᶍḃḦḻḎᶸ᷄ḁᶱ

ᶃ 3 ᶃᶍ│ᶉᶪḇᶹḟᶍ ᶩ ᶅᶱ ᵶᶝᵸᴳ ḏḘᶹḁᶎᴲᵸᶘᶅᶍḇᶹḟ 

(ᶝᵾᶎ ≥ᶍḇᶹḟ) ᶍ USM ᶩ ᶅᶱ᷊ḥᴻḐᵶᶉᵣ ᵫᵡᶩᶝᵸᴳḏḘ

ᶹḁᵫ᷊ḥᴻḐᵸᶪ ᶩ ᶅᶱ ᵸᶪ ᶊᶃᵣᶅᶎᴲ ᶆ ᵶᶝᵸᴳ3 ᶃᶍ

ḩḪḲᴻ ᶩ ᶅᶇᵼᶍ ᶱ  6 - 1 ᶊᶝᶇᶠᶝᵸ  G

 

ḇᶹḟ  ḣḁḐᶆᶷ᷄ḃ

ḁּס ᵪ?  

ḏḘᶹḁᶆᶷ

᷄ḃḁּס

ᵪ?  

ᶩ ᶅ  

device  ḏḘᶹḁḩḪḲᴻ

ᶊ ᶩ ᶅ 

x ᶎᵣ ḏḘᶹḁ 

host  ḣḁḐḩḪḲᴻᶊ

ᶩ ᶅ 

ᶎᵣ ᶎᵣ ḣḁḐ 

shared  ḣḁḐᶇḏḘᶹḁ

ᶆ ᵴᶫᶪ ᶩ

ᶅ 

ᶎᵣ ᶎᵣ ḣḁḐᶇḏḘᶹ

ḁ ᶆ סּ

 

 
 6 - 1.  USM ᶩ ᶅḇᶹḟ 

 

 

ḏḘᶹḁ ᶩ ᶅ 

 

ᶍ ᶩ ᶅḇᶹḟᶎGƎDDR/DDR ᶣ HBM ᶉᶈᴲḏḘᶹḁᶊ ᵴᶫᵾḩ

ḪḲᴻᶗᶍḥᶹḻḇᴻᶷ᷄ḃḁᶱ ᵥᵾᶠᶊ ᶉᶡᶍᶆᵸᴳḏḘᶹḁ ᶩ ᶅᶎᴲ

ᶍḏḘᶹḁᶆ ᵴᶫᶪ᷀ᴻḕḳᶊᶧᶂᶅ ᶞ ᵬᶆᵬᶝᵸᵫᴲḣḁḐ ᶆ

ᵴᶫᶪ᷈ᴻḑᵪᶨᶎ ᶷ᷄ḃḁᶆᵬᶝᵺᶲᴳḣḁḐ ᶍḏḘᶹḁ ᶩ ᶅᶊ

ᶷ᷄ḃḁᵸᶪᶇᴲ ᶂᵾḏᴻḇᵫ ᵴᶫᵾᶩᴲᶽḱᴻᶊᶧᶩḟḵ᷅ḱḨᵫ᷄ḱḋ᷿

ḭᵸᶪּס ᵫᵡᶩᶝᵸᴳ ᶉ USM ᶍ memcpy ᶱ ᵶᶅᴲḣḁḐᶇḏḘ

ᶹḁ ᶆḏᴻḇᶱ᷈Ḝᴻᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶍḩ᷀ḓḂḨᶎᴲ2 ᶃᶍḩḪḲᴻ

∞ ᶆ᷈Ḝᴻᵸᶪḏᴻḇᶍ ᶱ ᵶᶝᵸᴳᵲᶫᶊᶃᵣᶅᶎᴲᵲᶍ ᶍ ᶆ

ᵶᶝᵸ  G
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ḣḁḐ ᶩ ᶅ 

 

2 ᶍḇᶹḟ ᶩ ᶅᶎᴲḣḁḐᶇḏḘᶹḁᶍ ᶆḏᴻḇᶱ ᶆ᷈Ḝᴻᵸᶪ

ᵫᶉᵣᵾᶠᴲḏḘᶹḁ ᶩ ᶅᶧᶩᶡ ᶊ ᶆᵬᶝᵸᴳḣḁḐ ᶩ ᶅᶎᴲ

ḣḁḐᶇḏḘᶹḁᶍ ᵪᶨᶷ᷄ḃḁּס ᶉḣḁḐḩḪḲᴻᶱ ᶩ ᶅᶝᵸᴳᵲᶍ

ᶩ ᶅᶎᴲḏḘᶹḁᵪᶨᶷ᷄ḃḁᶆᵬᶝᵸᵫᴲḏḘᶹḁᶊ ᵴᶫᵾḩḪḲᴻᶊ

ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳ ᶮᶩᶊᴲ᷀ᴻḕḳᶎ ᵮᶍ ᴲPCI Express ᶉ

ᶈᶍ Ḙḁᶱ ᵶᶅᴲᵲᶍḩḪḲᴻᵪḲʝḪᴻḐᶆ ᶞ ᶩᶝᵾᶎ ᵬ ᶞᶱ

ᵣᶝ  н(CPU ḏḘᶹḁᶇ  GPU ḏḘᶹḁᶆᶎ┴ᵣᶎᵡᶩᶝᵺ )ɸᴳᵲᶫᶊᶎ

ᶇḙḝᶾᴻḦḻḁᶍḐḴᴻḑᶿḝᵫᵡᶩᶝᵸᴳḣḁḐ ᶩ ᶅᶊᶧᶂᶅ ᵷᶪ

ᶷ᷄ḃḁ᷈ḁḐᶎ ᵮᶉᶩᶝᵸᵫᴲḣḁḐ ᶩ ᶅᶱ ᵸᶪ ᶎᶚᵪᶊᶡᵡᶩ

ᶝᵸᴳ ᵧᶏᴲᶠᶂᵾᶊᶷ᷄ḃḁᵴᶫᶉᵣḏᴻḇᴲḏḘᶹḁᶊ ᵴᶫᵾḩḪḲᴻ

ᶊ ᶝᶨᶉᵣ ᵬᶉḏᴻḇḃḋḐᴲᶝᵾᶎ ᶊ ᵸᶪ ᶩ ᶅᶉᶈᶍ

ᶱḏḘᶹḁᵫ᷊ḥᴻḐᵶᶅᵣᶉᵣּס ᵫᵡᶩᶝᵸᴳ  

 

ᶩ ᶅ 

 

3 ᶍḇᶹḟᶍ ᶩ ᶅᶆᶎᴲḏḘᶹḁ ᶩ ᶅᶇḣḁḐ ᶩ ᶅᶍ ᶍ

ᵫ ᶞ ᶮᵴᶫᴲḣḁḐ ᶩ ᶅᶍḟḵ᷅ḱḦᴻᶍ ᶇḏḘᶹḁ ᶩ ᶅᶊᶧ

ᶂᶅ ᶨᶫᶪ ᶫᵾḙḝᶾᴻḦḻḁᵫ ᶨᶫᶝᵸᴳḣḁḐ ᶩ ᶅᶇ ᶊᴲ

ᶩ ᶅᶎᴲḣḁḐᶇḏḘᶹḁᶍ ᵪᶨᶷ᷄ḃḁᶆᵬᶝᵸᴳḣḁḐ ᶩ ᶅᶇᶍ┴

ᵣᶎᴲ ᶩ ᶅᶆᶎᴲḣḁḐḩḪḲᴻᶇḏḘᶹḁᶊ ᵴᶫᵾḩḪḲᴻ ᶆᴲḟ

ḵ᷅ḱḦᴻᵪᶨᶎ ᶊ ᶆḏᴻḇᵫ ᵴᶫᶪᵲᶇᶆᵸᴳ ᶩ ᶅᵫḏḘᶹḁ

ᶊ ᵴᶫᶪᶇᴲḏḘᶹḁᶆ ᵴᶫᶅᵣᶪ᷀ᴻḕḳᶎᴲḣḁḐᵪᶨḲḪᴻḐᶆᶷ᷄

ḃḁᵸᶪᶧᶩᶡ ᵣḙḝᶾᴻḦḻḁᶆᶷ᷄ḃḁᶆᵬᶝᵸᴳ ᵾᵿᵶᴲ ᶩ ᶅᶊ

ᶧᶂᶅᴲ ᶉᵶᶊᵸᶘᶅᶍ ᵫ ᶨᶫᶪᶮᵰᶆᶎᵡᶩᶝᵺᶲᴳ 

 

ᶎᵴᶝᵵᶝᶉ ᶆ ᶆᵬᶝᵸᴳḱḻḇᶹḨᵫ ᶩ ᶅᶱᶈᶍ

ᶧᵥᶊ ᵶᵾ ᶆᶡᴲ ᶎḴᶹḎḻ᷿ᴻᵫ ᵸᶪנּ ᶱ ᵥᵲᶇᶊᶉᶩᶝ

ᵸᴳḏḘᶹḁ ᶩ ᶅᶱ ᵸᶪᶇᴲ᷈Ḝᴻᵸᶪ ᵫᵡᶪḩḪḲᴻᶍ ᶱ ᶊ

№ᵶᴲ ᶊ᷈Ḝᴻᶱ ᵸᶪᶧᵥḁ᷆Ḁḭᴻḳᶆᵬᶝᵸᴳ  
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ᶍḩ᷀ḓḂḨᶎ ᶱ ᵸᶪᵲᶇᵫᶆᵬᶝᵺᶲᴳ ᶊᶧᶂᶅᶎ᷀ᴻ

ḕḳᵫḏᴻḇᶊᶷ᷄ḃḁᵸᶪᶝᶆḏᴻḇᶍ┌ ᶱ ᵶᶝᵺᶲᴳᵼᶍ ᴲ᷀ᴻḕ

ḳᶎḏᴻḇᶍ┌ ᵫ ᵸᶪᶝᶆ  (Ḟḵḋ )᷄ ᵶᶅᵪᶨᴲ ᶱ ᵸᶪ

ᵫᵡᶩᶝᵸᴳ ᶍ᷆ᴻḁᶆᶎᴲḱḻḇᶹḨᶎ᷀ᴻḕḳᵫᶷ᷄ḃḁᵸᶪḏᴻḇᶍ

ᶱ ᶊ №ᶆᵬᵹᴲ ∙ ᶊ ᵮᶍḏᴻḇᶱ┌ ᵶᶅ᷀ᴻḕḳᶍ ᶱ

סᵴᵺᶪּנּ ᵫᵡᶩᶝᵸ  G

 

ᶝᵾᴲ ᶩ ᶅᶎ ᶆᵬᶝᵸᵫᴲ ᵹᵶᶡᵸᶘᶅᶍ SYCL ᵫ ᵸ

ᶪᶮᵰᶆᶎᶉᵣᵲᶇᶊᶡ ≥ᵶᶅᵮᵿᵴᵣᴳᶚᶇᶲᶈᶍ ᶆᶎᴲᶱ ᵥ

ᶩ ᶅᶱ ᵸᶪᶇ ᵴᶫᶝᵸᵫᴲ╗ ᶍḏḘᶹḁᶆᶎḣḁḐ ᶩ ᶅᶇ

ᵷᶧᵥᶊ ᵸᶪᵲᶇᵫᵡᶩᶝᵸᴳᵼᶍᶧᵥᶉ ᶆᶎᴲ ᶩ ᶅᶎḣḁḐᶇḏ

Ḙᶹḁᶍ ᶆ╥ᵬ ᵬ ᵴᶫᶝᵸᵫᴲ ᶍ ᶊᶧᶪḙḝᶾᴻḦḻḁᶍ

ᶎ ᶨᶫᶉᵣּס ᵫᵡᶩᶝᵸ  G

 

 

ḩḪḲᴻ ᶩ ᶅ 
 

USM ᶱ ᵸᶪᶇᴲḓᴻḂᶇ ᶞᶊꞌᵷᶅᵴᶝᵵᶝᶉ ᶆḩḪḲᴻᶱ ᶩ

ᶅᶆᵬᶝᵸᴳᵾᵿᵶᴲᵸᶘᶅᶍ ᶱ ᵶᵮ ᵸᶪ ᶊᴲUSM ᶩ ᶅᵫ

ᶍ C++ ᶩ ᶅᶇᶈᶍᶧᵥᶊ│ᶉᶪᵪ ᵸᶪ ᵫᵡᶪᶆᵶᶦᵥᴳ 

 

ᶱךּ ᶪ ᵫᵡᶪᵪ?  

 

ᶍ C++ ḟḵ᷅ḱḨᶆᶎ nƎew mƎalloc ᴲᶷḵ᷆ᴻḇᴻᶉᶈᴲ ᶍ ᶆ

ḩḪḲᴻᶱ ᶩ ᶅᶝᵸᴳᶈᶍ ᶱ ᵶᶅᶡᴲḩḪḲᴻᶍ ᶩ ᶅᶎ ᶊ

ᶎḣḁḐᶍᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᶍ᷿ḁḎḨᴴᶷḵ᷆ᴻḇᴻᶊᶧᶂᶅ ᵴᶫ

ᶝᵸ CG++ ᶆḩḪḲᴻᶱ ᶩ ᶅᶪᶇᵬᶊ ᵸᶘᵬᵲᶇᶎᴲᴾ ᶉḩḪḲᴻ

ᶍ ᶎᶈᶫᵮᶨᵣᵪ  Rᶇ ᴾ ᶩ ᶅּס ᶉḩḪḲᴻᶍ ᶎᶈᶫᵮᶨᵣᵪᴿ ᵿᵰᶆ

ᵸ UGSM ᶆᶎ ᶩ ᶅᶱ ᵸᶪ ᶊ ᶍנּ ᵫ ᶆᵸ  G
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ᶝᵹ UƎSM ᶩ ᶅᶆᶎᴲḏḘᶹḁᴲḣḁḐᴲ ᶍᵣᵹᶫᶍḇᶹḟᶍ ᶩ ᶅ

ᵫ ᶆᵡᶪᵪ ᵸᶪ ᵫᵡᶩᶝᵸᴳ ᵸᶪ ᶱ ᶪᶊᶎᴲ ᶉḇᶹḟ

ᶍ ᶩ ᶅᶱ ᵶᶉᵰᶫᶏᶉᶩᶝᵺᶲᴳ ᶊᴲᵸᶘᶅᶍ USM ᶩ ᶅᶆᶎᴲ

ᶩ ᶅᵫ ᶮᶫᶪ᷈ḻḎ᷂ḁḐᴴᶿḞḀᶼ᷄Ḑᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ ᶊᵡ

ᶪᶚᶇᶲᶈᶍ ᶆᶎᴲ ᶮᶩᶊ᷂ḭᴻᴴᶿḞḀᶼ᷄Ḑ (᷈ḻḎ᷂ḁḐᶱ ᵸᶪᶿḞ

Ḁᶼ᷄Ḑ) ᶱ ᵶᶝᵸᴳ᷈ḻḎ᷂ḁḐᴴᶿḞḀᶼ᷄Ḑᶊᶃᵣᶅᶎᴲ ᶆᶎᵲᶫᶝᶆ

ᵶᶅᵲᶉᵪᶂᵾᶍᶆᴲᵲᵲᶆ ᵶ ᵶᶅᵩᵬᶝᵸᴳ᷈ḻḎ᷂ḁḐᶎᴲ᷀ᴻḕḳᶱ

ᶆᵬᶪḏḘᶹḁᶝᵾᶎḏḘᶹḁḃḋḐᶱ ᵶᶝᵸᴳ᷈ḻḎ᷂ḁḐᶎᴲḱḻḇᶹḨ

ᵫ ᶍ ᶱ ᵶᶅᵩᵮᶍᶊ ᶉ ᶇ ᵧᶪᵲᶇᵫᶆᵬᶝᵸᴳᶚ

ᶇᶲᶈᶍ SYCL ḟḵ᷅ḱḨᶆᶎᴲḟḵ᷅ḱḦᴻᵫ᷈ḻḎ᷂ḁḐᶱ ᵸ∙ ᶆ᷈ḻ

Ḏ᷂ḁḐᶇ ᶣᶩ ᶩᵸᶪᵲᶇᶎᵡᶩᶝᵺᶲᴳ  

 13 ᶆᶎᴲ᷈ḻḎ᷂ḁḐᶊ ᵸᶪḚḻḐᶱᵣᵮᶃᵪ ᵶᶝᵸᴳ 

 

USM ᶩ ᶅᶎᴲ│ᶉᶪ᷈ḻḎ᷂ḁḐ ᶆ ᶆᵬᶪᵲᶇᶎ ᵴᶫᶝᵺᶲᴳ

ᵸᶘᶅᶍ USM ᶩ ᶅᴲ᷂ḭᴻᴲᵩᶧᶒ᷀ᴻḕḳᵫ ᵷ᷈ḻḎ᷂ḁḐᴴᶿḞḀᶼ᷄

Ḑᶱ ᵸᶪᵲᶇᵫ ᶆᵸᴳ ᴲᵲᶍ᷈ḻḎ᷂ḁḐᶎᴲḏḘᶹḁᶊḷᴻ᷄ᶱ

ᵸᶪ᷂ḭᴻᵪᶨ ᶆᵬᶝᵸ G

 

ᶊᴲḏḘᶹḁᶍ ᶩ ᶅ (ᵩᶧᶒ╗ ᶍ ᶩ ᶅ) ᶆᶎᴲ ᶩ ᶅᶪḩ

ḪḲᴻᶱ ᵸᶪḏḘᶹḁᶱ ᵸᶪ ᶡᵡᶩᶝᵸᴳᵲᶫᶎᴲḏḘᶹḁᶍḩḪḲ

ᴻᶱᶿᴻḘᴻ᷊Ḟḁ᷄ḱᶹḞᵶᶉᵣᵾᶠᶊ ᶆ н(ḏḘᶹḁᵫᵲᶫᶱ᷊ḥᴻḐᶆ

ᵬᶪ ᶱ ᵬᶝᵸᴳᵲᶫᶊᶃᵣᶅᶎᴲᵲᶍ ᶍ ᶆḏᴻḇ┌ ᶊᶃᵣᶅ

ᵸᶪᶇᵬᶊ ᵶᵮ ᵶᶝ )н UGSM ᶩ ᶅḳᴻḉḻᶎᴲᵲᶫᶨᶍ ḙḱḩᴻנּ

ḇᴻᶱ ᵸᶪᵲᶇᶆנּ CƎ++ ᶍ ᵸᶪḳᴻḉḻᶇ ᶆᵬᶝᵸ  G

 

ᶍḁḇᶹḳ 

 

ᶊᶎᴲ ╗ᶍᶿḟ᷿ḯḻᶆᵸᶘᶅᶱ ᵸᶪᶍᶎ סּ ᶆᵡᶪᵲᶇᵫ ᵶᶝ

ᵸᴳᵲᶫᶎᴲ ᶧᶩᶡ᷈ᴻḚᴻᶱ ᶟ ᶣᴲvi ᶧᶩ  ɟemacs ᶱ ᶟ ᵫᵣᶪᶍ

ᶇ ᵷᶆᵸᴳ ᶩ ᶅᶹḻḇᴻḝᶼᶹḁᵫᶈᶍᶧᵥᶉᶡᶍᶆᵡᶪᶘᵬᵪᶱḟḵ᷅ḱ

Ḧᴻᶊ ᶌᶪᶇᴲ│ᶉᶪ ᵧᵫ ᶂᶅᵬᶝᵸUGSM ᶎᵲᶍᶧᵥᶉ ᶉ ᶱ

ᵰ ᶫᴲᵴᶝᵵᶝᶉ ᶍ ᶩ ᶅᶹḻḇᴻḝᶼᶹḁᶱ ᵶᶝᵸᴳ  
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ᵲᶫᶨᶍ│ᶉᶪḁḇᶹḳᶊᶎCƎ ḁḇᶹḳ CƎ++ ḁḇᶹḳᴲᵩᶧᶒ C++ ᶷḵ᷆ᴻ

ḇᴻᴴḁḇᶹḳᵫᵡᶩᶝᵸᴳᵲᵲᶆᶎᴲᵼᶫᵽᶫᶱ ᵶᴲ ᶇ ┴ ᶱ ᵶᶝ

ᵸ  G

 

C ᶍ ᶩ ᶅ 

 

ᶍḁḇᶹḳᶍ ᶩ ᶅ  (  6 -2  ᶊḲḁḐᵴᶫᴲ ᶍ 6 -6  ᶇ 6 -7  ᶍ

ᶆ ᵴᶫᶪᶝ )н ᶎ CƎ ᶍḩḪḲᴻ ᶩ ᶅᶱḪḏḳᶊᵶᶅᵣᶝᵸmGalloc  

ᶎᴲ ᶩ ᶅᶊ╗ ᶍḘᶹḐᶱ ᵰ ᶩᴲvoid *  ḥᶹḻḇᴻᶱ ᵶᶝᵸ G 

ᵲᶍḁḇᶹḳᶍ ᶎ ᶊ∟ ᵶᶝᵺᶲᵫᴲ ᶩ ᶅᶪḘᶹḐᶍ ᶱ ᵸᶪ

ᵫᵡᶩᶝᵸᴳᶃᶝᶩᴲḇᶹḟ x  ᶍ N ᶍᶿḞḀᶼ᷄Ḑᶱ ᶩ ᶅᶪᶊᶎᴲ  

N * sizeof(X)  ḘᶹḐᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ ᵴᶫᶪḥᶹḻḇᴻᶎ 

void  * ᶆᵡᶪᵾᶠᴲ ᶉ x  ᶗᶍḥᶹḻḇᴻᶊ᷂ḫḁḐᵸᶪ ᵫᵡᶩᶝᵸᴳ

ᵲᶍḁḇᶹḳᶎ ᶊ᷿ḻḟḳᶆᵸᵫᴲ᷊ᶹḂᶍ ᶇ ᷂ḫḁḐᵫ ᶉᵾᶠ

ᶊᶉᶪּס ᵫᵡᶩᶝᵸ  G

 

ᵲᶍ ᶩ ᶅḁḇᶹḳᶎᴲᵴᶨᶊ ᵬ ᶇ ╗ ᶍ 2 ᶃᶍ᷀Ḏ᷉Ḳᴻ

ᶊ ᶆᵬᶝᵸ 2G ᶃᶍ┴ᵣᶎᴲ ᶉ USM ᶩ ᶅᶍ ᶱ ᵸᶪ ᶆ

ᵸᴳ ᵬ  (malloc_device mƎalloc_host mƎalloc_shared ) ᶆᶎᴲ

USM ᶩ ᶅᶍḇᶹḟᵫ ᶊᶽḻ᷈ᴻḑᵴᶫᶝᵸᴳ ╗  malloc  ᶆᶎᴲ

USM ᶩ ᶅᶍḇᶹḟᶱ ḙḱḩᴻḇᴻᶇᵶᶅנּ ᵶᶝᵸᴳ ᶈᶀᶨᵫ ᶫᶅ

ᵣᶪᶇᵣᵥᶮᵰᶆᶎᶉᵮᴲᶈᶀᶨᶱ ᵸᶪᵪᶎ ᶞᶊᶧᶂᶅ ᶝᶩᶝᵸᴳ 

 

ᶷḱᶹḩḻḐᶊᶃᵣᶅ ᶊᵶᶅ ᶊ ᶟᵲᶇᶎᶆᵬᶝᵺᶲᴳmalloc  ᶍ Ḙᴻ

Ḁḯḻᶊᶎᴲ ꞌᵸ  ᶅaligned_alloc  ᶡᵡᶩᶝᵸ mGalloc  ᶎᴲḏḘᶹḁ

ᶍḏḝᶾḳḐ ᶊ ᶮᵺᶅḩḪḲᴻᶱ ᵶᶝᵸᴳ ᶩ ᶅᵫ ᵸᶪᶇᴲ ᶉ

ᶷḱᶹḩḻḐᶱ ᶃ ᶉḥᶹḻḇᴻᵫ ᵴᶫᶝᵸᵫᴲᶷḱᶹḩḻḐᶱ ᶆ

ᵸᶪ ᵫᶧᵣ ᶡᵡᶩᶝᵸᴳᵲᶍᶧᵥᶉ ᴲ ᶩ ᶅ ᶊᶷḱᶹḻḩḻḐᶱ

ᵸᶪ aƎligned_alloc  ḘḲᶷḻḐᶍᵣᵹᶫᵪᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ

ᶉᶷḱᶹḻḩḻḐᶎ 2 ᶍ ᶆᵸ  G 
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ᵮᶍḏḘᶹḁᶆᶎᴲ ᶩ ᶅᶎḗᴻḑᶻᶼᶷᶍ ᶊ ᶮᵺᶅ ᶊᶷḱᶹḩ

ḻḐᵴᶫᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳᵼᶍᵾᶠᴲ ᶩ ᶅᶱ 4 ḘᶹḐ 8Ǝ ḘᶹḐ 1Ǝ6 

ḘᶹḐᴲᶝᵾᶎ 32 ḘᶹḐᶍ ᶊ ᵶᶅᶡᴲ ᶊᶎ ᵶᵾᶡᶍᶧᶩ ᵬᶉ

ᶷḱᶹḩḻḐᶊᶉᶪ ᵫᵡᶩᶝᵸᴳ 

 
// ᵬ  

void  * malloc_device ( size_t  size , const  device  &dev ,  

                    const  context  &ctxt );  

void  * malloc_device ( size_t  size , const  queue  &q);  

void  * aligned_alloc_device ( size_t  alignment , size_t  size ,  

                           const  device  &dev ,  

  const  context  &ctxt );  

void  * aligned_alloc_device ( size_t  alignment , size_t  size ,  

                         const  queue  &q);  

 

void  * malloc_host ( size_t  size , const  context  &ctxt );  

void  * malloc_host ( size_t  size , const  queue  &q);  

void  * aligned_alloc_host ( size_t  alignment , size_t  size ,  

                         const  context  &ctxt );  

void  * aligned_alloc_host ( size_t  alignment , size_t  size ,  

                         const  queue  &q);  

 

void  * malloc_shared ( size_t  size , const  device  &dev ,  

                    const  context  &ctxt );  

void  * malloc_shared ( size_t  size , const  queue  &q);  

void  * aligned_alloc_shared ( size_t  alignment , size_t  size ,  

                           const  device  &dev ,  

  const  context  &ctxt );  

void  * aligned_alloc_shared ( size_t  alignment , size_t  size ,  

                           const  queue  &q);  

 

// ╗  

void  * malloc ( size_t  size , const  device  &dev ,  

 const  context  &ctxt , usm:: alloc  kind );  

void  * malloc ( size_t  size , const  queue  &q, usm:: alloc  kind );  

void  * aligned_alloc ( size_t  alignment , size_t  size ,  

 const  device  &dev , const  context  &ctxt ,  

 usm:: alloc  kind );  

void  * aligned_alloc ( size_t  alignment , size_t  size ,  

                    const  queue  &q, usm:: alloc  kind );  

 
 6 - 2.  C ḁḇᶹḳᶍ USM ᶩ ᶅ  
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C++ ᶍ ᶩ ᶅ 

 

ᶍ USM ᶩ ᶅ  (  6 -3 ) ᶎᴲ ᶇ ᶅᵣᶝᵸᵫCƎ++ ᶍ ᶇ

ᶊ ᵣᶡᶍᶆᵸᴳ ᶩ ᶅḳᴻḉḻᶊᶎᴲ ᵬḘᴻḀḯḻᶇ ╗ Ḙ

ᴻḀḯḻᵫᵡᶩᴲᵴᶨᶊḏḝᶾḳḐ ḘᴻḀḯḻᶇḮᴻ᷾ᴻ ᶍᶷḱᶹḩḻḐᴴḘᴻ

Ḁḯḻᶡᵡᶩᶝᵸᴳᵲᶫᶨᶍ┴ᵣᶎᴲ ᵫ T ᶍ Count  ᶿḞḀᶼ᷄Ḑᶱ ᶩ

ᶅᶅ TƎ *  ᶍḥᶹḻḇᴻᶱ  нC++ ḎḻḟḴᴻḐ ᶊᶉᶂᶅᵣᶪᵲᶇᶆᵸᴳ

ᶍ C++ ᶱ ᵸᶪᶇᴲ ᶩ ᶅᶍ ᷊ᶹḂᶱḘᶹḐ ∞ᶆ ᵶᵾ

ᶩᴲ ᵴᶫᵾḥᶹḻḇᴻᶱ ᶉ ᶊ᷂ḫḁḐᵸᶪ ᵫᶉᵮᶉᶪᵾᶠᴲ ᵫ

ᵴᶫᶝᵸᴳᵲᶫᶊᶧᶩᴲ᷈ᴻḑטּ ᶍ ᵫ᷈ḻḙ᷄Ḑᶊᶉᶩᴲᶽḱᴻᵫ ᵶᶊ

ᵮᵮᶉᶪ ᵫᵡᶩᶝᵸᴳᵾᵿᵶCƎ++ ᶍ nPew  Rᶇᶎ│ᶉᶩ mƎalloc  ḁḇᶹḳ

ᶍᶹḻḇᴻḝᶼᶹḁᶎ ᶩ ᶅᶨᶫᶪᶿḞḀᶼ᷄Ḑᶍ᷈ḻḁḐḱ᷄ḇᴻᶱ ᶒ ᵶᶝ

ᵺᶲᴳᶃᶝᶩᴲᵼᶍ ᶊ ᵸᶪ ᶉḘᶹḐ ᶱ ᶩ ᶅᶪᵿᵰᶆᵸᴳ 

 

ᵲᶍ ᶍ ᶩ ᶅᶎ UƎSM ᶱ ᶊ ᵴᶫᵾ ᵶᵣ᷈ᴻḑᶍ ᶇᵶ

ᶅ ᵶᶅᵣᶝᵸᴳ ᶍ C ḁḇᶹḳᶎᴲᵸᶆᶊ C ᶝᵾᶎ C++ malloc  ᶱ

ᵶᶅᵣᶪ ᶍ C++ ᷈ᴻḑᶍ ᵣ ᶆᵡᶩᴲᵲᶫᶊ USM ᶱ ᵶᶝᵸ  G
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// ᵬ   

template  <typename  T>  

T * malloc_device ( size_t  Count , const  device  &Dev,  

                 const  context  &Ctxt );  

template  <typename  T>  

T * malloc_device ( size_t  Count , const  queue  &Q);  

template  <typename  T>  

T * aligned_alloc_device ( size_t  Alignment , size_t  Count ,  

                        const  device  &Dev,  

  const  context  &Ctxt );  

template  <typename   T>  

T * aligned_alloc_evice ( size_t  Alignment , size_t  Count ,  

                       const  queue  &Q);  

 

template  <typename  T>  

T * malloc_host ( size_t  Count , const  context  &Ctxt );  

template  <typename  T>  

T * malloc_host ( size_t  Count , const  queue  &Q);  

template  <typename  T>  

T * aligned_alloc_host ( size_t  Alignment , size_t  Count ,  

                      const  context  &Ctxt );  

template  <typename  T>  

T * aligned_alloc_host ( size_t  Alignment , size_t  Count ,  

                      const  queue  &Q);  

 
template  <typename  T>  

T * malloc_shared ( size_t  Count , const  device  &Dev,  

                 const  context  &Ctxt );  

template  <typename  T>  

T * malloc_shared ( size_t  Count , const  queue  &Q);  

template  <typename  T>  

T * aligned_alloc_shared ( size_t  Alignment , size_t  Count ,  

                      const  device  &Dev,  

  const  context  &Ctxt );  

template  <typename  T>  

T * aligned_alloc_shared ( size_t  Alignment , size_t  Count ,  

                        const  ueue  &Q);  

 

// ╗   

template  <typename  T>  

T * malloc ( size_t  Count , const  evice  &Dev,  

          const  context  &Ctxt , usm:: alloc  Kind );  

template  <typename  T>  

T * malloc ( size_t  Count , const  queue  &Q, usm:: alloc  Kind );  

template  <typename  T>  

T * aligned_alloc ( size_t  Alignment , size_t  Count ,  

 const  device  &Dev, const  context  &Ctxt ,  

 usm:: alloc  Kind );  

template  <typename  T>  

T * aligned_alloc ( size_t  Alignment , size_t  Count ,  

                 const  queue  &Q, usm:: alloc  Kind );  

 
 6 - 3.  C++ ḁḇᶹḳᶍ USM ᶩ ᶅ  
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C++ ᶷḵ᷆ᴻḇ  ᴻ

 

USM ᶩ ᶅᶍ ᶍ  (  6 - 4 ) ᶎᴲ ᶧᶩᶡᵴᶨᶊ ᶍ C++ ᶱ

ᵶᶅᵣᶝᵸᴳᵲᶫᶎ C++ ᶷḵ᷆ᴻḇᴻᴴᶹḻḇᴻḝᶼᶹḁᶊ ᶄᵣᶅᵩᶩᴲ

std::vector  ᶉᶈᶍ᷈ḻḎḒᴻ ᶆ ᶝᵾᶎ ᶊḩḪḲᴻ ᶩ ᶅᶱ

ᵥᶿḞḀᶼ᷄Ḑᶱ ᵶᶝᵸᴳᵲᶍᶷḵ᷆ᴻḇᴻᶎᴲ᷈ᴻḑᶆ᷈ḻḎḒᴻᴴᶿḞḀ

ᶼ᷄Ḑᶱ ᵶᴲḩḪḲᴻᶍ ᶩ ᶅᶇ ᶩ ᶅ ᶱḮᴻ᷾ᴻᵪᶨ╬ ᵶᶅᴲ᷈

ᴻḑᶱ ᵶᴲḘ᷅ᵫטּ ᵸᶪּס ᶱ ᶨᵸᶍᶊ ᶡ ᶀᶝᵸᴳ  
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template  <typename  T, usm:: alloc  AllocKind ,  

          size_t  Alignment = 0>  

class  usm_allocator  {  

 public:  

 using  value_type   = T;  

 using  propagate_on_container_copy_assignment  =  

      std ::true_type;  

 using  propagate_on_container_move_assignment  =  

      std ::true_type;  

 using  propagate_on_container_swap  = std :: true_type ;  

  

public:  

 template  <typename  U>  

  struct  rebind  {  

   typedef  usm_allocator<U, AllocKind, Alignment> other;  

 };  

 

 usm_allocator () = delete ;  

  usm_allocator ( const  context&  syclContext ,  

          const  device&  syclDevice ,  

          const  roperty_list & propList  = {});  

  usm_allocator ( const  queue&  syclQueue ,  

          const  property_list & propList  = {});  

  usm_allocator ( const  usm_allocator & other );  

  usm_allocator ( usm_allocator &&) noexcept ;  

  usm_allocator & operator= ( const  usm_allocator &);  

  usm_allocator & operator= ( usm_allocator &&);  

 

 template  <class  U>  

  usm_allocator ( usm_allocator <U, AllocKind ,  

    Alignment > const& ) oexcept ;  

 

 /// ḩḪḲᴻᶱ ᶩ ᶅ 
 T*   allocate ( size_t  count );  

 

 /// ḩḪḲᴻᶱ  

 void  deallocate ( T*  Ptr , size_t  count );  

 

 ///  

 ///  

 /// ᶷḵ᷆ᴻḇᶎᴲ ᵷ ᶍ USMƎ ᶷḱᶹḩḻḐᴲ᷈ḻḎ᷂ḁḐᴲ  

 /// ᵩᶧᶒḏḘᶹḁᶆᵡᶪ ᶊᶍᶞ ᶆᵡᶪᶇ ᶉᵴᶫᶝᵸ G

 template  <class  U, usm:: alloc  AllocKindU ,  

 size_t  AlignmentU >  

 friend  bool  operator== (  

     const  usm_allocator <T, AllocKind , Alignment >&,  

     const  usm_allocator <U, AllocKindU , AlignmentU >&);  

 

 ///  

 ///  

 /// ᶷḵ᷆ᴻḇᴻᶎ UƎSMƎ ᶷḱᶹḩḻḐᴲ᷈ḻḎ᷂ḁḐᴲᶝᵾᶎḏḘᶹḁᵫ 

 /// ᵷᶆᶉᵣ ᶊᶍᶞ ᶱ ᵣᶝ  н

 template  <class  U, usm:: alloc  AllocKindU ,  

           size_t  AlignmentU >  

 friend  bool  operator!= (  

   const  sm_allocator <T, AllocKind , Alignment >&,  

   const  usm_allocator <U, AllocKindU , AlignmentU >&);  

};  

 
 6 - 4.  C++ ᶷḵ᷆ᴻḇᴻᴴḁḇᶹḳᶍ USM ᶩ ᶅ  
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ḩḪḲᴻᶱ  

 

ḟḵ᷅ḱḨᵫ ᶩ ᶅᵾḩḪḲᴻᶎᴲ ᶊᶎ ᶩ ᶅ ᵴᶫᶪ ᵫᵡᶩ

ᶝᵸ UGSM ᶎ mƎalloc  ᶝᵾᶎ alignment_malloc  ᶊᶧᶂᶅ ᶩ ᶅᶨ

ᶫᵾḩḪḲᴻᶱ ᵸ  ᶅfree  ḩḅḋḑᶱ ᵶᶝᵸᴳᵲᶍ free  ḩḅḋḑᶎᴲḩ

ḪḲᴻᵫ ᶩ ᶅᶨᶫᵾ᷈ḻḎ᷂ḁḐᶡ ḙḱḩᴻḇᴻᶇᵶᶅנּ ᵰ ᶩᶝᵸᴳ᷂

ḭᴻᶱ᷈ḻḎ᷂ḁḐᶍ ᶮᶩᶊ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳḩḪḲᴻᵫ C++ ᶷḵ᷆

ᴻḇᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶅ ᶩ ᶅᶨᶫᶅᵣᶪ ᴲᵼᶍᶿḞḀᶼ᷄Ḑᶱ

ᵶᶅḩḪḲᴻᶍ ᶩ ᶅᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ 

 
#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 
int  main () {  

 queue  q;  

 

 // N ᶍ float ᶱ ᶩ ᶅ 

 

 // C ḁḇᶹḳ 
 float  *f1 = static_cast <float  *>( malloc_shared (  

 N * sizeof ( float ), q. get_device (), q. get_context ()));  

 

 // C++ ḁḇᶹḳ 
 float  *f2 = malloc_shared <float >(N, q);  

 

 // C++ ᶷḵ᷆ᴻḇᴻᴴḁḇᶹḳ 
 usm_allocator< float , usm:: alloc ::shared> alloc (q);  

 float  *f3 = alloc . allocate (N);  

 

 // ᶩ ᶅᶱ   

 free (f1, q. get_context ());  

 free (f2, q);  

 alloc . deallocate (f3, N);  

 

 return  0;  

}  

 
 6 - 5.  3 ᶃᶍḁḇᶹḳᶍ ᶩ ᶅ 
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ᶩ ᶅᶍ  

 

 6 -5  ᶆᶎᴲ ᶍ 3 ᶃᶍḁḇᶹḳᶱ ᵶᶅ ᵷ ᶩ ᶅᶱ ᵥ ᶱ ᵶ

ᶅᵣᶝᵸᴳᵲᶍ ᶆᶎNƎ ᶍ ᶱ ᶩ ᶅᶇᵶᶅ ᶩ ᶅ

ᶝᵸᴳ ᶍ ᶩ ᶅ f1  ᶆᶎ CƎ ḁḇᶹḳᶍ void *  ᶱ  нmalloc  ḳᴻḉḻ

ᵫ ᵴᶫᶝᵸᴳᵲᶍ ᶩ ᶅᶆᶎᴲ᷂ḭᴻᵪᶨ ᵶᵾḏḘᶹḁᶇ᷈ḻḎ᷂ḁḐᶱ

ᶊ ᵶᶝᵸᴳᶝᵾᴲ * ɵfloat וֹ  ᶊ᷂ḫḁḐᵶ ᵸ ᵫᵡᶩᶝᵸ2G 

ᶍ ᶩ ᶅ f2  ᶎ ᵷᵲᶇᶱ ᵣᶝᵸᵫ CƎ++ ḁḇᶹḳᶍḎḻḟḴᴻḐּטᵴ

ᶫᵾ malloc  ᶱ ᵶᶝᵸᴳ ᶍ ᶆᵡ  ᶅfloat  ᶱ ᶩ ᶅḳᴻḉḻᶊ ᵸ

ᵾᶠᴲ ᶩ ᶅ  ᶅfloat  ᶍ ᶱ ᵸᶪᵿᵰᶆᶧᵮᴲ ᶱ᷂ḫḁḐᵸᶪוֹ ᶎ

ᵡᶩᶝᵺᶲᴳᶝᵾᴲḏḘᶹḁᶇ᷈ḻḎ᷂ḁḐᶍ ᶮᶩᶊ᷂ḭᴻᶱ ᵰ ᶪ ᶡ

ᵶᴲ ᶊ᷿ḻḟḳᶆ᷈ḻḙ᷄ḐᶉḁḎᴻḐḩḻḐᶱ ᶆᵬᶝᵸᴳ3 ᶍ ᶩ

ᶅ f3  ᶆᶎ UƎSM C++ ᶷḵ᷆ᴻḇᴻᴴ᷄ḱḁᵫ ᵴᶫᶝᵸᴳ ᶉḇᶹḟᶍ

ᶷḵ᷆ᴻḇᴻᴴᶿḞḀᶼ᷄ḐᶱᶹḻḁḇḻḁּטᵶᴲᵼᶍᶿḞḀᶼ᷄Ḑᶱ ᵶᶅ ᶩ

ᶅᶱ ᵣᶝᵸ  G ᶊᴲ ᶩ ᶅᶱ ᶊ ᵸᶪ ᶱ ᵶᶝᵸᴳ 

 

 

ḏᴻḇ  
 

USM ᶱ ᵶᶅḩḪḲᴻᶱ ᶩ ᶅᶪ ᵫᶮᵪᶂᵾᶍᶆᴲ ᶊḏᴻḇ ᶍ

ᶱ ᵶᶝᵸᴳᵲᶫᶱḏᴻḇᶍ ┌ᶇḏᴻḇᶍטּ ᶇᵣᵥ 2 ᶃᶊ ᵰᶅ

ᵧᶪᵲᶇᵫᶆᵬᶝᵸ  G

 

 טּ

 

ḏᴻḇᶍ ᶎᴲטּ ᶱ ᵸᶪ ᶊḩḪḲᴻᶊ ᶱ ᵸᶪᵲᶇᶆᵸᴳ╗

ᶉ ḙḇᴻḻᶍטּ ᶇᵶᶅᴲ ᶩ ᶅᶱ ᵸᶪ ᶊḄḵᶆ ᶠᶪᵲᶇᵫ ᵱ

ᶨᶫᶝᵸ UGSM ᶩ ᶅᶱ ᵸᶪᶊᶎᴲᵣᵮᶃᵪᶍטּ ᵫᵡᶩᶝᵸᴳᶝᵹᴲᵲ

ᶫᶱ ᵸᶪ᷀ᴻḕḳᶱ ᶆᵬᶝᵸᴳḏᴻḇḃḋḐᵫ ᶊ ᵬᵣ ᴲᶝᵾᶎ

ᶊטּ ᶉ ᵫ ᶉ ᶎᴲ ᶱטּ ᶆ ᶆᵬᶪᵾ  f(ᶝᵾᴲ

ᵴᶫᵾḏᴻḇᶱḏḘᶹḁᶊᵸᵯᶊטּ ᶆᵬᶪᵾ )fᴲᵲᶫᶎ ᶉ ᶆᵸ G 
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2 ᶊᴲ ᶩ ᶅᵾᵸᶘᶅᶍ ᶊ ᵶᶅ ᶱḄḵᶊ ᵸᶪḳᴻḟᶱḣ

ḁḐ᷈ᴻḑᶊ ᶆᵬᶝᵸᴳᵾᵿᵶᴲᵲᶍᶷḟḵᴻḉᶊᶎ ᶉ ᵫᵡᶩᶝᵸᴳ

ḣḁḐᶇ ᶩ ᶅᶎḣḁḐ ᶆᶷ᷄ḃḁּס ᶆᵡᶩᴲḳᴻḟᶎ ᶉᵮ ᵶ

ᶝᵸ  G 

 

ᵾᵿᵶᴲḏḘᶹḁᶍ ᶩ ᶅᶎḣḁḐ ᶆᶷ᷄ḃḁᶆᵬᶉᵣᵾᶠᴲḣḁḐ᷈ᴻḑ

ᶍḳᴻḟᶆᶎᵼᶫᶨᶊ ᵬ ᶟᵲᶇᵫᶆᵬᶝᵺᶲᴳ ᶊ 3 ᶍ ᶱ

ᵶᶝᵸ  G

 

memset ᶎᴲᵲᶍ ḙḇᴻḻᶱטּ ᵮ ᵸᶪᶧᵥᶊ ᵴᶫᶅᵣ

ᶝᵸ UGSM ᶎᴲḗḻḑḱᴻ᷄ḱḁᶇ᷂ḭᴻ᷄ḱḁᶍ ᶍḩḻḘᴻ ᶆᵡᶪ 

memset ᶍḘᴻḀḯḻᶱ ᵶᶝᵸᴳᵲᶫᶊᶎ 3 ᶃᶍ╥ ᵫ ᶆᵸᴳ ᵸᶪ

ḩḪḲᴻᶍḡᴻḁᶷḑḴḁᶱ ᵸḥᶹḻḇᴻᴲ ᵸᶪḘᶹḐḙḇᴻḻᶱ ᵸḘᶹḐ

ᴲᵩᶧᶒᵼᶍḙḇᴻḻᶱ ᵸᶪḘᶹḐ ᶆᵸᴳḣḁḐ ᶍḳᴻḟᶇᶎ│ᶉᶩᴲ

memset ᶎ ᶊ ᵴᶫᴲḏḘᶹḁ ᶩ ᶅᶆᶡ ᵶᶝᵸᴳ 

 

memset ᶎ ᶉ ᶆᵸᵫᴲ ᶩ ᶅᶊ ᵸᶪḘᶹḐḙḇᴻḻᶍᶞᶱ

ᶆᵬᶪᶇᵣᵥ ᶆᴲᵪᶉᶩ ᵫᵡᶩᶝᵸUGSM ᶊᶎᴲḩḪḲᴻᶱ ≥ᶍḙḇᴻ

ḻᶆ ᶠᶪᵲᶇᵫᶆᵬ  ᶅ fill ḩḅḋḑ (ḗḻḑḱᴻ᷄ḱḁᶇ᷂ḭᴻ᷄ḱḁᶍḩ

ḻḘᴻᶇᵶᶅ) ᶡ ≥ᵴᶫᶅᵣᶝᵸ fGill ḩḅḋḑᶎᴲ ᶩ ᶅᶊ ᵬ ᶟḙḇ

ᴻḻᶍ ᶊ ᶄᵣᶅḎḻḟḴᴻḐּטᵴᶫᵾ ᶆᵸᴳᵲᶫᶱ int  ᶆḎḻḟḴᴻḐ

ᵸᶪᶇᴲטּ ᶩ ᶅ  ɵ32 ḛḋḐᶍ  4P2  Rᶆ ᶠᶪᵲᶇᵫᶆᵬᶝᵸᴳ

memset ᶇ ᶊ fƎill ᶎ 3 ᶃᶍ╥ ᶱ ᶩᶝᵸᴳ ᶩ ᶅᶍḡᴻḁᶷḑḴḁ

ᶗᶍḥᶹḻḇᴻᴲ ᶠᶪ ᴲᵩᶧᶒᵼᶍ ᶱ ᶩ ᶅᶊ ᵬ ᶟ ᶆᵸᴳ 

 

ḏᴻḇ┌  

 

ḏᴻḇᶍ┌ ᶎᴲᵩᵼᶨᵮ USM ᶱ ᵸᶪ ᶆ ᶡ ᶉᵲᶇᶆᵸᴳ ᶉḏ

ᴻḇᵫᴲ ᶉ ᶊᴲ ᶉḇᶹḧḻ᷅ᶆ ᵶᶉᵣ ᴲḟḵ᷅ḱḨᶎ ᶂᵾ

ᶱוֹ ᵶᶝᵸ UGSM ᶎᴲḏᴻḇ ᶊ ᶆᵬᶪ ᶇ∆ ᶍ 2 ᶃᶍ

ᶱ ᵶᶝᵸ  G 
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ᵸᶪ ᶍ ᶎᴲḗᴻḑᶻᶼᶷᵫ᷊ḥᴻḐᵸᶪᴲᶝᵾᶎ ᵸᶪ USM ᶩ

ᶅᶍ ᶊ ᵶᶝᵸ  G

 

 

 

USM ᵫ ᵸᶪ ᶍ ᶎᴲ ᶉḏᴻḇ┌ ᶆ  н(  6 -6 )ᴳḟḵ᷅ḱḦ

ᴻᶎᴲḣḁḐᶇḏḘᶹḁ ᶆḏᴻḇᶱ ᶊ᷈Ḝᴻᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶎᴲ

ḗḻḑḱᴻ᷄ḱḁᶇ᷂ḭᴻ᷄ḱḁᶍ ᶊᵡᶪ memcpy ḩḅḋḑᶱ ᶒ ᵶᶅ

ᶆᵬᶝᵸ  Gmemcpy ḩḅḋḑᶎᴲḏḁḎᶸḕᴻ᷿ḯḻᴴḩḪḲᴻᶍḥᶹḻḇᴻᴲḅᴻḁ

ḩḪḲᴻᶍḥᶹḻḇᴻᴲᵩᶧᶒḣḁḐᶇḏḘᶹḁ ᶆ᷈ḜᴻᵸᶪḘᶹḐ ᶍ 3 ᶃᶍ

╥ ᶱ ᵰ ᶩᶝᵸᴳ᷈Ḝᴻᶱᶈᶍ ᶊ ᵥᵪ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳᵲᶫ

ᶎᴲḅᴻḁḥᶹḻḇᴻᶇḏḁḎᶸḕᴻ᷿ḯḻᴴḥᶹḻḇᴻᶊᶧᶂᶅ∆ ᶊ ᵴᶫ

ᶝᵸ  G

 

ᶉḏᴻḇ┌ ᶍ ᶡ╗ ᶉ ᶎᴲḣḁḐ ᶆᶷ᷄ḃḁᶆᵬᶉᵣ 

USM ᶍḏḘᶹḁ ᶩ ᶅᶇᶍ ᶆ᷈Ḝᴻᶱ ᵥᵲᶇᶆᵸᴳ ᶉḏᴻḇᶍ᷈

Ḝᴻᶱ ᵸᶪ ᶱ ᵸᶪנּ ᵫᵡᶪᵾᶠᴲḟḵ᷅ḱḦᴻᶍ ᵫ ᶊᶉᶩ

ᶝᵸ  GᵴᶨᶊᴲᵲᶫᶎḘ᷅ᶍ ╣ᶇᶉᶪּס ᶡᵡᶩᶝᵸᴳ᷈Ḝᴻᵫ ᶂᶅ ᵴ

ᶫᵾᶩᴲ ┴ᶂᵾ ᶍḏᴻḇᵫ᷈ḜᴻᵴᶫᵾᶩᴲḅᴻḁᶝᵾᶎḏḁḎᶸḕᴻ᷿ḯḻᴴ

ḥᶹḻḇᴻᵫ ᵶᵮᶉᵪᶂᵾᶩᵸᶪּס ᵫᵡᶩᶝᵸᴳ 

 

ᵾᵿᵶᴲ ᶉḏᴻḇ┌ ᶎ ᶏᵪᶩᶆᶎᵡᶩᶝᵺᶲᴳᵲᶫᶊᶧᶩᴲḏᴻḇ

ᶍ┌ ᶱ ᶊ ᶆᵬᶪ ᵬᶉ ᵫ ᶨᶫᶝᵸᴳ╗ ᶍᶷḟḲ᷆ᴻ᷿ḯḻᶆ

ᶎᴲ ᶍḙḝᶾᴻḦḻḁᶱ ᵸᶪᵾᶠᶊᴲ᷈Ḝᴻᵴᶫᶪḏᴻḇᶍ ᶇḇᶹḧḻ

᷅ᶍ ᶱ ᵸᶪᵲᶇᵫ ᶊ ᶆᵸᴳ ᶊᶎᴲּס ᶉ ᶩ ᶇḏᴻ

ḇᶍ┌ ᶱᶿᴻḘᴻḱḋḟᵶᶅᴲḗᴻḑᶻᶼᶷᵫ ᵣ ᶱ┐ ᵸᶪᶧᵥᶊᵶᶝ

ᵸ  G

 

ᵼᶍ ᶍḇᶹḟᶍ USM ᶩ ᶅ (ḣḁḐᶇ ) ᶎᴲḣḁḐᶇḏḘᶹḁᶍ

ᶆᶷ᷄ḃḁּס ᶆᵡᶩᴲḏḘᶹḁᶊ ᶊ᷈Ḝᴻᵸᶪ ᶎᵡᶩᶝᵺᶲᴳᵲᶫᶊ

ᶧᶩ UƎSM ᶆᶍḏᴻḇ┌ ᶍ ᶍ ᵫ ᵧᶨᶫᶝᵸ  G
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#include  <array>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 
int  main () {  

  queue  q;  

 

 std ::array< int , N> host_array;  

 int * device_array = malloc_device <int >(N, q);  

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

 

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

 // host_array ᶱ device_array ᶊ᷈Ḝ  ᴻ

 h. memcpy(& host_array [ 0], device_array, N * sizeof ( int ));  

 });  

 q. wait ();     // ᶎ  ( ᶆᶡᶂᶇ ᵣ ᶱ ᶕ)  

 

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

 h. parallel_for (N, [=]( id <1> i ) { device_array [i]++; });  

 });  

 q. wait ();     // ᶎ  ( ᶆᶡᶂᶇ ᵣ ᶱ ᶕ)  

 

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

 // device_array ᶱ host_array ᶊ᷈Ḝ  ᴻ

 h. memcpy(& host_array [ 0], device_array, N * sizeof ( int ));  

 });  

 q. wait ();     // ᶎ  ( ᶆᶡᶂᶇ ᵣ ᶱ ᶕ)  

 

 free (device_array, q);  

 return  0;  

}  

 
 6 - 6.  USM ᶉḏᴻḇ┌ ᶍ  
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∆  

 

USM ᵫ ᵸ  ᶅ2 ᶍ ᶎᴲ∆ ᶉḏᴻḇ┌ ᶆ  н( ᶱ  6 -7  

ᶊ ᵶᶝ )нᴳᵲᶍ ᶆᶎᴲḏᴻḇᶍ┌ ᶎ∆ ᶊᴲᶃᶝᶩḮᴻ᷾ᴻᵪᶨᶍ

ᶱ ᶇᵺᵹᶊ ᶮᶫᶝᵸᴳ∆ ᶉḏᴻḇ┌ ᶆᶎUƎSM ḥᶹḻḇᴻᶱ ᵶᶅ

ḏᴻḇᶊ ᶷ᷄ḃḁᶆᵬᶪᵾᶠmƎemcpy ᶍ ᶒ ᵶᶱ ᵸᶪ ᶎᵡᶩᶝ

ᵺᶲᴳ ᶮᶩᶊᴲḏᴻḇᵫ ᵴᶫᶪᶇᵬᶊᴲ ᵶᵣ ᶆ ᶆᵬᶪᶧᵥᶊᵸᶪ

ᶍᵫ᷿ḁḎḨᶍ ᶊᶉᶩᶝᵸ G

 

ḣḁḐ ᶩ ᶅᶊᶎᴲ ᶊḏᴻḇᶍ┌ ᵫ ᵸᶪᵪ ᶍ ᵫᵡᶩᶝᵸᴳ

ᴲᵼᶫᶨᶎ ᶊḣḁḐḩḪḲᴻᶗᶍḥᶹḻḇᴻᶍᶝᶝᶆᵡᶪᵾᶠᴲ ᶍḣ

ḁḐḥᶹḻḇᴻᵫ ᵸḩḪḲᴻᶎḏḘᶹḁᶊ ᶆᵬᶝᵺᶲᴳ ᵾᵿᵶᴲḏḘᶹḁ

ᶆḣḁḐ ᶩ ᶅᶊᶷ᷄ḃḁᵸᶪᶇᴲḏᴻḇᶍ┌ ᵫ ᵶᶝᵸᴳ ḩḪḲᴻᵫḏḘ

ᶹḁᶊ ᵴᶫᶪ ᶮᶩᶊᴲ ᶞ ᵬᵴᶫᶪ ᶎ ᶉᶹḻḇᴻḝᶼᶹḁᶱ ᵶᶅ

᷀ᴻḕḳᶇᶍ ᶆ ᵴᶫᶝᵸᴳᵲᶫᶎᴲḏᴻḇᵫḏḘᶹḁ ᶊ ᵸᶪ ᵫᶉ

ᵣᴲḁḐḲᴻḧḻ᷅ᴴ᷀ᴻḕḳᶊ ᶀᶝᵸᴳ 

 

∆ ᶉḏᴻḇ┌ ᶎ ᶊ USM ᶩ ᶅᶊ ᵶᶝᵸᴳᵲᶍḇᶹḟᶍ

ᶩ ᶅᶎᴲḣḁḐᶇḏḘᶹḁᶍ ᶆᶷ᷄ḃḁּס ᶆᵡᶩᴲᵴᶨᶊḣḁḐᶇḏḘᶹḁ

ᶆ ᶆᵬᶝᵸᴳ ᶉᵲᶇᶎᴲᵲᶍ ᶎᴲ ᶍ ᶊᵡᶪḏᴻḇᶊᶷ᷄ḃḁ

ᵸᶪᵿᵰᶆ ᶊᴲᶃᶝᶩ∆ ᶊ ᶮᶫᶪᶇᵣᵥ ᶆᵸᴳ ᶊᴲ ᶩ ᶅ

ᶍḏᴻḇ ᶊ ᵶᶅ ᵸᶘᵬᵣᵮᶃᵪᶍ ᶊᶃᵣᶅ ᵶᶝᵸ G
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#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 

int  main () {  

queue  q;  

 

int * host_array = malloc_host <int >(N, q);  

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

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

 

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

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

// ḏḘᶹḁ ᶍ shared_array ᶇ host_array ᶊᶷ᷄ḃḁ  

shared_array [i] = host_array [i] + 1;  

  });  

});  

q. wait ();  

 

free (shared_array, q);  

free (host_array, q);  

return  0;  

}  

 
 6 - 7.  USM ∆ ᶉḏᴻḇ┌ ᶍ  

 

 

 

ᶉḏᴻḇ┌ ᶊᶧᶩᴲ ᵸᶪḏᴻḇ┌ ᶍ ᶱ ᵶᶝᵸᴳ∆ ᶉḏ

ᴻḇ┌ ᶆᶎᴲ᷿ḁḎḨᵫᵲᶫᶱ ᵶᶝᵸᵫᴲ ᶆᶉᵣּס ᵫᵡᶩᶝᵸᴳ

SYCL ḱḻḇᶹḨᶎ ᶆᶎᶉᵣᵾᶠᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫᶷ᷄ḃḁᵸᶪḏᴻḇ

ᶱ ᶊ ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳᵴᶨᶊᴲḥᶹḻḇᴻ ᶎ᷈ḻḙᶹḱᴻᶊᶇ

ᶂᶅ ᶊ ᵶᵣ ᶆᵡᶩᴲ᷀ᴻḕḳ ᶆ ᵴᶫᶪּס ᶍᵡᶪᵸᶘᶅᶍ

ᶩ ᶅᶱ ᶊ ᶆᵬᶉᵣּס ᵫᵡᶩᶝᵸᴳᵶᵾᵫᶂᶅᴲ∆ ᶉḏᴻḇ┌

ᶍḩ᷀ḓḂḨ ᶆᶎ UƎSM ᶱ᷊ḥᴻḐᵸᶪḏḘᶹḁᶍ ᶱ ᶊ│ᶉᶪ

ᵫ ᶮᶫᶪּס ᵫᵡᶩᴲᵲᶫᶎ ᶩ ᶅᶍ ᵣ ᶇḙḝᶾᴻḦḻḁᶍ

ᶊ☼ ᵶᶝᵸ  G

 

ḏḘᶹḁᶍḙḝᶾᴻḦḻḁᵫ ᶊ ᵰᶫᶏᴲᶿḻḏḦḻḑᶆḩḪḲᴻ ᶆɵ

ᵬᶪּס ᵫᵡᶩᶝᵸᴳᵲᶍ ᴲḣḁḐᶝᵾᶎḏḘᶹḁᵫ ᶍ ᶊᶉᵣ ᶩ

ᶅᶊᶷ᷄ḃḁᵸᶪᶇᴲḏᴻḇᶍ┌ ᵫ ᵶᶝᵸᴳ  
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ᶿḻḏḦḻḑHḏᴻḇᶎ UƎSM ḥᶹḻḇᴻᵫᶈᵲᵪᶨᶆᶡᶷ᷄ḃḁᶆᵬᴲᵼᶍ

ᶝᶝ ᵸᶪᶇᵣᵥ ᶝᵶᵣḃḦḻḎᶸ᷄ḁᶱ ᵸᶪᵾᶠᴲḟḵ᷅ḱḧḻ᷅ᶱ

ᶊ ┌ᵶᶝᵸᴳḏḘᶹḁᵫᶿḻḏḦḻḑטּ ᶱ᷊ḥᴻḐᶆᵬᶉᵣ (  12 

ᶆḏḘᶹḁᶍ ᶱ ᵸᶪ ᶱ )ᴲ ḥᶹḻḇᴻᶍ ᶊ ᶍנּ

ᶱ ᵰᶪᵲᶇᶆᴲ ᵷḃḦḻḎᶸ᷄ḁᶱ ᶆᵬᶪּס ᵫᵡᶩᶝᵸᴳ   

 

USM ᶩ ᶅᵫ ᵴᶫᵾ ᶎᴲ ḥᶹḻḇᴻᶊᶷ᷄ḃḁᶆᵬᶪḇᶹ

ḧḻ᷅ᶇ ᴲᵩᶧᶒ ᶩ ᶅᶍ᷊ᶹḂᵫᶈᶍ ᶝᶆ ᵴᶫᶪᵪᶱ

ᵶᶝᵸᴳḏḘᶹḁᵫ ᶊꞌᵷᶅḩḪḲᴻᶱ┌ ᶆᵬᶉᵣ ᴲḱḻḇᶹḨᶎ

ᶊᶉᶩᴲ᷀ᴻḕḳᵫḏḘᶹḁᶊ ᵴᶫᵾḩḪḲᴻ ᶍ ≥ᶍ ᶩ ᶅᶊᶷ᷄ḃ

ḁᵸᶪּס ᵫᵡᶪᶇ ᵸᶪ ᵫᵡᶩᶝᵸ Gᵲᶫᶊᶧᶂᶅᴲᵣᵮᶃᵪᶍ וֹ

ᵫᶡᵾᶨᵴᶫᶝᵸ  G

 

ᶝᵹᴲḣḁḐᶇḏḘᶹḁᵫ ᶊ ᶩ ᶅᶊᶷ᷄ḃḁᵶᶅᶎᶉᶨᶉᵣᵲᶇᶱ

≥ ᵶᶝᵸᴳ ᶮᶩᶊᴲᶷḟḲ᷆ᴻ᷿ḯḻᶎ ᶊ ᶊᶷ᷄ḃḁᵸᶪ ᵫᵡ

ᶩᶝᵸᴳḣḁḐᶎ ᶩ ᶅᶊᶷ᷄ḃḁᵶᴲ᷀ᴻḕḳᶎᵼᶍḏᴻḇᶱ ᵶᶅ ᵶᴲ

ᶊḣḁḐᶎ ᶱוֹ ᶞ ᶪᵲᶇᵫᶆᵬᶝᵸᴳᵲᶍ ᵫᶉᵰᶫᶏᴲḣḁḐᶎ᷀

ᴻḕḳᵫ ᶷ᷄ḃḁᵶᶅᵣᶪ ᶩ ᶅᶊ ᶊᶷ᷄ḃḁᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ

ᵲᶍᶧᵥᶉ ᶷ᷄ḃḁᶎ ᴲḏḘᶹḁᴴḩḪḲᴻᴴḢᴻḀᶍ ᶆ ᵶᶝᵸᴳ

ḣḁḐᵫ 1 ᶃᶍḢᴻḀᶊᶷ᷄ḃḁᵶᶅᵣᶪ ᶊᴲḏḘᶹḁᶎ ᶍḢᴻḀᶊᶷ᷄ḃḁ

ᵸᶪᵲᶇᵫᶆᵬᶝᵸᴳ ᵷḏᴻḇᶗᶍᶷḐḧḋ᷄ᶉᶷ᷄ḃḁᶊᶃᵣᶅᶎᴲ 19 

ᶆ ᵶᶝᵸᴳḟḵ᷅ḱḦᴻᶎᴲḏḘᶹḁᵫᵲᶍ ᶱ ᵰᶅᵣᶪᵪᶈᵥᵪᶱ

ᶆᵬᶝᵸᴳḏḘᶹḁᶍ ḩ᷀ḓḂḨᶊᶃᵣᶅᶎᴲ ᵶᶝᵸᴳ 

 

ᵲᶍ ᵴᶫᵾ ᶍ ᶩ ᶅᶍ ᴲוֹ ᶩ ᶅᵫḏḘᶹḁᶊ ᵴᶫᶅ

ᵣᶪḩḪḲᴻᶍ ᶊᶧᶂᶅ ᵴᶫᶝᵸᴳḏḘᶹḁᵫᶿḻḏḦḻḑᶆḩḪḲᴻ

ᶱ┌ ᶆᵬᶉᵣ ᴲ│ᶉᶪḏᴻḇᶱ ᶩ ᶟḁḢᴻḁᶱ ᵸᶪᵾᶠᴲḏᴻḇᶱ

ḣḁḐᶊ┌ ᶆᵬᶝᵺᶲᴳḏḘᶹḁᵫᶿḻḏḦḻḑ┌ ᶱ᷊ḥᴻḐᵶᶅᵣᶪ ᴲ

ᵴᶫᵾḩḪḲᴻᶱᶿᴻḘᴻ᷊Ḟḁ᷄ḱᶹḞᵶᶅᴲ᷀ᴻḕḳᵫḏḘᶹḁᶍḩḪḲᴻ

ᶊ ᶆᵬᶪ ᶧᶩᶡ ᵮᶍḏᴻḇᶱ ᵸᶪᶧᵥᶊᶆᵬᶝᵸᴳᵾᵿᵶᴲᵲᶍ

ᶊᶧᶩᴲ ┌ᶍḏᴻḇנּ ᶊᶧᶪḙḝᶾᴻḦḻḁᶍ ᵫזּ ᵷᶪּס ᵫᵡᶩᶝ

ᵸ  G
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ᶍ  

 

ḏḘᶹḁᵫ ᶩ ᶅᶍᶿḻḏḦḻḑ ᶱ᷊ḥᴻḐᵶᶅᵣᶪ ᴲḩḪḲᴻᵫ

ᵶᶉᵣ ᶊᶷ᷄ḃḁᵴᶫᵾ ᶊᴲḏᴻḇᶍ┌ ᵫ ᶮᶫᶝᵸᴳᵾᵿᵶᴲḏᴻ

ḇᶍ┌ ᵫ ᵸᶪᶍᶱ ᵶᶅᵣᶪ ᶊᴲ᷀ᴻḕḳᵫ ᵸᶪּס ᵫᵡᶩᶝ

ᵸᴳ ᶊ ᵴᶫᶪḁḎᴻḐḩḻḐᶊᶧᶂᶅᴲᵴᶨᶊ ᵮᶍḏᴻḇ┌ ᵫ ᵶᴲ᷀

ᴻḕḳᶍ ᶊ Ⱬᵫ ᵸᶪּס ᵫᵡᶩᶝᵸ  G

 

SYCL ᶎᴲ ḩ᷀ḓḂḨᶍḙḝᶾᴻḦḻḁᶱ ᵸᶪ ᶱ ᵶᶝᵸᴳ

ᵲᶫᶎ pƎrefetch  ᶇ mem_advise  ᶇᵣ  v2 ᶃᶍ ᶱ ᵸᶪᵲᶇᶆ ᶮ

ᶫᶝᵸᴳ  6 -8  ᶎᴲᵼᶫᵽᶫᶍ ᶉ ᵣ ᶱ ᵶᶅᵣᶝᵸᴳᵲᶫᶨᶍ ᶱ

ᵸᶪᶇᴲ᷀ᴻḕḳᵫḏᴻḇᶊᶷ᷄ḃḁᵸᶪ ᶊᶃᵣᶅḱḻḇᶹḨᶊḚḻḐᶱ

ᵧᶪᵲᶇᵫᶆᵬᴲḱḻḇᶹḨᶎ᷀ᴻḕḳᵫḏᴻḇᶊᶷ᷄ḃḁᵸᶊᶅḏᴻḇᶍ┌

ᶱ ᵸᶪᵲᶇᶱ ᶆᵬᶝᵸᴳᵲᶍ ᶆᶎᴲ ḩḅḋḑ (᷈Ḧḻḑ᷅ḳᴻḟ) 

ᶊ ᵴᶫᶪḱḨḈ ᶆᶎᶉᵮᴲ᷂ḭᴻᴴᶿḞḀᶼ᷄Ḑᶆ parallel_for  ᶱ

ᶒ ᵸ᷂ḭᴻᶍ᷿ḯᴻḐ᷀ḋḐᴴḩḅḋḑᶱ ᵶᶅᵣᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ 
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#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

 

// ᶉ ᶎḗᴻḑᶻᶼᶷᶊᶧᶂᶅ│ᶉᶩᶝ н  

constexpr  int  BLOCK_SIZE = 42;  

constexpr  int  NUM_BLOCKS = 2500 ;  

constexpr  int  N = NUM_BLOCKS * BLOCK_SIZE;  

 

int  main () {  

queue  q;  

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

int  *read_only_data = malloc_shared <int >(BLOCK_SIZE, q);  

 

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

 data [i] = - i;  

  }  

  

טּ // ᶊ ᵴᶫᶝᵺ  ɸ  

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

 read_only_data [i] = i;  

  }  

  

// ᵲᶍḏᴻḇ  ɵ " ᶞ ᶩ " ᶇᵶᶅḦᴻ᷄ᵸᶪᶇᴲḱḻḇᶹḨᶎḏᴻḇᶱ 

// ḣḁḐᵪ ┌ʝ ᵸᶪᶍᶆᶎᶉᵮᴲḏḘᶹḁᶊ᷈Ḝᴻᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ    

// ᶍ ᶎḘḋ᷄ᶽḻḑᶊᶧᶂᶅ ᵴᶫᶝᵸᴳ 
int  HW_SPECIFIC_ADVICE_RO = 0;  

q. mem_advise (read_only_data, BLOCK_SIZE,  

 HW_SPECIFIC_ADVICE_RO); 

event e = q. prefetch (data, BLOCK_SIZE * sizeof ( int ));  

 

for  ( int  b = 0; b < NUM_BLOCKS; b++) {  

  q. parallel_for ( range {BLOCK_SIZE}, e, [=]( id <1> i ) {  

 data [b * BLOCK_SIZE + i] += read_only_data [i];  

});  

if  ((b + 1) < NUM_BLOCKS) {  

 // ᶍḞḵḋ᷄ᶱḟḲḝᶼḋḉ 
 e = q. prefetch (data + (b + 1) * BLOCK_SIZE,  

  BLOCK_SIZE * sizeof ( int ));  

      }  

  }  

q. wait ();  

 

free (data, q);  

free (read_only_data, q);  

return  0;  

}  

 
 6 - 8.  ḟḲḝᶼḋḉᶇ mem_advise ᶊᶧᶪᵬᶠ ᵪᶉ  
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ᵲᶫᶱ ᵥ ᶡ ᶉ ᶎᴲḟḲḝᶼḋḉᶱ ᶒ ᵸᵲᶇᶆᵸᴳᵲᶍ ᶎᴲ

ḗḻḑḱᴻᶝᵾᶎ᷂ḭᴻ᷄ḱḁᶍḩḻḘᴻ ᶇᵶᶅ ᶒ ᵴᶫᴲḡᴻḁḥᶹḻḇ

ᴻᶇḘᶹḐ ᶱ ᵰ ᶩᶝᵸᴳᵲᶫᶊᶧᶩᴲ ᶍḏᴻḇᵫḏḘᶹḁ ᶆ ᵴᶫ

ᶪᵲᶇᶱḱḻḇᶹḨᶊ ᵶᴲᵼᶍḏᴻḇᶍ ᶱ ᶊ ᶆᵬᶪᶧᵥᶊᶉᶩᶝ

ᵸᴳ ᶊᶎᴲᵲᶫᶨᶍḟḲḝᶼḋḉᴴḚḻḐᶱ ᵣ ᶆ ᵶᴲ᷀ᴻḕḳᵫḏ

ᴻḇᶊᶷ᷄ḃḁᵸᶪᶇᵬᶊᶎḏᴻḇᵫᵸᶆᶊḏḘᶹḁ ᶊ ᵸᶪᶧᵥᶊᵶᶅᴲ

ᶍḴᶹḎḻ᷿ᴻᶱ ᵶᶝᵸᴳ 

 

SYCL ᵫ ᵸᶪᶡ  v1 ᶃᶍ ᶎ mem_advise  ᶆᵸᴳᵲᶍ ᶱ ᵸ

ᶪᶇᴲ᷀ᴻḕḳ ᶆḩḪḲᴻᵫᶈᶍᶧᵥᶊ ᵴᶫᶪᵪḏḘᶹḁ ᶍḚḻḐᶱ

ᶆᵬᶝᵸᴳ ᶆᵬᶪʊ ḑḘᶹḁᶍ ᶇᵶᶅᶎᴲᵆḏᴻḇᶎ᷀ᴻḕḳ ᶆ ᶞ

ᶨᶫᶪᵿᵰᶆᴲ ᵬ ᶝᶫᶪᵲᶇᶎᶉᵣᵇᴲᶉᶈᵫᵡᶩᶝᵸᴳᵼᶍ ᴲ᷿ḁḎḨᶎ

ḏḘᶹḁ ᶍḏᴻḇᶍ᷈Ḝ  ᴻ( ) ᵫּס ᶆᵡᶪᶇ ᶆᵬᶪᵾᶠᴲ᷀ᴻḕḳ

ᶍ ᶊḣḁḐᶍḏᴻḇᶱ ᵸᶪ ᵫᶉᵮᶉᶩᶝᵸᴳᵾᵿᵶᴲmem_advise  

ᶊ ᵴᶫᶪᶷḑḘᶹḁᶎᴲ ᶍḏḘᶹḁᶊ ᶆᵡᶪᵾᶠᴲᵲᶍ ᶱ ᵸᶪ

ᶊḗᴻḑᶻᶼᶷᶍḑ᷂ḭḩḻḐᶱ ᵶᶅᵮᵿᵴᵣᴳ 

 

 

᷄ᶽḲ  ᴻ
 

ᵸᶘᶅᶍḏḘᶹḁᵫ USM ᶍᵸᶘᶅᶍ ᶱ᷊ḥᴻḐᵶᶅᵣᶪᶮᵰᶆᶎᵡᶩᶝᵺ

ᶲᴳᶃᶝᶩᴲḟḵ᷅ḱḨᶱᵴᶝᵵᶝᶉḏḘᶹḁ ᶆ┌ סּ ᶊᵶᵾᵣ ᴲᵸᶘᶅ

ᶍ USM ᵫ סּ ᶆᵡᶪᶇ ᵶᶅᶎᶉᶩᶝᵺᶲUGSM ᶎ ᶆᵬᶪ

ᶱᵣᵮᶃᵪ ᵶᶅᵣᶝᵸᴳᵲᶫᶨᶍ ᶎᴲḥᶹḻḇᴻ᷄ᶽḲᴻᶇḏḘᶹḁ

᷄ᶽḲᴻᶍ 2 ᶃᶍ᷀Ḏ᷉Ḳᴻᶊ ᵰᶨᶫᶝᵸ G  6 - 9  ᶎᴲᵼᶫᵽᶫᶍ ᶉ

ᵣ ᶱ ᵶᶅᵣᶝᵸ  G

 

USM ᶍḥᶹḻḇᴻ᷄ᶽḲᴻᶎ 2 ᶃᶍ ᶊ ᵧᶝᵸᴳ ᶍ ᶎᴲᴾḥᶹḻ

ḇᴻᶎᶈᶍḇᶹḟᶍ USM ᶩ ᶅᶱ ᵶᶅᵣᶪᵪ  Rᶆᵸᴳ

get_pointer_type  ᶎᴲḥᶹḻḇᴻᶇ SYCL ᷈ḻḎ᷂ḁḐᶱ ᵰ ᶩᴲ

usm::alloc  ᶍ ᶱוֹ ᵶᶝᵸᴳᵲᶍ ᶊᶎḣƎḁḐƎḏḘᶹḁƎוֹ ᴲᶝᵾ

ᶎ ᶍ 4 ᶃᶍ ᵫᵡᶩᶝᵸ  G2 ᶍ ᶎᴲUPSM ḥᶹḻḇᴻᶎᶈᶍḏḘ

ᶹḁᶊ ᵶᶅ ᶩ ᶅᶨᶫᵾᶍᵪᴿ ᶆᵸᴳ  get_pointer_device  ᶊḥᶹḻ

ḇᴻᶇ᷈ḻḎ᷂ḁḐᶱ ᵶᴲḏḘᶹḁᴴᶿḞḀᶼ᷄Ḑᶱ ᶆᵬᶝᵸᴳ  
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ᵲᶫᶎᴲḣḁḐ ᶩ ᶅᶆᶎᵡᶝᶩ≥ ᵫᶉᵣᵾᶠᴲ ᶊḏḘᶹḁᶝᵾᶎ 

USM ᶩ ᶅᶆ ᵴᶫᶝᵸ SGYCL ᶆᶎᴲḣḁḐ ᶩ ᶅᶎ᷈ḻḎ᷂ḁḐ

ᶍ ᶍḏḘᶹḁᵫ ᵴᶫᶪᶇ ᵴᶫᶅᵣᶝᵸᴳᵲᶫᶎᴲ ᶍḁḵᴻᶱ

ᵸᶪ∙ ᶊ ᶉ ᶎᵡᶩᶝᵺᶲᴳᵶᵪᵶUƎSM ᶩ ᶅḇᶹḟᶆḎḻḟḴᴻḐ

סᵴᶫᶪּטּ ᶍᵡᶪ᷈ᴻḑᶆᶎ ᵶ ᶊ ᵧᶝᵸᴳ 

 

USM ᶆ ᵴᶫ  ᶅ2 ᶍḇᶹḟᶍ᷄ᶽḲᴻᶎᴲḏḘᶹḁᶍ ᶊ ᵸᶪᶡ

ᶍᶆᵸ UGSM ᶊᶎᴲḏḘᶹḁᴴᶿḞḀᶼ᷄Ḑᶆ has  ᶱ ᶒ ᵸᵲᶇᶆ ᶆᵬᶪ

ᶍḏḘᶹḁᶷḁḢ᷄ḐᶍḲḁḐᵫᵡᶩᶝᵸᴳᵲᶫᶨᶍ᷄ᶽḲᴻᶱ ᵶᶅᴲḏḘ

ᶹḁᶆ᷊ḥᴻḐᵴᶫᶅᵣ  ᶅUSM ᶩ ᶅᶍ ᶱḎḁḐᶆᵬᶝᵸᴳᵴᶨᶊᴲ

ᶩ ᶅᵫḣḁḐᶇḏḘᶹḁᵪᶨ ᶊᶷ᷄ḃḁᶆᵬᶪᵪ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳ

᷄ᶽḲᴻ ᶍ ᶉḲḁḐᶱ  6 -10  ᶊ ᵶᶝᵸᴳ  12 ᶆᶎᴲ᷄ᶽḲᴻᶍḩ᷀ḓ

ḂḨᶊᶃᵣᶅ ᵶᵮ ᵶᶝᵸ G
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#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

namespace  dinfo  = info :: device ;  

constexpr  int  N = 42;  

 

template  <typename  T>  

void  foo ( T data , id <1> i ) {  

  data [i] = N;  

}  

  
int  main () {  

 queue  q;  

 auto  dev = q. get_device ();  

 auto  ctxt = q. get_context ();  

 bool  usm_shared = dev . has ( aspect ::usm_shared_allocations);  

 bool  usm_device = dev . has ( aspect ::usm_device_allocations);  

 bool  use_USM = usm_shared || usm_device;  

 

 if  (use_USM) {  

    int  *data;  

  if  (usm_shared) {  

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

  } else   /* use device allocations */  {  

   data = malloc_device <int >(N, q);  

     }  

  std ::cout << "Using USM with "  

   << (( get_pointer_type (data, ctxt) ==  

    usm:: alloc ::shared)  

    ? "shared "   

     : "device" )  

   << " allocations on "  

   << get_pointer_device (data, ctxt)  

                     . get_info <dinfo :: name>()  

   << " \ n" ;  

  q. parallel_for (N, [=]( id <1> i ) { foo (data, i); });  

  q. wait ();  

  free (data, q);  

} else   /* Ḙḋḝᶶᴻᶱ s */  {  

 buffer <int , 1> data{ range {N}};  

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

 accessor  a( data , h);  

 h. parallel_for (N, [=]( id <1> i ) { foo (a, i); });  

 });  

 q. wait ();  

  }  

 return  0;  

}  

 
 6 - 9.  USM ḥᶹḻḇᴻᶇḏḘᶹḁᶊ ᵸᶪ᷄ᶽḲᴻ 
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ᶷḁḢ᷄Ḑ  
aspect::usm_device_allocations  ᵲᶍḏḘᶹḁᶎḏḘᶹḁ ᶩ ᶅ

ᶱ᷊ḥᴻḐᵶᶅᵣᶝ  н
aspect::usm_host_allocations  ᵲᶍḏḘᶹḁᶎḣḁḐ ᶩ ᶅᶱ

᷊ḥᴻḐᵶᶅᵣᶝ  н
aspect::usm_atomic_host_allocations  ᵲᶍḏḘᶹḁᶎᴲḏḘᶹḁᶊᶧᶂ

ᶅ ᶮᶫᶪḣḁḐ ᶩ ᶅᶱ᷊

ḥᴻḐᵶᶅᵣᶝ  н
aspect::shared_allocations  ᵲᶍḏḘᶹḁᶎ ᶩ ᶅᶱ

᷊ḥᴻḐᵶᶅᵣᶝ  н
aspect::atomic_shared_allocations  ᵲᶍḏḘᶹḁᶎ ᶩ ᶅᶱ

᷊ḥᴻḐᵶᶅᵩᶩᴲḣḁḐᶇḏḘ

ᶹḁᶎ ᶩ ᶅᶊ ᶊᶷ

᷄ḃḁᵶᶅᶷḐḧḋ᷄ᶊ ᶆᵬ

ᶝ  н
aspect::usm_system_allocations  ᵲᶍḏḘᶹḁᶎ ᶩ ᶅᶍ

ᶱ᷊ḥᴻḐᵶᶅᵣᶝ  н

 
 6 - 10.  USM ḏḘᶹḁᶷḁḢ᷄Ḑ 

 

ᵡᶇ╗ᶃᵿᵰ 
 

ᶝᵿ ᶩ ᵱᶅᵣᶉ  rUSM ᶍ ᵫᶡ  v1 ᶃᵡᶩᶝᵸᴳᵲᶍ ᶆ ᵶᵾ 

USM ᶍ ᶆᶎᵸᶘᶅᴲ ᶉ ᶩ ᶅ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶎ

ᵬᶉ ᶆᶎᵡᶩᶝᵺᶲᵫ  Ǝmalloc  ᶝᵾᶎ new ⱳ ᶍ ᶆ᷿ḁḎḨᴴᶷ

ḵ᷆ᴻḇᴻᶱ ᵸᶪ ᶍ C++ ᷈ᴻḑᶱ ᵸᶪ ᵫᵡᶩᶝᵸCGPU ᶉ

ᶈᴲ╗ ᶍḏḘᶹḁᶆᶎᵲᶍ ᶎ ᶉᵣᵪᶡᵶᶫᶝᵺᶲᵫᴲᶚᶇᶲᶈᶍᶷ᷄ḃ

ḱḴᴻḇᴻ  HḏḘᶹḁᶆᶎ∟ ᶇᵶᶅ ᶆᵸᴳᵲᵲᶆᶎᴲ┌ ᶱ ᶠᶪᵾᶠ 

USM ᶩ ᶅ ᶱ ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳᵾᵿᵶᴲ᷿ḁḎḨᴴᶷḵ

᷆ᴻḇᴻᶱ᷊ḥᴻḐᵸᶪᶷ᷄ḃḱḴᴻḇᴻᶍ ᵫ ᵴᶨᶊ ᵧᶪᶇ ᵧᶨᶫᶝ

ᵸᴳᵲᶍᶧᵥᶉḏḘᶹḁᶊᶧᶩᴲḟḵ᷅ḱḦᴻᶎ ᶉḇᶹḟᶍ USM ḩḪḲᴻᶱ

ᶩ ᶅᵾᶩᴲ ᶉḇᶹḧḻ᷅ᶆ ᵶᵣḏᴻḇᶱ᷈Ḝᴻᵸᶪ ᵫ ᵰᶪᵾᶠᴲ

ḟḵ᷅ḱḨᵫ ᶊ ᵴᶫᶝᵸטּ  G 

ᵡᶪ≥ ᶆᶎᴲ᷿ḁḎḨᴴᶷḵ᷆ᴻḇᴻᶍ᷊ḥᴻḐᶎ USM ᶍ ᶉ ᶇטּ ᶉ

ᵸᵲᶇᵫᶆᵬᶝᵸᴳᶃᶝᶩᴲ ᶉ ᶩ ᶅ ᶍ ᶱ ᶇᵺᵹᶊ  Ǝ

USM ᶩ ᶅᶍ ᵫᶡᵾᶨᵴᶫᶪᵲᶇᶊᶉᶩᶝᵸ G

 

 
 

 



 

 

 

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲḏᴻḇ ᶊḥᶹḻḇᴻḡᴻḁᶱ ᵸᶪ ḩḪḲᴻᶊᶃᵣ

ᶅ ᵶᶝᵶᵾ UGSM ᵫ ᵸ  ᶅ3 ᶃᶍ ᶩ ᶅᶊᶃᵣᶅ ᵶᶝᵶᵾUGSM 

ᶱ ᵶᶅḩḪḲᴻᶱ ᶩ ᶅᵾᶩᴲ ᶩ ᶅ ᵸᶪᵴᶝᵵᶝᶉ ᶇᴲḏḘᶹ

ḁ ᶩ ᶅᶆᶎḏᴻḇ┌ ᶱ ᵾᶀ (ḟḵ᷅ḱḦ )ᴻ ᵫ ᶊ ᵸᶪ ᴲ

ḣḁḐᶝᵾᶎ ᶍ ᶩ ᶅᶆᶎ᷿ḁḎḨᶊᶧᶂᶅ∆ ᶊ ᵸᶪ ᶊᶃᵣ

ᶅ ᵶᶝᵶᵾᴳ ᶊᴲḏḘᶹḁᵫ᷊ḥᴻḐᵸᶪᵴᶝᵵᶝᶉ USM ᶱ ᵸ

ᶪ ᶇᴲḟḵ᷅ḱḨ ᶍ USM ḥᶹḻḇᴻᶊ ᵸᶪ ᶱ ᵸᶪ ᶊᶃᵣ

ᶅ ᵶᶝᵶᵾ  G

 

ᶆᶎ ᶊᶃᵣᶅᶎᶝᵿ ᵶᵮ ᵶᶅᵣᶉᵣᵾᶠUƎSM ᶊᶃᵣᶅᶎᴲ

ᶍ ᶆḁ᷆Ḁḭᴻḳᴲ ᴲᵩᶧᶒ ᶊᶃᵣᶅ ᶫᶪᶇᵬᶊ ᵶᵮ ᵶᶝᵸᴳ

ᶊᶎ UƎSM ᶊ ᵸᶪᵲᶫᶨᶍ נּ ᶊᶃᵣᶅᶎᴲ  8 ᴲ  9 ᴲᵩ

ᶧᶒ  19 ᶆ ᵶᶝᵸ  G

 

ᶍ ᶆᶎᴲḏᴻḇ ᶍ 2 ᶍ ᶆᵡᶪḘḋḝᶶ ᶊᴻᶃᵣᶅ ᵶᶝᵸ  G

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

  

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

 7  Ḙḋḝᶶ  ᴻ
 

 

ᵲᶍ ᶆᶎᴲḘḋḝᶶᴻᶍ ᶊᶃᵣᶅטּ ᵶᶝᵸᴳ ᶍ ᶆᶎᴲḥᶹḻḇᴻḡ

ᴻḁᶍḏᴻḇ ᶆᵡᶪ ḩḪḲ  ᴻ(USM) ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ

USM ᶆᶎᴲḩḪḲᴻᵫᶈᵲᶊ ᵴᶫᴲᶈᵲᵪᶨᶷ᷄ḃḁᶆᵬᶪᵪ ᵧᶉᵰᶫᶏ

ᶉᶩᶝᵺᶲᴳḘḋḝᶶᴻᶍ ╬ᶎᴲᵲᶫᶨᶱḟḵ᷅ḱḦᴻᵪᶨטּ ᵸᶪ Ḵḡḳ

ᶍḪḏḳᶆᵸᴳḘḋḝᶶᴻᶎḏᴻḇᶱ ᵸᵿᵰᶆᵡᶩᴲḏᴻḇᵫḩḪḲᴻᶊᶈᶍᶧ

ᵥᶊ ᵩᶧᶒ┌ ᵴᶫᶪᵪᶎḱḻḇᶹḨᶍ ᶆᵸᴳ 

 

ᵲᶍ ᶆᶎᴲḏᴻḇ ᶍ ᶷḟḵᴻḉᶱ ᵶᶝᵸᴳḘḋḝᶶᴻᶇ USM ᶍ

ᶎᴲ ᵮᶍ ᴲ ᶞᶇ ᶍ᷈ᴻḑᶍḁḇᶹḳᶊᶧᶂᶅ ᶝᶩᴲᶷḟḲ᷆ᴻ᷿

ḯḻᶆᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻ ᶍᵴᶝᵵᶝᶉḏᴻḇᶱ ᵸᶪᵾᶠ 2 ᶃᶍḁḇᶹḳ

ᶱ ᶊ ᶞ ᶮᵺᶪᵲᶇᵫᶆᵬᶝᵸ  G

 

USM ᶎᴲḩḪḲᴻᶍᵴᶝᵵᶝᶉ ᶱטּ ᵸᶪᵿᵰᶆᵸUGSM ᶎḥᶹḻḇ

ᴻḡᴻḁᶆᵡᶩᴲḘḋḝᶶᴻᶎᶧᶩ Ḵḡḳᶍ ᶆᵸᴳḘḋḝᶶᴻᶍטּ Ḵטּ

ḡḳᶊᶧᶩᴲḘḋḝᶶᴻᶊ ᶝᶫᶪḏᴻḇᶎᶷḟḲ᷆ᴻ᷿ḯḻ ᶍ ≥ᶍḏḘᶹḁ

ᶆ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳᵲᶍ ᴲᵼᶍḏᴻḇᶱ סּ ᶊᵸᶪᵾᶠᶊ

ᶉᵲᶇᶎᴲᵸᶘᶅḱḻḇᶹḨᶊᶧᶂᶅ ᵴᶫᶝᵸᴳUSM ᶍḥᶹḻḇᴻḡᴻḁ

ᶍḪḏḳᶎᴲḲḻ᷄ḲḁḐᴲḌḲᴻᶉᶈᶍḥᶹḻḇᴻḡᴻḁᶍḏᴻḇ ᶱ ᵸᶪ

ᶷḟḲ᷆ᴻ᷿ḯḻᶊ ᵶᶅᵣᶝᵸᴳᵸᶆᶊḥᶹḻḇᴻᶱ ᵶᶅᵣᶪ ᶍ᷈ᴻḑ

ᶊḘḋḝᶶᴻᶱ ᶞ ᶟᶍᶎᴲ ᵶᵣ ᶡᵡᶩᶝᵸᴳᵾᵿᵶᴲḘḋḝᶶᴻᶎ᷿ḁḎ

Ḩ ᶍᵸᶘᶅᶍḏḘᶹḁᶆ ᵸᶪᵲᶇᵫ ᵴᶫᶅᵣᶝᵸᵫᴲ╗ ᶍḏḘᶹḁ

ᶆᶎ USM ᶍ ᶍḪᴻḑ (ᶝᵾᶎᶈᶍḪᴻḑ )ɟ ᶱ᷊ḥᴻḐᵶᶉᵣ ᵫᵡᶩ

ᶝᵸ  GᵼᶫᶆᶎᴲḘḋḝᶶᴻᶊᶃᵣᶅ ᵶᵮ ᶅᵣᵬᶝᵶᶦᵥᴳ 

 

 

 

 

 

 

 

 

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_7  
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Ḙḋḝᶶᴻᵫᶈᶍᶧᵥᶊ ᵴᶫᴲ ᵴᶫᶪᵪᶱ ᵶᵮ ᶅᵣᵬᶝᵸᴳḘḋḝ

ᶶ ᶍᴻ ᶆᶎᴲʊ ᷄ḃ᷊ᴻɵ ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳḘḋḝᶶᴻᶎḟḵ᷅ḱ

Ḩ ᶍḏᴻḇᶍ ᶇ ᶱ ᵶᶝᵸᵫᴲḘḋḝᶶᴻᶱטּ ᵶᶅḏᴻḇ

ᶊ ᶷ᷄ḃḁᵸᶪᵲᶇᶎᵡᶩᶝᵺᶲᴳ ᶮᶩᶊᴲᶷ᷄ḃḁᵸᶪḏᴻḇᶱᶈᶍᶧᵥ

ᶊ ᵸᶪᵪḱḻḇᶹḨᶊ ᵸᶪᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶝᵸᴳᶷ᷄ḃ

᷊ᴻᶎᴲḇḁ᷄᷅ḱḝ ᶍ ᶉḏᴻḇ∟ ḩ᷀ḓḂḨᶊ ᶊ ᵴᶫᶅᵣᶝ

ᵸᴳḘḋḝᶶᴻᶆ סּ ᶉᵲᶇᶱ ᵶᵾ ᴲḟḵ᷅ḱḨᶆᶷ᷄ḃ᷊ᴻᶱ ᵶ

ᶅ ᵸᶪ ᶱ ᵶᶝᵸ  G

 

 

Ḙḋḝᶶ  ᴻ
 

Ḙḋḝᶶᴻᶎḏᴻḇᶍ Ḵḡḳᶍ ᶆᵸᴳḘḋḝᶶᴻᶎטּ ᵹᵶᶡ ╗ᶍ ᴲ

ᶝᵾᶎּי ḩḪḲᴻᶷḑḴḁᶊ ᵰᶨᶫᶪᶮᵰᶆᶎᵡᶩᶝᵺᶲᴳ ᶊᴲḱḻ

ḇᶹḨᶎḘḋḝᶶᴻᵫ ᵸᶪḩḪḲᴻ ᶍᵴᶝᵵᶝᶉ  (│ᶉᶪḏḘᶹḁ ᶆ

)ɟ ᶱ ᶊ ᶆᵬᶝᵸᵫᴲḱḻḇᶹḨᶎ ᶊḏᴻḇᶍ╗ ᵶᵾḛḭᴻᶱ ᵸ

ᶪ ᵫᵡᶩᶝᵸᴳḘḋḝᶶᴻᶎᴲḣḁḐ ᵩᶧᶒ ≥ᶍḏḘᶹḁ ᶆᶷ᷄ḃḁᶆ

ᵬᶝᵸ  G

 
template  <typename  T, int  Dimensions , AllocatorT  allocator >  

class  buffer ;  

 
 7 - 1.  Ḙḋḝᶶᴻ᷄ḱḁᶍ  

 

buffer  ᷄ḱḁᶎᴲ  7 -1 ᶊ  н3 ᶃᶍḎḻḟḴᴻḐ╥ ᶱ ᶃḎḻḟḴᴻ

Ḑᴴ᷄ḱḁᶆᵸᴳ ᶍḎḻḟḴᴻḐᶎᴲḘḋḝᶶᴻᶊ ᵴᶫᶪᶿḞḀᶼ᷄Ḑᶍḇᶹ

ḟᶆᵸᴳᵲᶍḇᶹḟᶎḏḘᶹḁᶆ᷈Ḝᴻּס ᶆᵡᶪ ᵫᵡᶩᴲᵲᶫᶎ C++ ᶆ

ᵴᶫᶅᵣᶪᶧᵥᶊ ᶊ᷈Ḝᴻּס ᶇᵣᵥ ᶱ ᵶᶝᵸᴳ ᶊ᷈Ḝᴻּס

ᶉḇᶹḟᶎᴲ ᶉ᷈Ḝᴻᴴ᷈ḻḁḐḱ᷄ḇᴻᶣ┌ ᷈ḻḁḐḱ᷄ḇᴻᶱ ᵺᵹ

ᶊḘᶹḐ ∞ᶆ᷈Ḝᴻᵶᶅᶡ↨ ᶆᵸᴳḏḘᶹḁᶍ᷈Ḝᴻּס ᶉḇᶹḟᶎᴲᵲᶍ

ᶱ std::pair  ᶣ std::tuple  ᶉᶈ ᶍ C++ ḇᶹḟᶊ ᶊ ᵶ

ᶝᵸ 2G ᶍḎḻḟḴᴻḐ╥ ᶎᴲḘḋḝᶶᴻᶍ ᶱ ᵸ ᶆᵸᴳ ᶍḎ

ḻḟḴᴻḐ╥ ᶎᶿḟ᷿ḯḻᶆᵡᶩᴲ ᶎḏḝᶾḳḐ ᵫ ᵴᶫᶝᵸᴳ  
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ᵲᶍ╥ ᶎᴲḘḋḝᶶᴻᶊ ᶉḣḁḐ ᶍḩḪḲᴻ ᶩ ᶅᶊ ᵴᶫᶪ 

C++ ḁḇᶹḳᶍᶷḵ᷆ᴻḇᴻᴴ᷄ḱḁᶱ ᵶᶝᵸᴳᶝᵹᴲḘḋḝᶶᴻᴴᶿḞḀᶼ

᷄Ḑᶱ ᵸᶪᵴᶝᵵᶝᶉ ᶱ ᶅᵣᵬᶝᵶᶦᵥᴳ 

 

Ḙḋḝᶶᴻᶱ  

 

ᶍ ᶆᶎᴲḘḋḝᶶᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵸᶪᵣᵮᶃᵪᶍ ᶱ ᵶᶝᵸᴳ

ᶱ ᶊ ᶅᴲᵼᶫᵽᶫᶍᶹḻḁḇḻḁᶱ ᵶᶝᵸᴳ 

 
// ḏḝᶾḳḐᶍᶷḵ᷆ᴻḇᴻᶱ ᵶᶅ 2x5 int ᶍḘḋḝᶶᴻᶱ  

buffer <int , 2, buffer_allocator< int >> b1{ range <2>{ 2, 5}};  

 

// range ᶊḏḝᶾḳḐᴴᶷḵ᷆ᴻḇᴻᶇ CTAD ᶱ ᵶᶅ 2Ǝx5 ᶍ int  

// Ḙḋḝᶶᴻᶱ  

buffer <int , 2> b2{ range { 2, 5}};  

 

// ḏḝᶾḳḐᶆ ᵴᶫᵾ std::allocator ᶱ ᵶᶅ  Ǝ

// 20 ᶍ float Ḙḋḝᶶᴻᶱ  

buffer <float , 1, std ::allocator< float >> b3{ range { 20}};  

 

// ᵴᶫᵾᶷḵ᷆ᴻḇᴻᶱ ᵶᶅᴲᶍ 20 ᶍ float Ḙḋḝᶶᴻᶱ  

std ::allocator< float > myFloatAlloc;  

buffer <float , 1, std ::allocator< float >> b4{ range ( 20),  

myFloatAlloc};  

 
 7 - 2.  Ḙḋḝᶶᴻᶱ  (1)  

 

 7 -2  ᶆ ᵸᶪ ᶍḘḋḝᶶ  ᴻb1  ᶎ 1Ǝ0 ᶍ ᶍ 2 Ḙḋḝᶶ

ᴻᶆᵸᴳᵸᶘᶅᶍḎḻḟḴᴻḐ╥ ᶱ ᶊ ᵶᴲᵴᶨᶊ 

buffer_allocator<T>  ᶍḏḝᶾḳḐ ᶱᶷḵ᷆ᴻḇᴻᴴḇᶹḟᶇᵶᶅ ᵶᶝᵸᴳ

buffer_allocator  ᶡḎḻḟḴᴻḐ ᶆᵡᶪᵾᶠᴲ

buffer_allocator<int>  ᶱ ᵶᶅᴲḘḋḝᶶᴻᶇ ᶊ ᶊ טּ

ᵸᶪ ᵫᵡᶩᶝᵸᴳᵾᵿᵶᴲ ᶍ C++ ᶱ ᵸᶪᶇᴲᵲᶫᶱᵴᶨᶊ᷈ḻḙ

᷄Ḑᶊ ᶆᵬᶝᵸᴳḘḋḝᶶᴻ b2 ᶡᴲḏḝᶾḳḐᶍᶷḵ᷆ᴻḇᴻᶱ ᵸᶪ 

10 ᶍ ᶍ 2 ḘḋḝᶶᴻᶆᵸᴳᵲᵲᶆᶎCƎ++17 ᶍ᷄ḱḁᴴḎḻḟḴ

ᴻḐ╥  (CTAD) ᶱ ᵶᶅᴲḎḻḟḴᴻḐ╥ ᶱ ᵶᶝᵸᴳ  
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CTAD ᶎ ᵆᵸᶘᶅᵪᴲᶝᶂᵾᵮᶉᵣᵪᵇ ᶍḌᴻḳᶆᵸᴳᶃᶝᶩᴲ᷄ḱḁᶍᵸᶘᶅᶍ

ḎḻḟḴᴻḐ╥ ᶱ ᵸᶪᵪᴲᶝᶂᵾᵮ ᵶᶉᵣᵪᶍᶈᶀᶨᵪᶆᵸᴳᵲᶍ ᴲ

2 ᶃᶍ╥ ᶱ ᶪ ∫ᶆ b2 ᶱ ᵸᶪᶇᵣᵥטּ ᵪᶨᴲᵼᶫᵫ 2 ᶍ

∫ᶆᵡᶪᶇ ᵶᶝᵸᴳᶷḵ᷆ᴻḇᴻᴴḎḻḟḴᴻḐ╥ ᶊᶎḏḝᶾḳḐ ᵫᵡᶪ

ᵾᶠᴲḘḋḝᶶᴻᶱ ᵸᶪᶇᵬᶊ ᶊ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳ 

 

Ḙḋḝᶶ  ᴻb3  ᶱ ᵶᶅ 2Ǝ0 ᶍ float  ᶍḘḋḝᶶᴻᶱ ᵶᴲḏḝᶾḳḐ

ᶆ ᵴᶫᵾ std::allocator  ᶱ ᵶᶅḣḁḐ ᶆ ᶉḩḪḲᴻᶱ ᶩ

ᶅᶝᵸᴳḘḋḝᶶᴻᶆ᷀ḁḇḨᴴᶷḵ᷆ᴻḇᴻᴴḇᶹḟᶱ ᵸᶪ ᴲḏḝᶾḳḐᶆ

ᵴᶫᵾᶷḵ᷆ᴻḇᴻᴴᶿḞḀᶼ᷄Ḑᶍ ᶮᶩᶊᴲ ᶍᶷḵ᷆ᴻḇᴻᴴᶿḞḀᶼ

᷄ḐᶱḘḋḝᶶᴻᶊ ᵶᶅ ᵸᶪᵲᶇᵫᶧᵮᵡᶩᶝᵸᴳ Ḙḋḝᶶ  ᴻb4 ᶎᴲ᷈ḻḁ

Ḑḱ᷄ḇᴻᶍ ᶒ ᵶᶍ ∫ᶍ ᶍᶷḵ᷆ᴻḇᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶅᴲ ᵸ

ᶪ ᶱ ᵶᶅᵣᶝᵸ  G

 

ᵲᶍ ᶍ ᶍ 4 ᶃᶍḘḋḝᶶᴻᶆᶎᴲḘḋḝᶶᴻᶊ ᶉḩḪḲᴻᶱ ᶩ

ᶅᴲ ᶊᵼᶍḏᴻḇᶱ ᵶᶝᵺᶲᴳטּ ᶊ סᵴᶫᶅᵣᶪּטּ ᶍᵡᶪ

ᶍ C++ ᶩ ᶅᶱ וֹ ᶊḱḋḟᵸᶪᵾᶠᴲḘḋḝᶶᴻᶱ ᵸᶪᶍᶎ╗

ᶉḙḇᴻḻᶆᵸᴳᵲᶫᶱ ᵸᶪᶊᶎᴲ ᶍḅᴻḁᶱḘḋḝᶶᴻᴴ᷈ḻḁḐ

ḱ᷄ḇᴻᶊ ᵶᶝᵸᴳᵼᶫᶊᶧᶩᴲᵣᵮᶃᵪᶍᵲᶇᵫּס ᶊᶉᶩᶝᵸᴳ ᶍ ᶆᵼ

ᶫᶱ ᵶᶝᵸ  G

 
// 4 ᶃᶍ double ᶍḘḋḝᶶᴻᶱ ᵶ Ǝ

// ḣḁḐḥᶹḻḇᴻᵪᶨ  ᵶᶝᵸᴳטּ
double  myDoubles [ 4] = { 1.1 , 2.2 , 3.3 , 4.4 };  

buffer  b5{myDoubles, range { 4}};  

 

// 5 ᶃᶍ double ᶍḘḋḝᶶᴻᶱ ᵶᴲᵼᶫᶱḣḁḐḥᶹḻḇᴻᵪᶨ 

// const double ᶊ ᵶᶝᵸטּ  G

const  double   myConstDbls [ 5] = { 1.0 , 2.0 , 3.0 , 4.0 , 5.0 };  

buffer  b6{myConstDbls, range { 5}};  

 

// int ᶗᶍ ḥᶹḻḇᴻᵪᶨḘḋḝᶶᴻᶱ ᵶᶝᵸᴳ 

auto  sharedPtr = std :: make_shared <int >( 42);  

buffer  b7{sharedPtr, range { 1}};  

 
 7 - 3.  Ḙḋḝᶶᴻᶱ  (2)  
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 7 -3  ᶆᶎᴲḘḋḝᶶ  ᴻb5 ᶎ 4 ᶃᶍ double  ᶍ 1 Ḙḋḝᶶᴻᶱ

ᵶᶝᵸᴳḘḋḝᶶᴻᶍ᷈ḻḁḐḱ᷄ḇᴻᶊᶎᴲḘḋḝᶶᴻᶍ᷊ᶹḂᶱ ᵸᶪḴḻḀ

ᶇ C  myDoubles  ᶗᶍḣḁḐḥᶹḻḇᴻᶱ ᵶᶝᵸᴳᵲᵲᶆᴲCTAD ᶱ

ᶊ ᵶᶅᴲḘḋḝᶶᴻᶍᵸᶘᶅᶍḎḻḟḴᴻḐ╥ ᶱ ᵸᶪᵲᶇᵫᶆᵬᶝᵸᴳ

╥ᵬ ᵸḣḁḐḥᶹḻḇᴻᶎ double  ᶱ ᵶᴲᵲᶫᶊᶧᶩḘḋḝᶶᴻᶍḏᴻḇ ᵫ

ᵴᶫᶝᵸᴳ ᶎ 1 ᶍ ∫ᵪᶨ ᶊ ᵴᶫᶝᵸ 1G ᶍ ∫

ᶎ 1 ᶃᶍ ᶆᶍᶞ ᵴᶫᶪᵾᶠ ᶆᵬᶝᵸ  G ᶊᴲḏḝᶾḳḐᶍᶷḵ᷆

ᴻḇᴻᵫ ᵴᶫᶪᵾᶠᴲᵼᶫᶱ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳ 

 

ḣḁḐḥᶹḻḇᴻᶱ ᵸᶇᴲᵣᵮᶃᵪᶍ ≥ᵸᶘᵬ☼ ᵫ ᵷᶝᵸᴳḣḁḐḩḪḲ

ᴻᶗᶍḥᶹḻḇᴻᶱ ᵸᵲᶇᶆᴲḘḋḝᶶᴻᶍ ᶊḣḁḐḩḪḲᴻᶊᶷ᷄

ḃḁᵶᶉᵣᵲᶇᶱḱḻḇᶹḨᶊ ᶨᵺᶪᵲᶇᶊᶉᶩᶝᵸᴳᵲᶫᶎ SYCL ᶊᶧᶂ

ᶅ ᵴᶫᶪᶡᶍᶆᶎᶉᵮ ( ᵸᶪᵲᶇᶡᶆᵬᶝᵺ )ɸᴲᵲᶍ ᶊ┴ ᵶᶉᵣ

ᵲᶇᶎ ᵾᶀᶍ ᶆᵸᴳḘḋḝᶶᴻᵫ ᶉ ᶊᵲᶍḩḪḲᴻᶊᶷ᷄ḃḁᵸᶘᵬ

ᶆᶉᵣ ᶍ 1 ᶃᶎᴲ ᶍטּ ᵪᶨᴲḘḋḝᶶᴻᵫḘḋḝᶶᴻᶍ ᶱ ᵸ

ᵾᶠḣḁḐ ᶍ ᶍḩḪḲᴻᶱ ᵸᶪּס ᵫᵡᶪᵾᶠᶆᵸᴳᵼᵥᵸᶪᶇᴲ ᶎ

ḣḁḐḥᶹḻḇᴻᵪᶨᵲᶍ ᵶᵣḩḪḲᴻᶊ᷈Ḝᴻᵴᶫᶝᵸᴳ ᶍ᷀ᴻḕḳᵫḘ

ḋḝᶶᴻᶱ ᵸᶪᶇᴲ ᶍḣḁḐḥᶹḻḇᴻᶎ ᵴᶫᵾ ḥᶹḻḐᶝᶆ

ᵴᶫᵾ ᶱ ☿ᵶᶝᵺᶲᴳḏᴻḇᵫḣḁḐḥᶹḻḇᴻᶊ ᵬ ᵴᶫᶪḇᶹḧḻ᷅ᶊ

ᶃᵣᶅᶎᴲᵲᶍ ᶍ ᶆ ᵶᵮ ᵶᶝᵸᴳ 

 

Ḙḋḝᶶ  ᴻb6  ᶎḘḋḝᶶ  ᴻb5  ᶇ ᶊ ᶅᵣᶝᵸᵫᴲ ᵬᶉ┴ᵣᵫ 1 ᶃᵡ

ᶩᶝᵸᴳᵲᵲᶆᶎcƎonst double  ᶗᶍḥᶹḻḇᴻᶱ ᵶᶅḘḋḝᶶᴻᶱ טּ

ᵶᶅᵣᶝᵸᴳᵲᶫᶎᴲḣḁḐḥᶹḻḇᴻᶱ ᵶᶅᵶᵪ ᶱ ᶞ ᶪᵲᶇᵫᶆᵬᵹᴲ

ᵬ ᶞᶎᶆᵬᶝᵺᶲᴳᵾᵿᵶᴲᵲᶍ ᶍḘḋḝᶶᴻᶍ ᶎᴲḏḈ᷿᷄ḯḻᴴ᷁ᶹḑᵫ 

const  ᶱ ᵶᶅᵣᶉᵣᵾᶠ cƎonst double  ᶆᶎᶉᵮ double  ᶍᶝᶝᶆᵸᴳ

ᶃᶝᶩᴲḘḋḝᶶᴻᶎ᷀ᴻḕḳᶊᶧᶂᶅ ᵬ ᶝᶫᶪᵪᶡᵶᶫᶝᵺᶲᵫᴲḘḋḝᶶᴻ

ᵫ ᵴᶫᵾ ᶊḣḁḐᶱ ᵸᶪᶊᶎᴲ ᶍḩ᷀ḓḂḨᶱ ᵶᶉᵰᶫᶏᶉᶨᶉ

ᵣᵲᶇᶱ≥ ᵶᶝ  н(ᵲᶍ ᶍ ᶆ ᵶᶝ )н  G
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Ḙḋḝᶶᴻᶎ CƎ++ ḥᶹḻḇᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶅ ᵸᶪᵲᶇᶡטּ

ᶆᵬᶝᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᵫᵸᶆᶊ ḥᶹḻḇᴻᶱ ᵶᶅᵣᶪ ᴲᵲᶍ

טּ ᶆᶎ ᵫ ᶊ᷀ᶻḻḐᵴᶫᴲḩḪḲᴻᵫ ᵴᶫᶉᵣᵲᶇᵫ ᵴ

ᶫᶪᵾᶠ ᶆᵸ  GḘḋḝᶶᴻ  b7 ᶎ ╗ᶍ Ḙḋḝᶶᴻᶱ ᵶᴲ ḥᶹḻ

ḇᴻᶱ ᵶᶅ ᵶᶝᵸ Gטּ

 
// ᶹḎḴᴻḇᵪ  ʝ int ᶍḘḋḝᶶᴻᶱ ᵶᶝᵸ G

std ::vector< int > myVec;  

buffer  b8{ myVec. begin (), myVec. end ()};  

buffer  b9{myVec};  

 

// 2x5 int ᶍḘḋḝᶶᴻᶇ 5Ǝ int ᶍ ᵶᶉ  r

// ᷊ḞḘḋḝᶶᴻ  ɵ 2 ᶃᶱ ᵶᶝᵸ  G

buffer <int , 2> b10{ range { 2, 5}};  

buffer  b11{b10, id { 0, 0}, range { 1, 5}};  

buffer  b12{b10, id { 1, 0}, range { 1, 5}};  

 
 7 - 4.  Ḙḋḝᶶᴻᶱ  (3)  

 

᷈ḻḎḒᴻᶎ sƎtd::array sƎtd::vector sƎtd::list sƎtd::map  ᶉᶈᴲ

ᶍ C++ ᶷḟḲ᷆ᴻ᷿ḯḻᶆᶧᵮ ᵴᶫᶝᵸᴳ᷈ḻḎḒᴻᶱ ᵶᶅ 1 

Ḙḋḝᶶᴻᶱ ᵸᶪᶊᶎ2Ǝ ᶃᶍטּ ᵫᵡᶩᶝᵸᴳ ᶍ ᶎ  Ǝ7 - 4  

ᶍḘḋḝᶶ  ᴻb8 ᶊ ᵸᶧᵥᶊ ᶱ ᵶᶝᵸᴳḣḁḐḥᶹḻḇᴻᶍ ᶮ

ᶩᶊᴲḏᴻḇᶍ ᶱ ᵸ ᶇ ᶱ ᵸ ᶍ 2 ᶃᶱḘḋḝᶶᴻᴴ᷈ḻ

ḁḐḱ᷄ḇᴻᶊ ᵶᶝᵸᴳḘḋḝᶶᴻᶍ᷊ᶹḂᶎᴲ ᶱ ᶇ ᵶ

ᵮᶉᶪᶝᶆᶹḻ᷄ḲḩḻḐᵸᶪᵲᶇᶊᶧᶂᶅ ᵴᶫᶪ ᶍ ᶇᵶᶅ ᵴᶫᶝᵸᴳ  

ᵲᶫᶎ CƎ++  InputIterator  ᶹḻḇᴻḝᶼᶹḁᶱ ᵸᶪᵸᶘᶅᶍḏᴻḇ ᶊ

ᶀᶝᵸᴳḘḋḝᶶᴻᶍ ᶱ ᵸᶪ᷈ḻḎḒᴻᴴᶿḞḀᶼ᷄Ḑᶡ ᵶᶅ

ᵣᶫᶏᴲᵴᶨᶊ ᶊḘḋḝᶶᴻᶱ ᶆᵬᶝᵸᴳ Ḙḋḝᶶ  ᴻb9 ᶎᴲ᷈ḻḁḐḱ

᷄ḇᴻᶊḡ᷄Ḑḳᶱ ᵸᵿᵰᶆḡ᷄ḐḳᵪᶨḘḋḝᶶᴻᶱ ᶆᵬᶝᵸᴳḘḋḝᶶ

ᴻᶍ᷊ᶹḂᶎ ᶊטּ ᵴᶫᵾ᷈ḻḎḒᴻᶍ᷊ᶹḂᶆᵡᶩᴲḘḋḝᶶᴻᶍḏᴻḇ

ᶎ᷈ḻḎḒᴻᶍḏᴻḇ ᶆᵸᴳᵲᶍᶷḟḵᴻḉᶆḘḋḝᶶᴻᶱᵸᶪᶍᶎ╗

ᶆᵡᶩ sƎtd::vector  ᶣ std::array  ᶉᶈᶍ᷈ḻḎḒᴻᵪᶨ ᵴᶫᶝᵸ G
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Ḙḋḝᶶᴻ ᶍ ᶍ ᶎᴲḘḋḝᶶᴻ᷄ḱḁᶍ ᶍ ᶱ ᵶᶅᵣᶝᵸᴳ

ᶍḘḋḝᶶᴻᵪᶨᶍḘḋḝᶶᴻᶍḛḭᴻᶆᵡᶪ᷊ḞḘḋḝᶶᴻᶱ ᵸᶪᵲᶇᵫᶆ

ᵬᶝᵸ  G᷊ḞḘḋḝᶶᴻᶊᶎᴲ Ḙḋḝᶶᴻᶗᶍ ᴲḡᴻḁᴴᶹḻḏḋ᷄ḁᴲ᷊ḞḘ

ḋḝᶶᴻᶍḴḻḀᶍ 3 ᶃᶍ ᵫ ᶆᵸᴳ᷊ḞḘḋḝᶶᴻᶎ᷊ḞḘḋḝᶶᴻᵪᶨ

ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳ ᵷḘḋḝᶶᴻᵪᶨ ᶍ᷊ḞḘḋḝᶶᴻᶱ ᵸᶪ

ᵲᶇᵫᶆᵬᴲᵼᶫᶨᶎ ᶊᶿᴻḘᴻḱḋḟᶆᵬᶝᵸᴳḘḋḝᶶᴻ b10  ᶎḘḋḝᶶ

ᴻ b2 ᶇ ᵷᶧᵥᶊ ᵴᶫᴲ ᵳᶇᶊ 5 ᶃᶍ ᶱ ᶃ 2 ᶍ Ḙḋḝ

ᶶᴻᶆᵸᴳ ᶊᴲḘḋḝᶶᴻ b10  ᵪ  ʝ2 ᶃᶍ᷊ḞḘḋḝᶶ  ᴻb11  ᶇ b12  ᶱ

ᵶᶝᵸ  G᷊ḞḘḋḝᶶ  ᴻb11  ᶎᶹḻḏḋ᷄ḁ (0,0)  ᵪᶨ ᶝᶩᴲ ᶍ ᶍᵸᶘ

ᶅᶍ ᶱ ᶞᶝᵸᴳ ᶊᴲ᷊ḞḘḋḝᶶᴻ b12  ᶎᶹḻḏḋ᷄ḁ (1,0)  ᵪᶨ

ᶝᶩ 2Ǝ ᶊᵡᶪᵸᶘᶅᶍ ᶱ ᶞᶝᵸᴳᵲᶫᶊᶧᶩ2Ǝ ᶃᶍ ᵶᵾ᷊ḞḘ

ḋḝᶶᴻᵫ ᵴᶫᶝᵸᴳ᷊ḞḘḋḝᶶᴻᶎ ᵶᶉᵣᵾᶠᴲ│ᶉᶪ᷀ᴻḕḳᵫ│

ᶉᶪ᷊ḞḘḋḝᶶᴻ ᶆ ᶊ ᶆᵬᶝᵸᵫᴲ ᷅ḱḝᶇ∟ ᶍḁ᷆Ḁḭ

ᴻḳ ᶊᶃᵣᶅᶎ ᶍ ᶆ ᵶᵮ ᵶᶝᵸ G
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queue  q;  

int  my_ints [ 42];  

 

// 42 ᶍ int Ḙḋḝᶶᴻᶱ ᵶᶝ  н

buffer <int > b{ range ( 42)};  

 

// 42 ᶍ int Ḙḋḝᶶᴻᶱ ᵶᴲḣḁḐḥᶹḻḇᴻᶆ  ᵶᴲטּ

// use_host_pointer ḟḵḙḎᶸᴻ ᶱ ᵶᶝנּ  н

buffer  b1{my_ints,  

 range(42), ( 42),  

 { property :: buffer ::use_host_ptr{}}};  

 

// 42 ᶍ int Ḙḋḝᶶᴻᶱ ᵶᴲḣḁḐḥᶹḻḇᴻᶆ  ᵶᴲטּ

// use_mutex ḟḵḙḎᶸᴻ ᶱ ᵶᶝנּ  н

std ::mutex myMutex;  

buffer  b2{my_ints,  

 range(42), ( 42),  

 { property :: buffer ::use_mutex{myMutex}}};  

// ᵲᶍḘḋḝᶶᴻᶆ ᵴᶫᶪḧḭᴻḎḋ᷄ḁᶗᶍḥᶹḻḇᴻᶱ ᵶᶝᵸ 

auto  mutexPtr =  

b2. get_property <property :: buffer ::use_mutex>()   

. get_mutex_ptr ();  

// ḁ᷈ᴻḟᵪᶨ ᶪᶝᶆḧḭᴻḎḋ᷄ḁᶱḵḋ᷄ᵶᶝᵸ  

std ::lock_guard< std ::mutex> guard{*mutexPtr};  

 

// ḣḁḐḥᶹḻḇᴻᵪᶨ  ᵴᶫᵾ 42 ᶍטּ

// int ᶍ᷈ḻḎ᷂ḁḐᴴḘᶹḻḑᴴḘḋḝᶶᴻᶱ ᵶᶝᵸ 

buffer  b3{  

my_ints,  

range ( 42),  

{ property :: buffer ::context_bound{ q. get_context ()}}};  

 
 7 - 5.  ḘḋḝᶶᴻᴴḟḵḙḎᶸᴻ 

 

ḘḋḝᶶᴻᴴḟḵḙḎᶸ ᴻ

 

Ḙḋḝᶶᴻᶎᴲᵼᶍ ᶱ ᵸᶪ ᶉḟḵḙḎᶸᴻᶱ ᵶᶅ ᵸᶪᵲᶇ

ᶡᶆᵬᶝᵸᴳ  7 -5  ᶆᶎ 3Ǝ ᶃᶍ│ᶉᶪᶿḟ᷿ḯḻᶍḘḋḝᶶᴻᴴḟḵḙḎᶸᴻᶍ

ᶱ ᵶᴲᵼᶫᶨᶍ ᶊᶃᵣᶅ ᵶᶝᵸᴳᵲᶫᶨᶍḟḵḙḎᶸᴻᶎ

ᶍ᷈ᴻḑᶆᶎ ᶆᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ 
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use_host_ptr  

 

Ḙḋḝᶶᴻ ᶊᶿḟ᷿ḯḻᶆ ᶆᵬᶪ ᶍḟḵḙḎᶸᴻᶎ 

use_host_ptr  ᶆᵸᴳᵲᶍḟḵḙḎᶸᴻᵫ ᵸᶪᶇᴲḘḋḝᶶᴻᵫḣḁḐḩḪḲ

ᴻᶊ ᶩ ᶅᶨᶫᶉᵣᵲᶇᶱ ᵶᶝᵸᴳᶷḵ᷆ᴻḇᴻᵫ ᵴᶫᶪᶇ ᵴᶫᶝᵸᴳ

ᶮᶩᶊᴲḘḋḝᶶᴻᶎ᷈ḻḁḐḱ᷄ḇᴻᶊ ᵴᶫᶪḣḁḐḥᶹḻḇᴻᵫ ᵸḩḪḲ

ᴻᶱ ᵶᶝᵸᴳᵾᵿᵶᴲḏḘᶹḁᵫḘḋḝᶶᴻᶍḏᴻḇᶱ ᵸᶪᵾᶠ ᵷḩḪḲ

ᴻᶱ ᵸᶪ ᶎᶉᵣᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳḏḘᶹḁᶎᴲ ᵴᶫᵾḩḪḲ

ᴻ ᶍḘḋḝᶶᴻᶍ ᶱ᷂ḫḋ᷿ḭᶆᵬᶝᵸᴳᵲᶍḟḵḙḎᶸᴻᶎᴲḣḁḐḥᶹḻ

ḇᴻᵫ᷈ḻḁḐḱ᷄ḇᴻᶊ ᵴᶫᶪ ᶊᶍᶞ ᶆᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ

ᵲᶍᶿḟ᷿ḯḻᶎᴲḟḵ᷅ḱḨᵫᵸᶘᶅᶍḣḁḐḩḪḲᴻ ᶩ ᶅᶱ ᶊ ᵸ

ᶪ ᶊ ᶀᶝᵸᴳᵾᶇᵧᶏᴲḟḵ᷅ḱḦᴻᵫᶷḟḲ᷆ᴻ᷿ḯḻᶍḩḪḲᴻᴴḝḋ

ḐḟḲḻḐᶱ ᶊ ᵧᶪᵲᶇᵫᶆᵬᶝᵸᴳ 

 

 7 -5  ᶍ ᶆᶎᴲ ᶍ ᶇ ᵷᶧᵥᶊḘḋḝᶶ ᴻb ᶱ ᵶᶝᵸᴳ ᶊᴲḘḋ

ḝᶶ  ᴻb1 ᶱ ᵶ mƎyInts  ᶗᶍḥᶹḻḇᴻᶆ  ᵶᶝᵸᴳᶝᵾᴲḟḵḙḎᶸᴻטּ

use_host_ptr  ᶡ ᵶᶝᵸᴳᵲᶫᶎᴲḘḋḝᶶᴻ b1 ᵫ myInts  ᶊᶧᶂᶅ ᵴᶫ

ᶪḩḪḲᴻᶍᶞᶱ ᵶᴲḣḁḐ ᶊ ╗ᶍנּ ḁḐḴᴻḀᶱ ᶩ ᶅᶉᵣᵲᶇᶱ

≥ ᵶᶝᵸ  G

 
use_mutex  

 

ᶍḟḵḙḎᶸ  ᴻuse_mutex  ᶎᴲḘḋḝᶶᴻᶇḣḁḐ᷈ᴻḑ ᶆᶍḩḪḲᴻᶍ

ᶍ ᶊ ᵶᶝᵸᴳᵲᶍḟḵḙḎᶸᴻᶱ ᵶᶅḘḋḝᶶᴻ b2  ᵫ ᵴᶫ

ᶝᵸᴳᵲᶍḟḵḙḎᶸᴻᶎᴲ ᶍ ᵸᶧᵥᶊᴲ ᶆḘḋḝᶶᴻᵪᶨ ᶆᵬᶪ 

mutex  ᶿḞḀᶼ᷄Ḑᶗᶍ ᶱ ᵶᶝᵸᴳᵲᶍḟḵḙḎᶸᴻᶆᶎᴲḣḁḐḥᶹḻḇ

ᴻᶱ᷈ḻḁḐḱ᷄ḇᴻᶊ ᵸ ᵫᵡᶩᴲḱḻḇᶹḨᶎᴲ ᵰ ᶂᵾḣḁḐḥᶹḻḇ

ᴻᶱ ᵷᶅḣḁḐ᷈ᴻḑ ᶍ ᵴᶫᵾ ᶊ↨ ᶊᶷ᷄ḃḁᶆᵬᶪᵪ ᶆᵬᶝ

ᵸᴳḱḻḇᶹḨᶊᶧᶂᶅḣḁḐḥᶹḻḇᴻᵫḘḋḝᶶᴻᶍ ᶍ ᶱ ᵸᶪᵲᶇᵫ

ᵴᶫᶪᶝᶆᴲḧḭᴻḎḋ᷄ḁᶱḵḋ᷄ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳᵲᶫᶎ 

use_host_ptr  ḟḵḙḎᶸᴻᶇ ᶞ ᶮᵺᶪᵲᶇᶡᶆᵬᶝᵸᵫᴲ ᶆᶎᵡᶩᶝ

ᵺᶲ uGse_mutex  ᶎᴲḘḋḝᶶᴻᵫᶝᵿ ᶆᵡᶪ ᶊᴲḣḁḐᴴᶷ᷄ḃ᷊ᴻᴴḩ᷀

ḓḂḨ ( ) ᶱ ᵺᵹᶊᴲḣḁḐ᷈ᴻḑᵫḘḋḝᶶᴻ ᶍḏᴻḇᶊᶷ᷄ḃḁᵸᶪ

ḩ᷀ḓḂḨᶆᵸ  G 
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╗ ᶊᴲḧḭᴻḎḋ᷄ḁᶱ ᵸᶪ ᶉ ᵫᶉᵣ ᶩᴲḣḁḐᴴᶷ᷄ḃ᷊ᴻᴴḩ

᷀ḓḂḨᵫ ᵴᶫᶝᵸᴳᵲᶫᶎᴲḧḭᴻḎḋ᷄ḁᵫ ᶊḵḋ᷄ᵴᶫᴲḏᴻḇᵫḣ

ḁḐ᷈ᴻḑᶆ ᶆᵬᶪᶝᶆᶊᶈᶫᵮᶨᵣᶍ ᶱ ᵸᶪᵪ ᵴᶫᶅᵣᶉᵣᵾ

ᶠᶆᵸ  G

 
context_bound  

 

ᶍḟḵḙḎᶸᴻᶎᴲᵲᶍ ᶍḘḋḝᶶᴻ b3  ᶍ ᶊ ᵴᶫᶅᵣᶝᵸᴳᵲᵲᶆ

ᶎ cƎontext_bound  ḟḵḙḎᶸᴻᶱ ᵶᶅ 42 ᶍ ᶍḘḋḝᶶᴻᵫ

ᵴᶫᶝᵸᴳᵲᶍḟḵḙḎᶸᴻᶎ᷈ḻḎ᷂ḁḐᴴᶿḞḀᶼ᷄Ḑᶗᶍ ᶱ ᵰ ᶩᶝᵸᴳ

ᴲḘḋḝᶶᴻᶎᶈᶍḏḘᶹḁᶣ᷈ḻḎ᷂ḁḐᶆᶡ ᶊ ᶆᵬᶝᵸᴳᵾᵿᵶᴲ

ᵲᶍḟḵḙḎᶸᴻᶱ ᵸᶪᶇᴲḘḋḝᶶᴻᶎ ᵴᶫᵾ᷈ḻḎ᷂ḁḐᶊḵḋ᷄ᵴ

ᶫᶝᵸᴳ ᶍ᷈ḻḎ᷂ḁḐᶆḘḋḝᶶᴻᶱ ᵸᶪᶇᴲḱḻḇᶹḨᶽḱᴻᵫ ᵶᶝ

ᵸ  G 

 

ᵲᶫᶎᴲᵾᶇᵧᶏ᷀ᴻḕḳᵫ ᶂᵾ᷂ḭᴻᶊ ᵴᶫᶪּס ᵫᵡᶪ᷆ᴻḁᶱ

ᵸᶪᵲᶇᶆᴲḟḵ᷅ḱḨᶱḏḘḋ᷅ᵸᶪᶍᶊ ᶀᶝᵸᴳ ᶊᴲᵲᶍḟḵḙ

Ḏᶸᴻᵫ ᵮᶍḟḵ᷅ḱḨᶆ ᵴᶫᶪᵲᶇᶎ ᵴᶫᶅᵣᶝᵺᶲᴳ ≥ᶍ᷈ḻ

Ḏ᷂ḁḐᶆ ≥ᶍḏḘᶹḁ ᶍḘḋḝᶶᴻᶊᶷ᷄ḃḁᵸᶪ ᶎᴲḘḋḝᶶᴻ

ᶍטּ ᶡ ᶉḟḵḙḎᶸᴻᶍ 1 ᶃᶆ  н(ᵲᶍḟḵḙḎᶸᴻᶎᵲᶫᶱ ᶊᵶᶝ

)н  G 

 

Ḙḋḝᶶᴻᶆּךᵫᶆᵬᶪᶆᵶᶦ  v

 

ḘḋḝᶶᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶅᶡᴲᵴᶝᵵᶝᶉᵲᶇᶱ ᵧᶝᵸᴳḘḋḝᶶᴻᶍ

ᶱ ᵶᵾᶩᴲḘḋḝᶶᴻᵫ ᵴᶫᵾ ᶊḏᴻḇᵫḣḁḐḩḪḲᴻᶊ ᵬ

ᵴᶫᶪᵪᴲᶝᵾᶎ ᵬ ᵴᶫᶪ ᶱ ᵶᵾᶩᴲḘḋḝᶶᴻᶱ│ᶉᶪ ᶱ

ᶃḘḋḝᶶᴻᶇᵶᶅ ᵸᶪᵲᶇᵫᶆᵬᶝᵸᴳᵾᵿᵶᴲḘḋḝᶶᴻᵫ ᵸḏᴻḇ

ᶊ ᶷ᷄ḃḁᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳ ᶮᶩᶊᴲḏᴻḇᶊᶷ᷄ḃḁᵸᶪᶷ᷄ḃ᷊

ᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶝᵸᴳᵲᶫᶊᶃᵣᶅᶎᴲᵲᶍ ᶍ ᶆ ᵶᵮ ᵶᶝᵸᴳ 

 

Ḙḋḝᶶᴻᶊ ᵶᶅ סּ ᶉ ᶇᵶᶅᶎᴲḘḋḝᶶᴻᶍ ∫ᴲḘḋḝᶶᴻᵫ

ᵸḏᴻḇ ᶍ ᴲḘḋḝᶶᴻ ᶍ ᶊ ᶉḘᶹḐ ᶉᶈᵫᵡᶩᶝᵸᴳ

ᶝᵾᴲḘḋḝᶶᴻᶊᶧᶂᶅ ᵴᶫᶪᶷḵ᷆ᴻḇᴻᴴᶿḞḀᶼ᷄ḐᶇᴲḘḋḝᶶᴻᵫ

᷊ḞḘḋḝᶶᴻᶆᵡᶪᵪᶡ ᶆᵬᶝᵸ G
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Ḙḋḝᶶᴻᵫ ᵴᶫᵾᶇᵬᶊḣḁḐḩḪḲᴻᶱ ᵸᶪᶍᶎᴲḘḋḝᶶᴻᶍ

ᶊᵩᵣᶅ ᵸᶘᵬ ᶉᵲᶇᶆᵸᴳḘḋḝᶶᴻᶍ ᶊꞌᵷᶅᴲḘḋḝᶶ

ᴻ ᶊ ᶆḣḁḐḩḪḲᴻᵫוֹ ᵴᶫᶪ ᶇ ᵴᶫᶉᵣ ᵫᵡ

ᶩᶝᵸᴳ ḏᴻḇᶗᶍḣḁḐḥᶹḻḇᴻᵪᶨḘḋḝᶶᴻᵫ ᵩᶧᶒ ᵴטּ

ᶫᵾ ᴲḘḋḝᶶᴻᵫ ᵴᶫᶪᶇᴲ ᵷḥᶹḻḇᴻᵫ ᶍḏᴻḇᶆ ᵴᶫ

ᶝᵸᴳᵾᵿᵶᴲḘḋḝᶶᴻᵫᶈᶍᶧᵥᶊ ᵴᶫᵾᵪᶊ ᶉᵮᴲḣḁḐḩḪḲᴻᶱ

ᵸᶪ ᶡᵡᶩᶝᵸ sGet_final_data  ḩḅḋḑᶎᴲ ḥᶹḻḇᴻᴲC++ ᶍ 

OutputIterator ᴲᶝᵾᶎ std::weak_ptr  ᶍᵣᵹᶫᵪᶱ ᵰ ᶫᶪḘḋḝᶶ

ᴻᶍḎḻḟḴᴻḐᴴḩḅḋḑᶆᵸᴳḘḋḝᶶᴻᵫ ᵴᶫᶪᶇᴲḘḋḝᶶᴻᶊ ᶝᶫ

ᶪḏᴻḇᶎ ᵴᶫᵾḣḁḐᶍ ᶊ ᵬ ᶝᶫᶝᵸᴳ  

Ḙḋḝᶶᴻᵫ ḏᴻḇᶗᶍḣḁḐḥᶹḻḇᴻᵪᶨ ᵩᶧᶒ ᵴᶫᵾטּ

ᴲᵼᶍḥᶹḻḇᴻᶱ ᵶᶅ set_final_data  ᵫ ᶒ ᵴᶫᵾ ᶇ ᵷᶊ

ᶉᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ ᶊᶎᴲ ḥᶹḻḇᴻᶎ OutputIterator  ᶍ

᷆ᴻḁᶆᵸ  Gset_final_data ᶊ ᵴᶫᶪḙḱḩᴻḇᴻᵫ 

std::weak_ptr  ᶆᵡᶪ ᴲḥᶹḻḇᴻᶍ ᵫ ᶫᶅᵣᵾᶩ ᵴᶫᶅ

ᵣᶪᶇᴲḏᴻḇᶎḣḁḐᶊ ᵬ ᵴᶫᶝᵺᶲᴳ ᵬ ᵶᵫ ᵸᶪᵪᶈᵥᵪᶡᴲ

set_write_back ḩḅḋḑᶊᶧᶂᶅ ᶆᵬᶝᵸᴳ 

 

 

ᶷ᷄ḃ᷊  ᴻ
 

Ḙḋḝᶶᴻᶆ ᵴᶫᵾḏᴻḇᶎᴲḘḋḝᶶᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶅ ᶷ᷄ḃḁ

ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳ ᶮᶩᶊᴲḘḋḝᶶᴻᶱ↨ ᶷ᷄ḃḁᶆᵬᶪᶷ᷄ḃ᷊ᴻᴴᶿ

ḞḀᶼ᷄Ḑᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳᶷ᷄ḃ᷊ᴻᶎḏᴻḇᶊᶷ᷄ḃḁᵸᶪ∞ ᶇ

ᶱḱḻḇᶹḨᶊ ᵧᶝᵸᴳᵲᶫᶊᶧᶩᴲḱḻḇᶹḨᶎ ᶉḏᴻḇᶱ ᶉ∞

ᶇḇᶹḧḻ᷅ᶆ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳᵲᶫᶎ ᶊ ᶉ ᶆᵡᶩᴲ ᶊᴲ

ᶉḏᴻḇᶍ∟ ᶊ ᶄᵣᶅ᷀ᴻḕḳᶍ ᶱḁ᷆Ḁḭᴻḳᵸᶪḇḁ᷄

᷅ḱḝᶇ ᶞ ᶮᵺᶪᶇᴲᵼᶍ ᶎᵴᶨᶊוֹ ᵬᵮᶉᶩᶝᵸᴳ 

 

ᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄ḐᶎᴲḎḻḟḴᴻḐּטᵴᶫᵾᶷ᷄ḃ᷊ᴻ᷄ḱḁᵪᶨᶹḻḁḇ

ḻḁּטᵴᶫᶝᵸᴳᵲᶍ᷄ḱḁᶊᶎ 5 ᶃᶍḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᵫᵡᶩᶝᵸᴳ

ᶍḙḱḩᴻḇᴻᶎᴲᶷ᷄ḃḁᵴᶫᶪḏᴻḇ ᶆᵸᴳᵲᶫᶎᴲ ꞌᵸᶪḘḋḝᶶᴻᶊ

ᵴᶫᶅᵣᶪḏᴻḇ ᶇ ᵷᶆᵡᶪ ᵫᵡᶩᶝᵸ G 
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ᶊ 2Ǝ ᶍḙḱḩᴻḇᴻᶎḏᴻḇᶇḘḋḝᶶᴻᶍ ᶱ ᵶᶝᵸᴳḏḝᶾ

ḳḐᶍ ᶎ 1 ᶊᶉᶩᶝᵸ  G

 

Ḫᴻḑ  
read  ᶞ ᶩ ᶷ᷄ḃḁ 
write  ∙ ᶍ ᶱ ᵸᶪ ᵬ ᶞ ᶷ᷄ḃḁ 
read_write  ᶞ ᶩᶇ ᵬ ᶞᶷ᷄ḃḁ 

 
 7 - 6.  ᶷ᷄ḃḁḪᴻḑ 

 

ᶍ 3 ᶃᶍḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᶎᶷ᷄ḃ᷊ᴻ ᶆᵸᴳ ᶎᶷ᷄ḃḁ

Ḫᴻḑᶆᵸᴳᶷ᷄ḃḁḪᴻḑᶎᴲḟḵ᷅ḱḨ ᶆᶷ᷄ḃ᷊ᴻᶱᶈᶍᶧᵥᶊ ᵸᶪ

ᵪ ᵶᶝᵸᴳּס ᶉḪᴻḑᶱ 7 - 6  ᶊ ᵶᶝᵸᴳ  8 ᶆᶎᴲᵲᶫᶨᶍḪᴻḑᶱ

ᵶᶅ᷀ᴻḕḳᶍ ᶱ ᵶᴲḏᴻḇᶱ┌ ᵸᶪ ᶊᶃᵣᶅ ᶒᶝᵸᴳ

ᶷ᷄ḃḁᴴḪᴻḑᴴḙḱḩᴻḇᴻᶊᶎᴲּךᶡ ᵴᶫᶅᵣᶉᵣ ᴲᶝᵾᶎ ᶊ

ᵴᶫᶪ ᴲḏḝᶾḳḐ ᵫ ᵴᶫᶝᵸᴳ ᶊ ᵶᶉᵣ ᴲᶷ᷄ḃ᷊ᴻ

ᶎ  const  ḏᴻḇ ᶍ ᶎḏḝᶾḳḐᶆ read_write  ᶷ᷄ḃḁḪᴻḑᶊᶉᶩᴲ

const  ḏᴻḇ ᶍ ᶎ read  ᶷ᷄ḃḁḪᴻḑᶊᶉᶩᶝᵸᴳᵲᶫᶨᶍḏḝᶾḳḐ

ᶎ ᶊ ᶆᵸᵫᴲᶧᶩ ᶉ ᶱ ᵸᶪᵲᶇᶆᴲḱḻḇᶹḨᶍ ᵫטּ

ᵸᶪּס ᵫᵡᶩᶝᵸ  GᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶱ ᶠᶪᶇᵬᶎᴲᶷ᷄ḃḁḪᴻḑ

ᶱ ᵶᶉᵣ ᵫ↨ ᵪᶃ ⌐ᶆᵸᴳᵼᶍ ᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍḙḝᶾᴻḦḻḁ

ᵫ ᶉ ╓ᶍḟḵḝᶶᶹḳ ᶱ ᶊᶷ᷄ḃḁḪᴻḑᶱ ᵶᶝᵸᴳ 

 

ḇᴻ᷇ḋḐ  
device  ḏḘᶹḁᶍ᷅ḵᴻḘḳḩḪḲᴻᶱ ᵶᶅḘḋḝᶶᴻ

ᶊᶷ᷄ḃḁ 
host_task  ḣḁḐḇḁ᷄ᵪᶨḘḋḝᶶᴻᶊᶷ᷄ḃḁ 

 
 7 - 7.  ḇᴻ᷇ḋḐᶱᶷ᷄ḃḁ 
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ᶍḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᶎᴲʊ᷄ḃḁḇᴻ᷇ḋḐᶆᵸᴳḘḋḝᶶᴻᶎḏᴻḇ

ᶍ ᶆᵡᶩᴲḏᴻḇᵫᶈᵲᶊᶈᶍᶧᵥᶊטּ ᵴᶫᶪᵪ ᵸᶪᶡᶍᶆᶎᵡᶩ

ᶝᵺᶲᴳᶷ᷄ḃḁḇᴻ᷇ḋḐᶊᶎᴲḏᴻḇᶊᶷ᷄ḃḁᵸᶪ ᶱ ᵶᶝᵸᴳ ᵧᶨ

ᶫ  ᶅ2 ᶃᶍᶷ᷄ḃḁḇᴻ᷇ḋḐ ɵ7 - 7  ᶊ ᵶᶝᵸ  G

 

SYCL ᶆ C++ ᶱ ᵸᶪ ᴲḇᴻ᷇ḋḐᶎ device  ᶇ host_task  ᶍ 2 

ᶃᵿᵰᶆᵸᴳḏḝᶾḳḐᶍḎḻḟḴᴻḐ ᶎ device  ᶆᵸᴳᵲᶫᶎᴲḏḘᶹḁ ᶍ

Ḙḋḝᶶᴻᶍḏᴻḇᶊᶷ᷄ḃḁᵸᶪᵲᶇᶱ≥ ᵶᶝᵸᴳᶷ᷄ḃ᷊ᴻᶎ᷀ᴻḕḳᶣḏ

ᴻḇ ᶉᶈḏḘᶹḁ ᶍ ᶆ ᶡᶧᵮ ᵴᶫᶪᵾᶠᴲᵲᶫᶎ ᶆᵸᴳᶡᵥ 

1 ᶃᶍᶷ᷄ḃḁḇᴻ᷇ḋḐᶎ host_task  ᶆᴲḣḁḐḇḁ᷄ᵫḘḋḝᶶᴻᶍḏᴻḇ

ᶊᶷ᷄ḃḁᵸᶪ ᶊ ᵴᶫᶝᵸ G

 

ḏḘᶹḁᶊᶎᴲ ᶆᵬᶪḩḪḲᴻᶍ ᵫ│ᶉᶪ ᵫᵡᶩᶝᵸᴳ ᶊᴲ ᵮ

ᶍḏḘᶹḁᶊᶎᴲḷᴻ᷄᷅ḳᴻḟ ᶍ ᶍḷᴻ᷄ ᶆ ᵴᶫᶪᴲᵡᶪ ᶍ

ḵᴻ᷀ḳḩḪḲᴻᵫᵡᶩᶝᵸSGYCL ᶍ∙ ᶍḘᴻḀḯḻᶆᶎᴲḵᴻ᷀ḳḩḪ

Ḳᴻᶊ ᵸᶪ ᶉᶷ᷄ḃḁḇᴻ᷇ḋḐᵫᵡᶩᶝᵶᵾᵫᴲSYCL 2020 ᶆᶎ ᶍ

ᶆ ᵴᶫᶝᵸᴳ  9 ᶆᶎᴲḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶍ

ᶱ ᵶᶝᵸ SGYCL ᶍ∙ ᶍḘᴻḀḯḻᶊᶎᴲḣḁḐ (SYCL 2020 ᶍ

ᶆᵡᶪḣḁḐḇḁ᷄ᶍ ) ᶊ ꞌᵸᶪ ᶉᶷ᷄ḃḁḇᴻ᷇ḋḐᶡᵡᶩᶝᵶᵾᴳ

ᵲᶫᶎᴲḣḁḐ᷈ᴻḑ ᶍḘḋḝᶶᴻᶍḏᴻḇᶗᶍᶷ᷄ḃḁᵸᶪ ᵶᵣ 

host_accessor  ᷄ḱḁᶊ ᵬ ᵧᶨᶫᶝᵶᵾᴳᵾᵿᵶᴲᶷ᷄ḃḁᶎᴲhost_ 

accessor  ᶍ ᶎ ᶉᶝᶝᶊᶉᶩᶝᵸ hGost_accessor  ᵫ ᶉ ᶎ

ḘḋḝᶶᴻᵫḣḁḐᶊḵḋ᷄ᵴᶫᶪᵾᶠᴲhost_accessor  ᶿḞḀᶼ᷄Ḑᶍḁ᷈ᴻ

ḟᶱ ᵸᶪᶧᵥᶊ ≥ᵸᶪ ᵫᵡᶩᶝᵸ G

 

ᶍḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᶎᴲᶷ᷄ḃ᷊ᴻᵫḟḴᴻḁḣḳḈᴻᴴᶷ᷄ḃ᷊

ᴻᶆᵡᶪᵪᶈᵥᵪᶱ ᵶᶝᵸᴳᵲᶫᶎᴲḟḵ᷅ḱḦᴻᵫ ᵸᶪḙḱḩᴻḇ

ᴻᶆᶎᶉᵮᴲ ᶎᴲᶷ᷄ḃ᷊ᴻᶍ ᶊ ᵴᶫᶪ᷈ḻḁḐḱ᷄ḇᴻ ᶒ ᵶᶊ

ᶧᶂᶅ ᵴᶫᶝᵸᴳḟḴᴻḁḣḳḈᴻᴴᶷ᷄ḃ᷊ᴻᶎᴲ᷈Ḧḻḑ᷅ḳᴻḟᶍ ᶆ

ᵴᶫᴲ᷀ᴻḕḳ ᶍḏḘᶹḁ ᶍḏᴻḇᶷ᷄ḃḁᶊ ᵴᶫᶝᵸᴳ ᶷ᷄ḃ᷊ᴻ

ᶍ ᶱ ᶫᶏᴲḟḴᴻḁḣḳḈᴻᴴᶷ᷄ḃ᷊ᴻᶇᵼᵥᶆᶉᵣᶷ᷄ḃ᷊ᴻᶍ┴ᵣ

ᵫᶮᵪᶩᶝᵸ  G
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ᶷ᷄ḃ᷊ᴻᶎ get_access  ḩḅḋḑᶱ ᵶᶅḘḋḝᶶᴻᴴᶿḞḀᶼ᷄Ḑᵪᶨ

ᶆᵬᶝᵸᵫᴲ  ( ) ᵸᶪ ᵫ ᶆᵸᴳᵲᶫᶎ ᶊ ᵶᶣᵸᵮᴲ

᷈ḻḙ᷄Ḑᶉḁḇᶹḳᶆᵡᶪᵾᶠᴲ∙ ᶍ ᶆ ᵶᶝᵸᴳ 

 

ᶷ᷄ḃ᷊ᴻᶱ  

 

 7 -8  ᶎᴲᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᶍᶊ ᶉᶡᶍᵫᵸᶘᶅ ᶝᶫᵾ᷊ḻḟḳḟ

ḵ᷅ḱḨᶆᵸᴳᵲᶍ ᶆᶎAƎ BƎ CƎ ᶍ 3 ᶃᶍḘḋḝᶶᴻᵫᵡᶩᶝᵸᴳ᷂ḭᴻᶊ

ᵸᶪ ᶍ ḇḁ᷄ᶎᴲ Ḙḋḝᶶᴻᶗᶍᶷ᷄ḃ᷊ᴻᶱ ᵶᴲᵲᶫᶨᶍᶷ᷄

ḃ᷊ᴻᶱ ᵶᶅḘḋḝᶶᴻᶱ ᶆ ᵸᶪ᷀ᴻḕḳᶱטּ ᵶᶝᵸᴳ ᶷ᷄ḃ᷊

ᴻᶎᴲᶷ᷄ḃḁᵸᶪḘḋḝᶶᴻᶗᶍ ᶇᴲ᷂ḭᴻᶊ ᵸᶪ᷈Ḧḻḑ᷅ḳᴻḟᶊ

ᶧᶂᶅ ᵴᶫᵾḗḻḑḱᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶅ ᵴᶫᶝᵸᴳᵲᶫᶊᶧᶩᴲ

᷈Ḧḻḑ᷅ḳᴻḟᶍ╗ ᶇᵶᶅ ᵸᶪ᷀ᴻḕḳᶊᶷ᷄ḃ᷊ᴻᵫ וֹ ᶊḘᶹḻḑ

ᵴᶫᶝᵸ  G ᶍᶷ᷄ḃ᷊ᴻᶎᴲḏḝᶾḳḐᶆḏḘᶹḁḩḪḲᴻᶊ ᵴᶫᶅᵣᶪ

᷅ḵᴻḘḳḘḋḝᶶᴻᶱḇᴻ᷇ḋḐᶊᵸᶪᵾᶠᴲḏḘᶹḁᶷ᷄ḃ᷊ᴻᶆᵸᴳᵲᶫᶎ

ᶡ╗ ᶉ ᶆᵸ  G
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#include  <cassert>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 

int  main () {  

queue  q;  

// 42 ᶍ int ᶍḘḋḝᶶᴻ  ɵ 3 ᶃ ᵶᶝ  н

buffer <int > a_buf{ range {N}};  

buffer <int > b_buf{ range {N}};  

buffer <int > c_buf{ range {N}};  

accessor  pc{c_buf};  

 

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

accessor  a{a_buf, h};  

accessor  b{b_buf, h};  

accessor  c{c_buf, h};  

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

a[i] = 1;  

b[i] = 40;  

c[i] = 0;  

});  

});  

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

accessor  a{a_buf, h};  

accessor  b{b_buf, h};  

accessor  c{c_buf, h};  

h. parallel_for (N,  

 [=]( id <1> i ) { c[i] += a[i] + b[i]; });  

});  

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

h. require (pc);  

h. parallel_for (N, [=]( id <1> i ) { pc [i]++; });  

});  

 

host_accessor  result{c_buf};  

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

assert ( result [i] == N);  

}  

return  0;  

}  

 
 7 - 8.  ᶉᶷ᷄ḃ᷊ᴻᶍ  
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2 ᶊ ᵸᶪḇḁ᷄ᶆᶎᴲḘḋḝᶶᴻᶗᶍ 3 ᶃᶍᶷ᷄ḃ᷊ᴻᶡ ᵶᶝᵸᴳ

ᶊ 2Ǝ ᶍ᷀ᴻḕḳᶆᵲᶫᶨᶍᶷ᷄ḃ᷊ᴻᶱ ᵶᶅᴲḘḋḝᶶᴻ A ᶇ B ᶍ

ᶱḘḋḝᶶ  ᴻC ᶊ ᵶᶝᵸᴳᵲᶍ 2 ᶍḇḁ᷄ᶎנּ ᶍḇḁ᷄ᶇ ᵷḏ

ᴻḇᶱ ᵸᶪᵾᶠᴲḱḻḇᶹḨᶎ ᶍḇḁ᷄ᵫ ᵶᵾ ᶊᵲᶍḇḁ᷄ᶱ

ᵶᶝᵸᴳᵲᶫᶊᶃᵣᶅᶎ ᶍ ᶆᵴᶨᶊ ᵶᵮ ᵶᶝᵸᴳ 

 

3 ᶍḇḁ᷄ᶆᶎᴲḟḴᴻḁḣḳḈᴻᴴᶷ᷄ḃ᷊ᴻᶱ ᵸᶪ ᶱ ᵶᶝᵸᴳ

ᶷ᷄ḃ᷊  ᴻpC ᶎḘḋḝᶶᴻᶱ ᵶᵾ  Ǝ7 - 8  ᶍ ᶍ ᶆ ᵴᶫᶝᵸᴳ

ᵸḗḻḑḱᴻᴴᶿḞḀᶼ᷄Ḑᵫᶉᵣᵾᶠᴲ᷈ḻḁḐḱ᷄ḇᴻᶊᶎḗḻḑḱᴻᴴᶿḞḀ

ᶼ᷄Ḑᵫ ᵴᶫᶉᵣᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳᵲᶫᶊᶧᶩᴲ סּ ᶉᶷ᷄ḃ᷊

ᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᶊ ᶆᵬᶝᵸᴳᵾᵿᵶᴲᵲᶍᶷ᷄ḃ᷊ᴻᶱ᷀ᴻḕḳ ᶆ

ᵸᶪᶊᶎᴲ ᶊ᷈Ḧḻḑ᷅ḳᴻḟᶊḘᶹḻḑᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶊᶎᴲ

ḗḻḑḱᴻᴴᶿḞḀᶼ᷄Ḑᶍ require  ḩḅḋḑᶱ ᵶᶝᵸᴳḟḴᴻḁḣḳḈᴻᴴ

ᶷ᷄ḃ᷊ᴻᶱ᷈Ḧḻḑ᷅ḳᴻḟᶊḘᶹḻḑᵶᵾᶨᴲ ᶍᶷ᷄ḃ᷊ᴻᶇ ᶊ᷀ᴻḕ

ḳ ᶆ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸ G

 

ᶊᴲ ᶱḣḁḐוֹ ᶆ ᶞ ᵸᵾᶠᶊhƎost_accessor  ᶿḞḀᶼ᷄

Ḑᶱ ᵶᶝᵸᴳᵲᶫᶎ᷀ᴻḕḳ ᶆ ᵶᵾḇᶹḟᶇᶎ│ᶉᶪᵲᶇᶊ ≥ᵶᶅᵮ

ᵿᵴᵣᴳᵲᶍ ᶍḣḁḐᶷ᷄ḃ᷊ᴻᶍ ᶡᴲוֹ ᵸḗḻḑḱᴻᴴᶿḞḀᶼ᷄Ḑᵫᶉᵣ

ᵾᶠᴲḗḻḑḱᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵰ ᶨᶉᵣᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ  

ḣḁḐᶷ᷄ḃ᷊ᴻᶍ ᶉ ᶱ ᵸᶪᶇᴲḣḁḐᶷ᷄ḃ᷊ᴻᶇḟḴᴻḁḣḳḈᴻ

ᶱ ᶆᵬᶝᵸᴳḣḁḐᶷ᷄ḃ᷊ᴻᶍ ᶉ ᶎᴲḏᴻḇᵫḣḁḐ ᶆ סּ

ᶊᶉᶂᵾᶇᵬᶊᶍᶞ᷈ḻḁḐḱ᷄ḇᴻᵫ ᵸᶪᵲᶇᶆᵸᴳḣḁḐᶷ᷄ḃ᷊ᴻᶍ

ᶊᶎ ᵣ ᵫᵪᵪᶪּס ᵫᵡᶩᶝᵸ  G 

 

᷈ḻḁḐḱ᷄ḇᴻᶎᴲ᷈Ḝᴻᵸᶪḏᴻḇᶱ ᵸᶪ᷀ᴻḕḳᶍ ᶇᴲ᷈Ḝ

ᴻ ᶍ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳḣḁḐᶷ᷄ḃ᷊ᴻᶍ ᵫ ᵸᶪᶇᴲ

ḣḁḐ ᶆ ᶷ᷄ḃḁᵸᶪḏᴻḇᶱ↨ ᶊ ᶆᵬᶪᶧᵥᶊᶉᶩᴲḣḁḐ ᶆ

ḘᴻḀḯḻᶍḏᴻḇᵫ ᶆᵡᶪᵲᶇᵫ ᵴᶫᶝᵸᴳ 

 

ᵲᶍ ᶎ ᶊ ᵶᵣᶆᵸᵫᴲᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᶇᵬᶊᶷ᷄ḃ᷊ᴻᶱᶈᶍ

ᶧᵥᶊ ᵸᶪᵪᶎּךᶡ ᵶᶅᵣᶝᵺᶲᴳ ᶮᶩᶊᴲḘḋḝᶶᴻ ᶍ const  

int  ḏᴻḇᶊᶎḏḝᶾḳḐᶍᶷ᷄ḃḁḪᴻḑ ( read_write ) ᶱ ᵶᶝᵸᴳᵲᶫ

ᶎ ᶊ ᶊ ᶆᵡᶩᴲ ᶍ ᶉ∟ ᶣ ᶉḏᴻḇ┌

ᵫ ᵷᶪּס ᵫᵡᶩᶝᵸ  G 
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ᵶᵾᶷ᷄ḃ᷊ᴻᶱᶈᶍᶧᵥᶊ ᵸᶪᵪᶱ ᵸ ᵫ ᵰᶫᶏᴲḱḻḇᶹḨᶎ

ᵴᶨᶊᶧᵣ ᵫᶆᵬᶪᵪᶡᵶᶫᶝᵺᶲᴳᵾᵿᵶᴲᵲᶫᶱ ᵸᶪ ᶱ ᶪ ᶊᴲ

ḏḈ᷿᷄ḯḻᴴḇ᷅ᶊᶃᵣᶅ ᵸᶪ ᵫᵡᶩᶝᵸᴳ 

 

ḏḈ᷿᷄ḯḻᴴḇ᷅ᶎᴲᶷ᷄ḃ᷊ᴻᶍᶷ᷄ḃḁḪᴻḑᶇḇᴻ᷇ḋḐᶍ ᶉ ᶞ

ᶮᵺᶱ ᵸᶪ᷈ḻḙ᷄Ḑᶉ ᶆᵸᴳḏḈ᷿᷄ḯḻᴴḇ᷅ᵫ ᵴᶫᶪ ᴲᶷ᷄

ḃ᷊ᴻᶍ᷈ḻḁḐḱ᷄ḇᴻᶊḙḱḩᴻḇᴻᶇᵶᶅ ᵴᶫᶝᵸᴳ  

סּ ᶉḇ᷅ᶱ  7 - 9  ᶊ ᵶᶝᵸᴳᶷ᷄ḃ᷊ᴻᵫḇ᷅ᴴḙḱḩᴻḇᴻᶱ ᵶᶅ

ᵴᶫᶪᶇ CƎ++ CTAD ᶎ ᶉᶷ᷄ḃḁ Ḫᴻḑᶇḇᴻ᷇ḋḐᶱ ᶊ

ᶆᵬᶪᵾᶠᴲᵼᶫᶨᶍḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᶍ ᶱ ᶊᶿᴻḘᴻḱᶹḑ

ᶆᵬᶝᵸ  G ᶉḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᶱ ᶆ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᵫᴲ

ḇ᷅ᶱ ᵸᶪᶇᴲ ᶊḎḻḟḴᴻḐּטᵴᶫᵾᶷ᷄ḃ᷊ᴻᶱ ᵶᶉᵮᶅᶡᴲ

ᵷ ᶱוֹ ᶪᵴᶨᶊ᷿ḻḟḳᶆ᷈ḻḙ᷄Ḑᶉ ᵫ ᵴᶫᶝᵸᴳ 

 

ḇ᷅  access_mode::  target::  

read_only  read  device  

read_write  read_write  device  

write_only  write  device  

read_only_host_task  read  host_task  

read_write_host_task  read_write  host_task  

write_only_host_task  write  host_task  

 
 7 - 9.  ḏḈ᷿᷄ḯḻᴴḇ ᷅

 

ᶍ ᶱ ᵬ ᵶᶅᴲḏḈ᷿᷄ḯḻᴴḇ᷅ᶱ ᵶᶅᶞᶝᵶᶦᵥᴳנּ ᵴᶫᵾ ᶱ

 7 -10  ᶊ ᵶᶝᵸ  G
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#include  <cassert>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

 

int  main () {  

queue  q;  

 

// 42 ᶍ int ᶍḘḋḝᶶᴻ  ɵ 3 ᶃ ᵶᶝ  н  

buffer <int > buf_a{ range {N}};  

buffer <int > buf_b{ range {N}};  

buffer <int > buf_c{ range {N}};  

 

accessor  pc{buf_c};  

 

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

accessor  a{buf_a, h, write_only, no_init};  

accessor  b{buf_b, h, write_only, no_init};  

accessor  c{buf_c, h, write_only, no_init};  

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

a[i] = 1;  

b[i] = 40;  

c[i] = 0;  

});  

});  

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

accessor  a{buf_a, h, read_only};  

accessor  b{buf_b, h, read_only};  

accessor  c{buf_c, h, read_write};  

h. parallel_for (N,  

 [=]( id <1> i ) { c[i] += a[i] + b[i]; });  

});  

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

h. require (pc);  

h. parallel_for (N, [=]( id <1> i ) { pc [i]++; });  

});  

 

host_accessor  result{buf_c, read_only};  

 

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

assert ( result [i] == N);  

}  

return  0;  

}  

 
 7 - 10.  ᶍ ᶱ ᶃᶷ᷄ḃ᷊ᴻᶍ  
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ᶝᵹᴲ  7 -8  ᶍᶧᵥᶊḘḋḝᶶᴻᶱ ᵶᶝᵸᴳ ᶆ ᵸᶪḟḴᴻḁḣḳḈ

ᴻᴴᶷ᷄ḃ᷊ᴻᶡ ᵶᶝᵸᴳᶆᶎᴲ᷂ḭᴻᶊ ᵸᶪ ᶍḇḁ᷄ᶱ ᵧᶅᶞᶝᵶ

ᶦᵥᴳ∙ ᶎᴲḘḋḝᶶᴻᶗᶍ ᶇ᷈Ḧḻḑ᷅ḳᴻḟᶍḗḻḑḱᴻᴴᶿḞḀᶼ᷄Ḑᶱ

ᵶᶅᶷ᷄ḃ᷊ᴻᶱ ᵶᶝᵶᵾᴳᵲᵲᶆᶎᴲ᷈ḻḁḐḱ᷄ḇᴻ ᶒ ᵶᶊ 2 ᶃᶍ

ḙḱḩᴻḇᴻᶱ ᵶᶝᵸᴳנּ ᶍ ᵶᵣḙḱḩᴻḇᴻᶎḏḈ᷿᷄ḯḻᴴḇ᷅ᶆᵸᴳ

ᵲᶍ᷀ᴻḕḳᶎḘḋḝᶶᴻᶍ ᶱ ᵬ ᶟᵾᶠwƎrite_only  ḇ᷅ᶱ ᵶ

ᶝᵸᴳᵲᶫᶊᶧᶩᴲḱḻḇᶹḨᶎᴲᵲᶍ᷀ᴻḕḳᵫ ᵶᵣḏᴻḇᶱ ᵶᶅᵩᶩᴲᵲᶍ

Ḙḋḝᶶᴻᵪᶨ ᶞ ᶨᶉᵣᵲᶇᶱ ᵶᶝᵸᴳ 

 

2 ᶍ ᵶᵣḙḱḩᴻḇᴻᶎᶿḟ᷿ḯḻᶍᶷ᷄ḃ᷊ᴻᴴḟḵḙḎᶸᴻᶆᵡᶩᴲᵲ

ᶍ ᶍ ᶆ ᵶᵾḘḋḝᶶᴻᶍᶿḟ᷿ḯḻᴴḟḵḙḎᶸᴻᶊ ᶅᵣᶝᵸᴳ ᵸ

ḟḵḙḎᶸ  ᴻno_init  ᶊᶧᶩᴲḱḻḇᶹḨᶎḘḋḝᶶᴻᶍ∙ ᶍ ᶱ סּ

ᶆᵡᶪᵲᶇᶱ ᶩᶝᵸᴳᵲᶫᶎᴲḱḻḇᶹḨᵫ ᶉḏᴻḇ┌ ᶱ ᶆᵬᶪᵾ

ᶠ ᶆᵸᴳᵲᶍ ᶆᶎᴲ ᶍḇḁ᷄ᵫḘḋḝᶶᴻᶊ ᶱ ᵬ ᶲᶆᵣᶪᵾ

ᶠᴲ᷀ᴻḕḳᵫ ᵴᶫᶪ ᶊᴲḱḻḇᶹḨᶎ ᵴᶫᶅᵣᶉᵣḣḁḐḩḪḲᴻטּ

ᶱḏḘᶹḁᶊ᷈Ḝᴻᵸᶪ ᵫᵡᶩᶝᵺᶲnGo_init  ḟḵḙḎᶸᴻᶎᵲᶍ ᶆᶎ

ᶆᵸᵫ rƎead - modify - write  ᵥ᷆ᴻḁᶣḘḋḝᶶᴻᶍ╗ ᵿᵰᵫ

ᵴᶫᶪ᷀ᴻḕḳᶊᶎ ᵸᶘᵬᶆᶎᵡᶩᶝᵺᶲ G 

 

᷂ḭᴻᶊ ᵸ  ᶅ2 ᶍḇḁ᷄ᶎ ᶇ ᵷᶆᵸᵫᴲ ᶎᶷ᷄ḃ᷊ᴻᶊḏḈ

᷿᷄ḯḻᴴḇ᷅ᶱ ᵶᶝᵸᴳᵲᵲᶆᴲᶷ᷄ḃ᷊ᴻ aA ᶇ aB ᶊ read_onlyנּ  ḇ᷅ᶱ

ᵶᶅᴲᵲᶫᶨᶍᶷ᷄ḃ᷊ᴻᶱנּ ᵷᶅᶍᶞḘḋḝᶶᴻ A ᶇ B ᶍ ᶱ ᶞ ᶪᵲ

ᶇᶱḱḻḇᶹḨᶊ ᶨᵺᶝᵸ3G ᶍᶷ᷄ḃ᷊  ᴻaC ᶎ AƎ ᶇ B ᶍ ᶍ ᶱ 

C ᶊ ᵸᶪᵾᶠ rƎead_write  ḏḈ᷿᷄ḯḻᴴḇ᷅ᶱ ᵶᶝᵸᴳ ᶆᶎ╗

ᶱ ᶃᵾᶠḇ᷅ᶱ ᶊ ᵶᶅᵣᶝᵸᵫᴲḏḝᶾḳḐᶍᶷ᷄ḃḁḪᴻḑᶎ 

read_write  ᶆᵡᶪᵾᶠᴲᵲᶫᶎ ᶆᵬᶝᵸ G 

 

ḟḴᴻḁḣḳḈᴻᴴᶷ᷄ḃ᷊ᴻᶱ ᵸᶪ 3 ᶍḇḁ᷄ᶆᶎᴲḏḝᶾḳḐᶍ

ᵫ┐ ᵴᶫᶝᵸᴳᵲᶫᶎ  Ǝ7 - 8  ᶆ ᵶᵾ ᵪᶨ ᵴᶫᶅᵣᶝᵺᶲᴳ

ᶍᶷ᷄ḃ᷊ᴻᶆᵡᶪḣḁḐᶷ᷄ḃ᷊ᴻᶍ ᶎᴲוֹ ᶍḏḈ᷿᷄ḯḻᴴḇ᷅ᶱ ᵰ

ᶩᶝᵸᴳḣḁḐ ᶍ וֹ ᶍᶞᶱ ᶞ ᶪᵾᶠᴲ᷈ḻḁḐḱ᷄ḇᴻᶊ 

read_only  ḇ᷅ᶱ ᵶᶝᵸ  G 
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ḣḁḐᶷ᷄ḃ᷊ᴻᵫ ᵴᶫᶪᶧᵥᶊḟḵ᷅ḱḨᶱ ᵬ ᵸᶇᴲḘḋḝᶶᴻ C ᶱ

ᵸᶪ ᶍ᷀ᴻḕḳᶱ ᵸᶪᶇᵬᶊᴲḘḋḝᶶᴻ C ᶱḏḘᶹḁᶊ ᵬ ᵸ

ᵫᶉᵮᶉᶩᶝᵸᴳᵲᶫᶎᴲread_only  ḇ᷅ᶊᶧᶂᶅḱḻḇᶹḨᶊᴲḘḋḝᶶᴻ C ᵫ

ḣḁḐᶊᶧᶂᶅ ᵴᶫᶉᵣᵲᶇᵫ ᵴᶫᶪᵾᶠᶆᵸᴳ 

 

ᶷ᷄ḃ᷊ᴻᶆּךᵫᶆᵬᶪᶆᵶᶦ  v

 

ᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵸᶪᶇᴲᵴᶝᵵᶝᶉᵲᶇᶱ ᵧᶝᵸᴳᵶᵪᵶᴲ ᵾ

ᶀᵫ ᶆᵬᶪ ᶡ ᶉᵲᶇᶎᴲᶷ᷄ḃ᷊ᴻᶍ ᴲᶃᶝᶩᶷ᷄ḃḁḏᴻḇᶊ

ᵴᶫᶅᵣᶝᵸᴳᵲᶫᶎ ᴲᶷ᷄ḃ᷊ᴻᶍ []  ⱳ ᶍ 1 ᶃᶱ ᵷᶅ ᶮᶫᶝᵸᴳ

 7 -8  ᶇ 7 -10  ᶍ ᶆᶎ [Ǝ]  ⱳ ᶱ ᵶᶅᵣᶝᵸᴳᵲᶍⱳ ᶎᴲ

ḏᴻḇᶱ ᶊᶹḻḏḋ᷄ḁᶆᵬ ᶅid  ᶿḞḀᶼ᷄Ḑᶝᵾᶎ ╗ᶍ size_t  ᶍᶈ

ᶀᶨᵪᶱ ᵰ ᶩᶝᵸ 2G ᶍ᷆ᴻḁᶎᴲᶷ᷄ḃ᷊ᴻᶊ ᶍ ᵫᵡᶪ

ᶊ ᶆᵬᶝᵸᴳᵼᶍ ᴲḁ᷀ḱᴻ ᶊ ᵸᶪᶝᶆ []  ᶆ ᶹḻḏḋ᷄ḁ

ᵰᵴᶫᵾᶿḞḀᶼ᷄Ḑᵫ ᵴᶫᶝᵸᴳᵲᶫᶎᴲ2 ᶍ aƎ[i][j]  ᶍ ᶊ

ᶉᶩᶝᵸᴳᶷ᷄ḃ᷊ᴻ ᶍ ᶎ C++ ᶍ ᶊ ᵣᴲ█ ᶍ ᵫḮḓḋḐ

ḁḐḱᶹḑ  (ᴾ ᶡ ᵮ R ) ᶇᶉᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣ G

 

ᶷ᷄ḃ᷊ᴻᶎᴲ ᶊᶉᶪḏᴻḇᶗᶍḥᶹḻḇᴻᶱ ᵸᵲᶇᶡᶆᵬᶝᵸᴳᵲᶍḥᶹ

ḻḇᴻᶊᶎᴲ ᶍ C++ ᶊ ᶂᶅ ᶷ᷄ḃḁᶆᵬᶝᵸᴳᵲᶍḥᶹḻḇᴻᶍ

ᶷḑḴḁ ᶊ ᵶᶅᶎ ᵴᵫ ᵥּס ᵫᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ 

 

ᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᵪᶨ ᵮᶍᵲᶇᶱ ᶆᵬᶝᵸᴳ ᵧᶏᴲᶷ᷄ḃ᷊ᴻᶱ

ᵷᶅᶷ᷄ḃḁּס ᶉ ᶍ ᴲᶷ᷄ḃ᷊ᴻᵫ᷀ḘᴻᵸᶪḘḋḝᶶᴻ ╓ᶍḘᶹḐ

∞ᶍ᷊ᶹḂᴲᶷ᷄ḃḁּס ᶉḏᴻḇᶍ ∫ᶉᶈᵫᵡᶩᶝᵸᴳ 

 

ᶷ᷄ḃ᷊ᴻᶎ C++ ᷈ḻḎḒᴻᶊ ᵾᶹḻḇᴻḝᶼᶹḁᶱ ᵶᴲ᷈ḻḎḒᴻᶱ

ᵸ ᵮᶍ ᶆ ᶆᵬᶝᵸᴳᶷ᷄ḃ᷊ᴻᶊᶧᶂᶅ᷊ḥᴻḐᵴᶫᶪ᷈ḻḎḒᴻᴴ

ᶹḻḇᴻḝᶼᶹḁᶊᶎgƎet_pointer  ᶇ ᶍḏᴻḇḩḅḋḑᶇᴲ

ᶇ ᵫ ᶝᶫᶝᵸ  G

 

 

 

 

 

 



 

 

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲḘḋḝᶶᴻᶇᶷ᷄ḃ᷊ᴻᶊᶃᵣᶅ ᵶᶝᵶᵾᴳḘḋḝᶶᴻᶎᴲḩḪḲ

ᴻ ᶍ ᶱḟḵ᷅ḱḦᴻᵪᶨ╬ ᵸᶪḏᴻḇᶍ ᶆᵸᴳᵲᶫᶎᴲᶧטּ

ᶩ ᶆ Ḵḡḳᶍ ᶱטּ ᵸᶪᵾᶠᶊ ᶮᶫᶝᵸ G 

Ḙḋḝᶶᴻᶱ ᵸᶪᵴᶝᵵᶝᶉ ᶇᴲḘḋḝᶶᴻ ᶍ ᶊ ᶆᵬᶪᵴ

ᶝᵵᶝᶉᶿḟ᷿ḯḻᶍḟḵḙḎᶸᴻᶱ ᵸᵣᵮᶃᵪᶍ ᶱ ᵶᶝᵶᵾᴳḣḁḐḩ

ḪḲᴻᵪᶨᶍḏᴻḇᶱ ᵶᶅḘḋḝᶶᴻᶱ ᵸᶪטּ ᶇᴲḘḋḝᶶᴻᶱ

ᵶ ᵧᵾᶨḏᴻḇᶱḣḁḐḩḪḲᴻᶊ ᵬ ᵸ ᶒɵᶝᵶᵾ  G

 

Ḙḋḝᶶᴻᶊ ᶷ᷄ḃḁᵸᶪᵲᶇᶎᶆᵬᶉᵣᵾᶠᴲᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᶱ

ᵶᶅḘḋḝᶶᴻ ᶍḏᴻḇᶊᶷ᷄ḃḁᵸᶪ ᶒɵᶝᵶᵾᴳḏḘᶹḁᶷ᷄ḃ

᷊ᴻᶇḣḁḐᶷ᷄ḃ᷊ᴻᶍ┴ᵣᶱ ᶒᶝᵶᵾᴳᵴᶝᵵᶝᶉᶷ᷄ḃḁḪᴻḑᶇḇᴻ᷇

ḋḐᶊᶃᵣᶅ ᵶᴲᵼᶫᶨᶊᶧᶂᶅᴲᶷ᷄ḃ᷊ᴻᵫḟḵ᷅ḱḨᶊᶧᶂᶅᴲᶈᵲᶆᶈ

ᶍᶧᵥᶊ ᵴᶫᶪᵪḱḻḇᶹḨᶊ ᵴᶫᶪ ᶞᶊᶃᵣᶅ ᵶᶝᵶᵾᴳḏḝ

ᶾḳḐᶍᶷ᷄ḃḁḪᴻḑᶇḇᴻ᷇ḋḐᶱ ᵶᶅᶷ᷄ḃ᷊ᴻᶱ ᵸᶪ ᶡ ᶉ

ᶱ ᵶᴲḟḴᴻḁḣḳḈᴻᴴᶷ᷄ḃ᷊ᴻᶇᵼᵥᶆᶉᵣᶷ᷄ḃ᷊ᴻᶱ ᵸᶪ

ᶱ ᶒᶝᵶᵾ  G ᶊᴲᶷ᷄ḃ᷊ᴻ ᶊ ḇ᷅ᶱ ᵶᶅᴲᶷ᷄ḃ᷊ᴻᶍנּ

ᶊ ᵸᶪ ᶱḱḻḇᶹḨᶊ ᵸᶪᵲᶇᶆᴲ᷊ḻḟḳḟḵ᷅ḱḨᶱᵴᶨᶊ

ᵸᶪטּ ᶱ ᵶᶝᵶᵾᴳ ᶊᴲḟḵ᷅ḱḨ ᶆᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᵴᶝ

ᵵᶝᶉ ᶱ ᵶᶝᵶᵾ  G

 

ᶍ ᶆᶎᴲḱḻḇᶹḨᵫᶷ᷄ḃ᷊ᴻᶱ ᵷᶅ ᵴᶫᵾ ᶱ ᵶᶅᴲᵴᶝ

ᵵᶝᶉ᷀ᴻḕḳᶍ ᶱḁ᷆Ḁḭᴻḳᵸᶪ ᶱ ᵶᵮᶒᶝᵸᴳᶝᵾᴲᵲᶍ

ᶊᶧᶂᶅᴲḘḋḝᶶᴻ ᶍḏᴻḇᶱḣḁḐᶇḏḘᶹḁ ᶆᵣᶃᶈᶍᶧᵥᶊ᷈Ḝᴻᵸ

ᶪᵪᶱḱḻḇᶹḨᶊ ᵸᶪ ᶊᶃᵣᶅᶡ ᵶᶝᵸᴳᵼᵶᶅᴲḘḋḝᶶᴻᶣ 

USM ᶩ ᶅᶱ ᶟḏᴻḇᶍ┌ ᶱ ᶊ ᵸᶪ ᶱ ᶒᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ  

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

 8  ᷀ᴻḕḳᶍḁ᷆Ḁḭᴻḳᶇḏᴻḇ┌  
 

 

ḟḵ᷅ḱḨᶍ ᶇᵶᶅᶍ ᶊᶃᵣᶅ ᵸᶪ ᵫᵡᶩᶝᵸᴳ ḟ

ḵ᷅ḱḨᶍ ᶉ ᶎ ᶨᵶᵣᶡᶍᶆᵸᴳᵸᶘᶅᶍḏᴻḇᵫ ᶉḇᶹḧḻ

᷅ᶆ ᵩᶧᶒ ᵸᶪᶧᵥᶊ ᵴᶫᴲḏᴻḇᶱ ᵸᶪᵲᶇᶉᵮ᷈ᴻḑᶎḝ

ḳḁḜᴻḑᶆ ᵴᶫᶝᵸᴳ᷈ᴻḑᶎḗᴻḑᶻᶼᶷᶱ ᶊḛḀᴻ ᶊ ᶃᶧ

ᵥᶊ ≥ ᵮ ᵴᶫᶝᵸᴳᵼᶫᶎ ᶍᶧᵥᶆ.н..  

 

Ḵᴻḻ (1 ᵿᵰᶆᶎᵡᶩᶝᵺᶲ )̈ ᶆᶍ ᶆᶎᴲ ᶇᵶᶅ

ᶊ ᶊ ᶩ ᶟ ᵫᵡᶩᶝᵸᴳᵼᶫᶱ ᵸᶪᵾᶠᴲ ᵾᶀᶎ ᶍ ᶱ

ḇḁ᷄᷅ḱḝᶍ ᵪᶨ ᵧᶪᵲᶇᵫᶆᵬᶝᵸᴳ 

 

ᵲᶍ ᶆᶎᴲ ᶉ᷀ᴻḕḳ᷿ᴻ᷆ḻḁᶱ ᵪᶃ ᶊ ᵸᶪḩ᷀ḓḂ

Ḩᶆᵡᶪḇḁ᷄᷅ḱḝᶊᶃᵣᶅ ᵶᶝᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᶆ᷿ᴻ᷆ḻḁ ᵫ

ᶉᶡᶍᶎᴲ᷀ᴻḕḳᶍ ᶇḏᴻḇ┌ ᶍ 2 ᶃᶆᵸᴳḇḁ᷄᷅ḱḝᶎᴲ ᶉ

᷿ᴻ᷆ḻḁᶍ ᶊ ᵴᶫᶪḩ᷀ḓḂḨᶆᵸᴳ 

 

ᶝᵹᴲ  3 ᶍ∟ ᶱ ᵶᶅḇḁ᷄ᶱ ᵰᶪ ᶱ ᶊ ᵶᶝ

ᵸᴳ ᶊSƎYCL ḱḻḇᶹḨᵫ᷅ḱḝᶱ ᵸᶪ ᶱ ᵶᶝᵸᴳSYCL ᷅ḱḝ

ᶍ ᶉ ᶆᵡᶪ᷈Ḧḻḑ᷅ḳᴻḟᶊᶃᵣᶅ ᵶᶝᵸᴳ ᶊᴲ╗

ᶉḙḇᴻḻᶍ᷅ḱḝᶱ ᵸᶪᵴᶝᵵᶝᶉ ᶱ ᵶᶝᵸᴳᶝᵾᴲ ᵩᶧᶒ

∆ ᶉḏᴻḇᶍ┌ ᵫ᷅ḱḝᶆᶈᶍᶧᵥᶊ ᵴᶫᶪᵪ ᵶᶝᵸᴳ ᶊᴲ

᷅ḱḝᶱḣḁḐᶇ ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵸᴳ 

 

 

 

 

 

 

 

 

 

 

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 
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᷅ḱḝᶍḁ᷆Ḁḭᴻḳᶇᶎ 
 

 3 ᶆᶎᴲḏᴻḇ ᶇḏᴻḇᶱ ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳᶝᵾᴲ

SYCL ᶍ᷅ḱḝᶍ ᶊᵡᶪ ᶉ ∟ᶆᵡᶪטּ ᶊᶃᵣᶅᶡ ᶫᶝᵶ

ᵾᴳ᷀ᴻḕḳ ᶍ∟ ᶎᴲ ᶊ᷀ᴻḕḳᵫᶷ᷄ḃḁᵸᶪḏᴻḇᶊ ᶄᵣᶅ

ᵣᶝᵸᴳ᷀ᴻḕḳᶎᴲ ᶱ ᵸᶪ ᶊᴲ ᵶᵣḏᴻḇᶱ ᶞ ᶂᵾᵲᶇᶱ

ᵸᶪ ᵫᵡᶩᶝᵸ  G

 

ᵶᵣ ᶱ ᵸᶪᵾᶠ 3G ᶍ ᶉḏᴻḇ∟ ᶊᶃᵣᶅᶡ ᵶᶝ

ᵶᵾᴳ ᶍ ᵬ ᶞ ᶍ ᶞ  ɭ(RAW) ᶎ 1Ǝ ᶃᶍḇḁ᷄ᵫ ᶍḇḁ᷄ᶊᶧ

ᶂᶅ ᵴᶫᵾḏᴻḇᶱ ᶞ ᶪ ᶊ ᵶᶝᵸᴳᵲᶍḇᶹḟᶍ∟ ᶎᴲ2 

ᶃᶍ᷀ᴻḕḳ ᶍḏᴻḇᶍ ᶫᶱ ᵶᶝᵸ2G ᶍḇᶹḟᶍ∟ ᶎ 1Ǝ 

ᶃᶍḇḁ᷄ᵫḏᴻḇᶱ ᶞ ᶂᵾ ᶊ ᶍḇḁ᷄ᵫᵼᶍḏᴻḇᶱ ᵸᶪ ᶊ

ᵶᶝᵸᴳᵲᶍḇᶹḟᶍ∟ ᶱ ᶞ ᶩ ᶍ ᵬ ᶞ (WAR) ∟ ᶇ

ᶒᶝᵸᴳ ᶍḇᶹḟᶍḏᴻḇ∟ ᶎ2Ǝ ᶃᶍḇḁ᷄ᵫ ᵷḏᴻḇᶊ ᵬ ᶞ

ᶱ ᵥᶇ ᵶᶝᵸᴳᵲᶫᶱ ᵬ ᶞ ᶍ ᵬ  ð(WAW) ᶇ ᶒᶝᵸ  G

 

ḏᴻḇ∟ ᶎᴲ᷅ḱḝᶱ ᵸᶪᵾᶠᶊ ᵸᶪ ᶆᵸᴳᵲᶍ∟

ᶍḃḋḐᶎᴲ᷀ᴻḕḳᶍ ᶉ ḉᶼᴻḻᶇᴲ ᶉ∟ ᶱ ᶃ

ᶍ᷀ᴻḕḳᶱ ᶟ ᶆ ᶉ᷅ḱḝᶍ ᶱ ᶊ ᶉᶡᶍᶆᵸᴳ ᶊ

ᶈᶍᶧᵥᶉḇᶹḟᶍ᷅ḱḝᵫ ᶆᵡᶂᶅᶡSƎYCL ᷅ḱḝᶎᴲ ᵴᶫᵾ∟

ᶊ ᶄᵣᶅḟḵ᷅ḱḨᵫ ᵶᵮ ᵴᶫᶪᵲᶇᶱ ᵶᶝᵸᴳᵾᵿᵶᴲ᷅ḱḝ

ᵫḟḵ᷅ḱḨ ᶍᵸᶘᶅᶍ∟ ᶱ ᵶᵮ ᵸᶪᵲᶇᶱ ᵸᶪᶍᶎḟḵ᷅

ḱḦᴻᶍ ᶆᵸ  G

 

 

SYCL ᶊᵩᵰᶪ᷅ḱḝᶍ  ð
 

᷈Ḧḻḑ᷅ḳᴻḟᶊᶎᴲᶷ᷿᷄ḯḻᴲᵼᶍ∟ ᴲᵩᶧᶒᵼᶍ ᶍḣḁḐ᷈ᴻḑᶇ

ᵣ  v3 ᶃᶍ│ᶉᶪ ᶱ ᶠᶪᵲᶇᵫᶆᵬᶝᵸᴳᵲᶫ ʝ3 ᶃᶍᵥᶀᴲ ᶊ

ᶉᶍᶎᶷ᷿᷄ḯḻᶆᵸᴳᶷ᷿᷄ḯḻᵫᶉᵣᶇᴲ᷈Ḧḻḑ᷅ḳᴻḟᶎּךᶡ ᵶᶝᵺᶲᴳ

ᶚᶇᶲᶈᶍ᷈Ḧḻḑ᷅ḳᴻḟᶆᶎ∟ ᶡ ᵴᶫᶝᵸᵫᴲᵼᵥᶆᶉᵣ ᶡ

ᵡᶩᶝᵸᴳᵼᶍᶧᵥᶉ ᶊᶎᴲḟḵ᷅ḱḨᶆ ᵴᶫᶪ ᶍᶷ᷿᷄ḯḻᵫᵡᶩᶝ

ᵸ  G 
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ᶱ ᵸᶪᶍᶊּךᵪᶊ∟ ᵸᶪᵲᶇᶎᵡᶩᶝᵺᶲᴳᵶᵾᵫᶂᶅᴲ∟ ᶱ

ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳ᷈Ḧḻḑ᷅ḳᴻḟ ᶊ ᵸᶪּס ᵫᵡᶪᶡᵥ 1 ᶃ

ᶎᴲḣḁḐ ᶆ ᵴᶫᶪ ≥ᶍ C++ ᷈ᴻḑᶆᵸᴳᵲᶫᶎ ᶊ ᶆᵡᶩᴲᶷ

᷿᷄ḯḻᶣᵼᶍ∟ ᶱ ᵸᶪᶍᶊ ᶀᶝᵸᴳᵲᶍ᷈ᴻḑᶎᴲ᷈Ḧḻḑ᷅ḳ

ᴻḟᶍ ᶊ ᵴᶫᶝ  н(∟ ᵫ ᵾᵴᶫᵾᵲᶇᶊ ᶄᵣᶅᶷ᷿᷄ḯḻ

ᵫ ᵴᶫᵾ )  G

 

᷈Ḧḻḑ᷅ḳᴻḟᶎ ᴲ ḩḅḋḑᶊ ᵴᶫᶪ C++ ḱḨḈ ᶇᵶᶅ ᵴ

ᶫᶝᵸᴳ᷈Ḧḻḑ᷅ḳᴻḟᶎᴲ᷀ᴻḕḳᶇᶹḡḻḐḡᴻḁᶍ∟ ᶍḃḋḐᶱ ᵰ

ᶪ᷂ḭᴻᴴᶿḞḀᶼ᷄Ḑᶍ᷿ḯᴻḐ᷀ḋḐᴴḩḅḋḑᶱ ᵷᶅ ᵸᶪᵲᶇᶡᶆᵬᶝ

ᵸ  G

 

᷈Ḧḻḑ᷅ḳᴻḟᶍᶷ᷿᷄ḯḻ 

 

᷈Ḧḻḑ᷅ḳᴻḟᶊᶧᶂᶅ ᶆᵬᶪᶷ᷿᷄ḯḻᶊᶎᴲ᷀ᴻḕḳᶍ ᶇ ᶉ

ḩḪḲᴻ ᶍ 2 ᵫᵡᶩᶝᵸᴳ᷈Ḧḻḑ᷅ḳᴻḟᶎ 1 ᶃᶍᶷ᷿᷄ḯḻᶍᶞᶱ

ᶆᵬᶝᵸᴳ ᶍ ᶆ ᵾᶧᵥᶊᴲ᷀ᴻḕḳᶎ parallel_for  ᶝᵾᶎ 

single_task  ḩḅḋḑᶍ ᶒ ᵶᶱ ᵷᶅ ᵴᶫᴲḏḘᶹḁ ᶆ ᵸᶪ

ᶱ ᵶᶝᵸᴳ ᶉḏᴻḇ┌ ᶍ ᶎ2Ǝ ᶍḇᶹḟᶍᶷ᷿᷄ḯḻᶆᵸᴳ

USM ᶍ ᶊᶎ mƎemcpyƎ memset fƎill  ᵫ ᶝᶫᶝᵸᴳḘḋḝᶶᴻᶍ ᶊ

ᶎ cƎopy fƎill uƎpdate_host  ᶉᶈᵫᵡᶩᶝᵸ  G

 

᷈Ḧḻḑ᷅ḳᴻḟᵫ∟ ᶱ ᵸᶪ  

 

᷈Ḧḻḑ᷅ḳᴻḟᶍᶡ  v1 ᶃᶍ ᶉ᷈ḻḥᴻḕḻḐᶎᴲ᷅ḳᴻḟᶊᶧᶂᶅ ᵴᶫ

ᵾᶷ᷿᷄ḯḻᶱ ᵸᶪ ᶊ ᵾᵸ ᵫᵡᶪ∟ ᶍḃḋḐᶆᵸᴳSYCL ᶆᶎᴲ

ᵲᶫᶨᶍ∟ ᶱᵣᵮᶃᵪᶍ ᶆ ᶆᵬᶝᵸ G

 

ḟḵ᷅ḱḨᵫᶹḻᶿᴻḈ  ᴻSYCL ᷂ḭᴻᶱ ᵸᶪ ᴲ᷂ḭᴻᶍᶹḻᶿᴻḈ

ᴻᴴḃḦḻḎᶸ᷄ḁᶊᶧᶂᶅᴲ ᵶᶅ᷂ḭᴻᶊ ᵴᶫᶪ᷈Ḧḻḑ᷅ḳᴻḟ ᶍ∆

ᶉ∟ ᵫ ᵴᶫᶝᵸ  G ᵴᶫᵾḇḁ᷄ᵫ ᵸᶪᶝᶆᴲ ᶍḇḁ᷄

ᶎ ᶆᵬᶝᵺᶲ  G
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ᶹḡḻḐḡᴻḁᶍ∟ ᶎᴲ᷈Ḧḻḑ᷅ḳᴻḟᶱ ᵸᶪ ᶊ ᵸᶪ

ᵫᵡᶪ ᶱ ᵸᶪᶡ  v1 ᶃᶍ ᶆᵸᴳᵲᶫᶨᶍᶹḡḻḐḡᴻḁᶍ∟

ᶎ  Ǝ2 ᶃᶍḁḇᶹḳᶆ ᶆᵬᶝᵸᴳ ᶍ ᶎᴲ᷈Ḧḻḑ᷅ḳᴻḟᵫ᷂ḭᴻᶍ

ḩḅḋḑᶊ ᵴᶫᶪḱḨḈ ᶇᵶᶅ ᵴᶫᶪ ᶊ ᵴᶫᶝᵸᴳᵲᶍ

ᴲḟḵ᷅ḱḦᴻᶎ᷈Ḧḻḑᴴ᷅ḳᴻḟᴴḗḻḑḱᴻᴴᶿḞḀᶼ᷄Ḑᶍ depends_on  

ḩḅḋḑᶱ ᶒ ᵶᴲᶹḡḻḐᶝᵾᶎᶹḡḻḐḡ᷄Ḑḳᶍᵣᵹᶫᵪᶱḙḱḩᴻḇᴻᶇ

ᵶᶅ ᵶᶝᵸᴳᶡ v1 ᶃᶍ ᶎᴲ᷂ḭᴻᴴᶿḞḀᶼ᷄Ḑᶆ ᵴᶫᵾ᷿ḯᴻḐ᷀ḋ

Ḑᴴḩḅḋḑᵪᶨ᷈Ḧḻḑ᷅ḳᴻḟᵫ ᵴᶫᶪᶇᵬᶊ ᵴᶫᶝᵸᴳ  

ḟḵ᷅ḱḦᴻᵫ᷂ḭᴻ ᶆ parallel_for  ᶝᵾᶎ single_task  ᶱ ᶒ

ᵸ ᴲᶹḡḻḐᶝᵾᶎᶹḡḻḐᶍḡ᷄Ḑḳᵫ ḙḱḩᴻḇᴻᶇᵶᶅנּ ᵴᶫᶪ

ᵫᵡᶩᶝᵸ  G

 

∟ ᶱ ᵸᶪ ᶍ ᶎᴲᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵸᶪᵲᶇᶆ

ᵸᴳᶷ᷄ḃ᷊ᴻᶎᴲḘḋḝᶶᴻᴴᶿḞḀᶼ᷄Ḑ ᶍḏᴻḇᶍ ᶞ ᶩᴲᶝᵾᶎ ᵬ

ᶞᶆᶈᶍᶧᵥᶊ ᵴᶫᶪᵪᶱ ᵶᴲḱḻḇᶹḨᵫᵲᶍ ᵪᶨ│ᶉᶪ᷀ᴻḕ

ḳ ᶊ ᵸᶪḏᴻḇᶍ∟ ᶱ ᶆᵬᶪᶧᵥᶊᵶᶝᵸ G 

ᵲᶍ ᶍ ᶆ ᵶᵾᶧᵥᶊᴲḏᴻḇ∟ ᶍ ᶇᵶᶅᴲ᷀ᴻḕḳᵫ ᶍ᷀ᴻḕ

ḳᵫ ᵶᵾḏᴻḇᶱ ᶞ ᶪᵲᶇ2Ǝ ᶃᶍ᷀ᴻḕḳᵫ ᵷḏᴻḇᶊ ᵬ ᶟᵲ

ᶇᴲᶝᵾᶎ᷀ᴻḕḳᵫ ᶍ᷀ᴻḕḳᵫ ᶞ ᶂᵾḏᴻḇᶱ ᵸᶪᶉᶈᵫᵡᶩᶝ

ᵸ  G

 

 

 

ᵲᵲᶆᴲᵲᶫᶝᶆ ᵶᵾᵣᵮᶃᵪᶍ ᶱ ᶂᶅ ᵶᶝᵸᴳ2 ᶃᶍ│ᶉᶪ∟ ḙḇ

ᴻḻᶱᵣᵮᶃᵪᶍ ᶆ ᵸᶪ ᶱ ᵶᶝᵸᴳᵲᵲᶆ ᵸᶪ 2 ᶃᶍḙḇ

ᴻḻᶎ 1Ǝ ᶃᶍḇḁ᷄ᵫ ᶍḇḁ᷄ᶍ ᶊ ᵴᶫᶪ ∟ ḉᶼᴻḻᶇᴲ2 ᶃᶍ

ᵶᵾḇḁ᷄ᵫ ᵸᶪḇḁ᷄ᶍ ᶊ ᵴᶫ ᶅ YP  Rḙḇᴻḻᶆᵸ  G

 

ᵲᶫᶨᶍ∟ ḙḇᴻḻᶍ᷅ḱḝᶱ  Ǝ8 - 1 ᶇ 8 -2  ᶊ ᵶᶝᵸᴳ  8 -1 ᶎ

∟ ḉᶼᴻḻᶆᵸᴳ ᶍḖᴻḑᶎḏᴻḇᶍ ᶱטּ ᵶ2Ǝ ᶍḖᴻḑᶎḏᴻ

ḇ  ɵ1 ᶃᶍ ᶊוֹ ᵸᶪḲḈ᷿᷄ḯḻ ᶱ ᵶᶝᵸ  G8 - 2  ᶎ 2Ǝ ᶃᶍ│ᶉ

ᶪḏᴻḇᶱ ᶊ ᵸטּ  ᶅ YP  Rḙḇᴻḻᶆᵸ  G 
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ḏᴻḇᵫ ᵴᶫᵾטּ ᴲּנ ᷀ᴻḕḳᵫ 2 ᶃᶍḡ᷄Ḑḳᶱ ᵶᶝᵸᴳ ᶊᴲ

᷅ḱḝᶍ Ḗᴻḑᵫ וֹ  ɵ1 ᶃᶍ ᶊ ᵶᶝᵸ  G

 

 

 

 

 

 

 

 

 
 8 - 1.  ∟ ḉᶼᴻḻ᷅ḱḝ 

 

 

 

 

 

 

 

 

 

 

 

 

 
 8 - 2.  YP  Rḙḇᴻḻ∟ ᷅ḱḝ 

 

ḙḇᴻḻᶍ 3 ᶃᶍ│ᶉᶪ ᶱ ᵶᶝᵸᴳ ᶍ ᶆᶎᴲᶹḻᶿᴻḈᴻᴴ᷂

ḭᴻᶱ ᵶᶝᵸ 2G ᶎᴲᶹḡḻḐḡᴻḁᶍ∟ ᶱ ᵶᶝᵸᴳ  

ᶍ ᶆᶎᴲḘḋḝᶶᴻᶇᶷ᷄ḃ᷊ᴻᶱ ᵶᶅᴲ᷈Ḧḻḑ᷅ḳᴻḟ ᶍḏᴻḇ

ᶍ∟ ᶱ ᵶᶝᵸ  G

 

 8 -3  ᶎᴲᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶱ ᵶᶅ ∟ ḉᶼᴻḻᶱ ᵸᶪ

ᶱ ᵶᶅᵣᶝᵸ  Gᵲᶍ ᶎ ᶊ ᶆᵸᴳᶉᵻᶉᶨᴲᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶍḃḦ

ḻḎᶸ᷄ḁᶊᶧᶂᶅᴲ᷈Ḧḻḑ᷅ḳᴻḟ ᶍ ᵫᵸᶆᶊ ᵴᶫᶅᵣᶪᵪᶨ

ᶆᵸᴳ ᶊ ᵸᶪ᷀ᴻḕḳᶎᴲ ᶍ  ɵ1 ᶊ ᵶᶝᵸטּ  G 
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ᶍ᷀ᴻḕḳᶎᵼᶫᶨᶍ ᶱ ᵶᴲ ᵶᶅ ᶍ ᶊ ᵶᶝᵸᴳ᷂ḭᴻ

ᶎᶹḻᶿᴻḈᴻᶆᵡᶪᵾᶠᴲ ᶍ᷀ᴻḕḳᵫ ᵸᶪᶝᶆ 2 ᶍ᷀ᴻḕḳᵫ

ᶱ ᵶᶉᵣᶧᵥᶊᵸᶪᶍᶊᴲ ᶊּךᶡᵸᶪ ᶎᵡᶩᶝᵺᶲᴳ ᶊᴲ᷂ḭ

ᴻᵫᵸᶘᶅᶍḇḁ᷄ᶍ ᶱ ᵸᶪᶝᶆ ᵶᴲ ᶱוֹ ᵶᶝᵸᴳ 

 
#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

  

int  main () {  

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

 

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

 

 q. parallel_for (N, [=]( id <1> i ) { data [i] = 1; });  

 

 q. single_task ([=]() {  

 for  ( int  i = 1; i < N; i++) data [ 0] += data [i];  

 });  

 q. wait ();  

 

 assert ( data [ 0] == N);  

 return  0;  

}  

 
 8 - 3.  ᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶊᶧᶪ ∟ ḉᶼᴻḻ 

 

 8 -4  ᶎᴲᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶇᶹḡḻḐḡᴻḁᶍ∟ ᶱ ᵶᵾ ᵷ

ᶱ ᵶᶅᵣᶝᵸᴳᵲᵲᶆᶎpƎarallel_for  ᶗᶍ ᶍ ᶒ ᵶᵪᶨ ᵴᶫᵾᶹ

ḡḻḐᶱ᷂ḫḟḉḫᴻᵶᶝᵸᴳ2 ᶍ᷀ᴻḕḳᶎᴲᵼᶫᶱḙḱḩᴻḇᴻᶇᵶᶅ 

depends_on  ᶊ ᵸᵲᶇᶆᴲᵼᶍᶹḡḻḐᶗᶍ∟ ᶇᵼᶫᵫ ᵸ᷀ᴻḕḳ

ᶱ ᶆᵬᶝᵸᴳ  8 -6  ᶆᶎᴲ᷀ᴻḕḳᶱ ᵸᶪ᷿ḯᴻḐ᷀ḋḐᶍ 1 ᶃᶱ

ᵶᶅ 2Ǝ ᶍ᷀ᴻḕḳᶍ ᶱ ᵸᶪ ᶱ ᵶᶝᵸ G
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#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

  

int  main () {  

 queue  q;  

 

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

 

 auto  e = q. parallel_for (N, [=]( id <1> i ) { data [i] = 1; });  

 

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

 h. depends_on (e);  

 h. single_task ([=]() {  

 for  ( int  i = 1; i < N; i++) data [ 0] += data [i];  

});  

 });  

 q. wait ();  

 

 assert ( data [ 0] == N);  

 return  0;  

}  

 
 8 - 4.  ᶹḡḻḐᶊᶧᶪ ∟ ḉᶼᴻḻ 

 

 8 -5  ᶎ UƎSM ḥᶹḻḇᴻᶍ ᶮᶩᶊḘḋḝᶶᴻᶇᶷ᷄ḃ᷊ᴻᶱ ᵶᶅᴲ

∟ ḉᶼᴻḻᶍ ᶱ ᵬ ᵶᵾᶡᶍᶆᵸᴳᵲᵲᶆᶡᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶱ ᵶ

ᶝᵸᵫᴲ᷈Ḧḻḑ᷅ḳᴻḟᶍ ᵰᶊᶎᴲᶹḡḻḐḡᴻḁᶍ∟ ᶆᶎᶉ

ᵮᴲᶷ᷄ḃ᷊ᴻᶱ ᵷᶅ ᵴᶫᵾḏᴻḇ∟ ᶱ ᵶᶝᵸᴳ  

2 ᶍ᷀ᴻḕḳᶎ ᶍ᷀ᴻḕḳᶆ ᵴᶫᵾḏᴻḇᶱ ᶞ ᶩᶝᵸᴳ ᵷḘ

ḋḝᶶᴻᴴᶿḞḀᶼ᷄Ḑᶊ ᶄᵣᶅᶷ᷄ḃ᷊ᴻᶱ ᵶᶅᵣᶪᵾᶠᴲḱḻḇᶹḨᶎᵲ

ᶫᶱ ᶆᵬᶝᵸᴳ ᶍ ᶇᶎ│ᶉᶩᴲ᷂ḭᴻᵫᵸᶘᶅᶍḇḁ᷄ᶍ ᶱ ᵸᶪ

ᶝᶆ ᵶᶝᵺᶲᴳ ᶮᶩᶊ2Ǝ ᶍ᷀ᴻḕḳᶍ ᶇᴲḣḁḐ ᶆ ᵶᵣ ᵧ

ᶱ ᵶᵾᶷ᷊ᴻ᷿ḯḻ ᶍḏᴻḇ∟ ᶱ ᵸᶪḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵶ

ᶝᵸᴳḣḁḐᶷ᷄ḃ᷊ᴻᶎḣḁḐ ᶍ ᶍḏᴻḇᶱ ᵶᶝᵸᵫᴲḘḋḝᶶᴻ

ᶊ ᵴᶫᶪᶇᴲ ᶍḣḁḐḩḪḲᴻᵫ ᵴᶫᶅᵣᶪᵲᶇᶎ ᵴᶫᶉᵣᵲᶇ

ᶊ ≥ᵶᶅᵮᵿᵴᵣ  G 
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ᶊḘḋḝᶶᴻᶱ ᵸᶪᵪᴲ 7 ᶆ ᵶᵾḧḭᴻḎḋ᷄ḁᴴḩ᷀ḓḂḨᶍ

ᶧᵥᶉ ᶉḩ᷀ḓḂḨᶱ ᵶᶉᵣ ᶩᴲ ᶍḣḁḐḩḪḲᴻᶊᶎ↨ ᶊᶷ᷄ḃ

ḁᶆᵬᶝᵺᶲ  G

 
#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

  

int  main () {  

 queue  q;  

 

 buffer <int > data{ range {N}};  

 

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

 accessor  a{data, h};  

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

 });  

 

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

 accessor  a{data, h};  

 h. single_task ([=]() {  

 for  ( int  i = 1; i < N; i++) a[ 0] += a[i];  

 });  

 });  

 

 host_accessor  h_a{data};  

 assert ( h_a [ 0] == N);  

 return  0;  

}  

 
 8 - 5.  Ḙḋḝᶶᴻᶇᶷ᷄ḃ᷊ᴻᶊᶧᶪ ∟ ḉᶼᴻḻ 

 

 8 -6  ᶎᴲᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶱ ᵶᶅ YP  Rḙḇᴻḻᶱ ᵸᶪ ᶱ

ᵶᶅᵣᶝᵸᴳᵲᶍ ᶆᶎ2Ǝ ᶃᶍ  data1  ᶇ data2  ᶱ ᵶᶝᵸᴳ ᶊᴲ

ᶱᵼᶫᵽᶫ ᵸטּ  ᶅ2 ᶃᶍ᷀ᴻḕḳᶱ ᵶᶝᵸᴳᵲᶫᶨᶍ᷀ᴻḕḳᶎ ᶊ

∟ ᵶᶅᵣᶝᵺᶲᵫᴲ᷂ḭᴻᵫᶹḻᶿᴻḈᴻᶆᵡᶪᵾᶠᴲ᷀ᴻḕḳᶎ ᶊ ᵸ

ᶪ ᵫᵡᶩᶝᵸᴳᵲᶍ ᶆᶎᴲ 2 ᶃᶍ᷀ᴻḕḳᶍ ᶱ ᶫ ᵧᶅᶡᶝᶂᵾᵮ

ᶉᵣᵲᶇᶊ ᵶᶅᵮᵿᵴᵣ2G ᶍ᷀ᴻḕḳᵫ ᵴᶫᵾ 3Ǝ ᶍ

᷀ᴻḕḳᶎ 2 ᶍ ᶍ ᶱ 1 ᶍ ᶍ ᶊּנ ᵶᶝᵸᴳ ᶍ᷀

ᴻḕḳᶎ ᶍ ᶍ ᶱ ᵶᶅᴲ ∟ ḉᶼᴻḻᶍ ᶆ ᶂᵾᶍᶇ ᵷ

ᶱוֹ ᵶᶝᵸ  G 
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ᵲᶍ ᷀ᴻḕḳᶎ ᶍ᷀ᴻḕḳᶊ∟ ᵶᶝᵸᵫᴲᵲᶍ ḉᶼᴻḻᶡᶹḻᶿᴻḈ

ᴻᴴ᷂ḭᴻᶊᶧᶂᶅ᷂ḫḟḉḫᴻᵴᶫᶝᵸᴳ ᶊᴲᵸᶘᶅᶍ᷀ᴻḕḳᵫ ᵸᶪᶝ

ᶆ ᵶᴲ ᶊ ᵴᶫᵾᵲᶇᶱ ᵶᶝᵸᴳ 

 
#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

  

int  main () {  

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

 

 int  *data1 = malloc_shared <int >(N, q);  

 int  *data2 = malloc_shared <int >(N, q);  

 

 q. parallel_for (N, [=]( id <1> i ) { data1 [i] = 1; });  

 

 q. parallel_for (N, [=]( id <1> i ) { data2 [i] = 2; });  

 

 q. parallel_for (N, [=]( id <1> i ) { data1 [i] += data2 [i]; });  

 

 q. single_task ([=]() {  

 for  ( int  i = 1; i < N; i++) data1 [ 0] += data1 [i];  

 

 data1 [ 0] /= 3;  

 });  

q. wait ();  

 

 assert ( data1 [ 0] == N);  

 return  0;  

}  

 
 8 - 6.  ᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶇ YP  Rḙḇᴻḻ 

 

 8 -7  ᶎᴲᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᶆᶎᶉᵮᴲᶷᶻḐᶿḞᶿᴻḈᴻᴴ᷂ḭᴻᶱ ᵶ

ᵾ YP  Rḙḇᴻḻᶍ ᶱ ᵶᶅᵣᶝᵸᴳ᷂ḭᴻᶍ ᶊᶧᶩ∟ ᵫ∆ ᶆᶎ

ᶉᵮᶉᶪᵾᶠᴲᶹḡḻḐᶱ ᵶᶅ᷈Ḧḻḑ᷅ḳᴻḟ ᶍ∟ ᶱ ᶊ

ᵶᶝᵸᴳ  8 -6  ᶊ ᵸᶧᵥᶊᴲ ᶊ∟ ᶍᶉ  r2 ᶃᶍ ᵶᵾ᷀ᴻḕḳ

ᶱ ᵶᶝᵸᴳᵲᶫᶨᶍ᷀ᴻḕḳ ɵ2 ᶃᶍᶹḡḻḐ e1 ᶇ e2 ᶆ ᵶᶝᵸ 3G 

ᶍ᷀ᴻḕḳᶱ ᵸᶪᶇᵬᶎᴲ ᶍ 2 ᶃᶍ᷀ᴻḕḳᶊ∟ ᵸᶪᵲᶇᶱ ᵸᶪ

ᵫᵡᶩᶝᵸ  G  
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ᵲᶫᶎᴲ ᵸᶪ ᶊᶹḡḻḐ e1  ᶇ e2 ᵫ ᵸᶪᵲᶇᶊ∟ ᵸᶪᴲᶇ ᵥ

ᶆ ᵶᶝᵸᴳᵾᵿᵶᴲᵲᶍ ᶆᶎᴲḗḻḑḱᴻᶍ depends_on  ḩḅḋḑᶍ ᶮᶩᶊᴲ

᷿ḯᴻḐ᷀ḋḐ ᶱ ᵶᶅᵲᶫᶨᶍ∟ ᶱ ᵶᶝᵸᴳ  

ᵲᵲᶆᴲᶹḡḻḐᶱ ḙḱḩᴻḇᴻᶇᵶᶅ parallel_forנּ  ᶊ ᵶᶝᵸᴳ╗ ᶊ

ᶍᶹḡḻḐᶱ ᵸ ᴲᶹḡḻḐᶍ std::vector  ᶱ ᵰ ᶫᶪ ᶱ

ᵶᶝᵸᵫᴲ ᵣᶉᵲᶇᶊᴲ ᶍ C++ ᶆᶎᴲ  {e1, e2}  ᶱ ᶉḡ᷄Ḑḳᶊ

ᶊ ᵸᶪᵾᶠᴲᵲᶍ ᵫ ᵴᶫᶝᵸ Gטּ

 
#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

  

 
int  main () {  

queue  q;  

 

 int  *data1 = malloc_shared <int >(N, q);  

 int  *data2 = malloc_shared <int >(N, q);  

 

 auto  e1 =  

 q. parallel_for (N, [=]( id <1> i ) { data1 [i] = 1; });  

 

 auto  e2 =  

 q. parallel_for (N, [=]( id <1> i ) { data2 [i] = 2; });  

 

 auto  e3 = q. parallel_for (  

 range {N}, {e1, e2},  

 [=]( id <1> i ) { data1 [i] += data2 [i]; });  

 

 q. single_task (e3, [=]() {  

  for  ( int  i = 1; i < N; i++) data1 [ 0] += data1 [i];  

 

  data1 [ 0] /= 3;  

 });  

 q. wait ();  

 

 assert ( data1 [ 0] == N);  

 return  0;  

}  

 
 8 - 7.  ᶹḡḻḐᶇ YP  Rḙḇᴻḻ 
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ᶍ  (  8 -8  ᶱ ) ᶆᶎ UƎSM ḥᶹḻḇᴻᶇᶹḡḻḐᶱḘḋḝᶶᴻᶇᶷ

᷄ḃ᷊ᴻᶊ ᵬ ᵧᶅᵣᶝᵸᴳᵲᶍ ᶆᶎ2Ǝ ᶃᶍ  data1  ᶇ data2  ᶱḘḋ

ḝᶶᴻᴴᶿḞḀᶼ᷄Ḑᶇᵶᶅ ᵶᶝᵸᴳᶷ᷄ḃ᷊ᴻᶱ᷈Ḧḻḑᴴ᷅ḳᴻḟᴴḗḻḑḱᴻᶊ

ᵰᶪ ᵫᵡᶪᵾᶠᴲ᷀ᴻḕḳᶆᶎ᷀ᴻḕḳᶱ ᵸᶪ᷿ḯᴻḐ᷀ḋḐᴴḩḅ

ḋḑᶱ ᵶᶅᵣᶝᵺᶲᴳᵲᵲᶆᶡᴲ3 ᶍ᷀ᴻḕḳᶎᴲ ᶍ 2 ᶃᶍ᷀ᴻḕḳ

ᶗᶍ∟ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᵲᶆᶎᴲḘḋḝᶶᴻᶍᶷ᷄ḃ᷊ᴻᶱ

ᵸᶪᵲᶇᶊᶧᶂᶅᵲᶫᶱ ᵶᶝᵸᴳ ᶊᵲᶫᶨᶍḘḋḝᶶᴻᶍᶷ᷄ḃ᷊ᴻᶱ

ᵶᶅᵣᶪᵾᶠᴲḱḻḇᶹḨᶎᵲᶫᶨᶍ᷀ᴻḕḳᶍ ᶱ ᶊ ᵰᶪᵲᶇᵫ

ᶆᵬᶝᵸᴳᵴᶨᶊᴲᶷ᷄ḃ᷊ᴻ b ᶱ ᵸᶪ ᶊᴲḱḻḇᶹḨᶊ נּ ᶱ ᵶ

ᶝᵸᴳᶷ᷄ḃḁḇ ᷅ rPead_only  Rᶱ ᵸᶪᵲᶇᶆᴲᵲᶍḏᴻḇᶱנּ ᶞ ᶪᵿᵰ

ᶆᴲ ᵶᵣ ᶱ ᵶᶉᵣᵲᶇᶱḱḻḇᶹḨᶊ ᶨᵺᶝᵸᴳ ∟ ḉᶼᴻḻᶍḘ

ḋḝᶶᴻᶇᶷ᷄ḃ᷊ᴻᶍ ᶆ ᵾᶧᵥᶊᴲ ᶉ᷀ᴻḕḳᶎᴲ3 ᶍ᷀ᴻḕḳ

ᶆ ᵴᶫᵾ ᶱ ᵸᶪᵲᶇᶊᶧᶂᶅ ᶱ ᵰᶝᵸ G 

ᶍ ᶱ ᵸᶪᶊᶎᴲ ᷀ᴻḕḳᶍ ᵫ ᵸᶪᶝᶆ ᵶᴲᵼᶍ

ḏᴻḇᶱḣḁḐᶊ ᵶᶅ ᶞ ᶩᴲ ᵶᵣ ᶱוֹ ᵶᵾᵲᶇᶱᶷ᷊ᴻḐᵸᶪḣ

ḁḐᶷ᷄ḃ᷊ᴻᶱ ᵶᶝᵸᴳ 
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#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

constexpr  int  N = 42;  

  

int  main () {  

 queue  q;  

 

 buffer <int > data1{ range {N}};  

 buffer <int > data2{ range {N}};  

 

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

 accessor  a{data1, h};  

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

 });  

 

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

 accessor  b{data2, h};  

 h. parallel_for (N, [=]( id <1> i ) { b[i] = 2; });  

 });  

 

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

 accessor  a{data1, h};  

 accessor  b{data2, h, read_only};  

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

 });  

 

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

 accessor  a{data1, h};  

 h. single_task ([=]() {  

 for  ( int  i = 1; i < N; i++) a[ 0] += a[i];  

 

 a[ 0] /= 3;  

 });  

 });  

 

 host_accessor  h_a{data1};  

 assert ( h_a [ 0] == N);  

 return  0;  

}  

 
 8 - 8.  ᶷ᷄ḃ᷊ᴻᶇ YP  Rḙḇᴻḻ 
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᷈Ḧḻḑ᷅ḳᴻḟᶍ ᶎᵣᶃ ᵴᶫᶪ  χ

 

ḇḁ᷄᷅ḱḝᶎ ᶆᵡᶪᵾᶠᴲ᷈Ḧḻḑ᷅ḳᴻḟᵫ ᶊᵣᶃ ᵴᶫᶪᵪ

ᶊ ᵥᶍᶎ ᶆᵸᴳᵲᵲᶝᶆᶆᴲ᷀ᴻḕḳᶎ∟ ᵫ ᵾᵴᶫᶪᶇᵸᵯᶊ

ᵴᶫᶪּס ᵫᵡᶪᵲᶇᶎ ᶨᵪᶆᵸᵫᴲ᷈Ḧḻḑ᷅ḳᴻḟᶍḣḁḐ ᶆᶎּך

ᵫ ᵲᶪᶆᵶᶦ ?v  

 

᷈Ḧḻḑ᷅ḳᴻḟᵫ᷂ḭᴻᶊ ᵴᶫᶪᶇᴲḣḁḐ ᶆ ᶀᶊ ᵴᶫᶝᵸ (

ᶒ ᵶᵫ ᵴᶫᶪ )ᴳ᷈Ḧḻḑ᷅ḳᴻḟᶍḣḁḐ ᶎ 1 ᵿᵰ ᵴᶫᶝ

ᵸᴳ᷈Ḧḻḑ᷅ḳᴻḟᶆ ᵴᶫᵾ᷀ᴻḕḳᴲᶝᵾᶎ ᶉḏᴻḇ ᶎᴲḏḘ

ᶹḁ ᶆ ᵸᶪᵾᶠ᷂ḭᴻᶊ ᵴᶫᶝᵸᴳ 

 

 

ḏᴻḇ┌  
 

ḏᴻḇᶍ┌ ᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍḙḝᶾᴻḦḻḁᶱ ᵸᶪᵾᶠᶊ סּ ᶉᴲ

SYCL ᶍ᷅ḱḝᶍᶡ  v1 ᶃᶍ ᶉ ᶆᵸᴳᵾᵿᵶᴲḘḋḝᶶᴻᶇᶷ᷄ḃ᷊ᴻᴲ

ᶝᵾᶎ USM ᶩ ᶅᶱ ᵶᶅḟḵ᷅ḱḨ ᶆḏᴻḇᶍ┌ ᵫ∆ ᶊ

ᶮᶫᶪ ᴲ ᶇᵴᶫᶅᵶᶝᵥᵲᶇᵫᵡᶩᶝᵸᴳ  

ᶊᴲḏᴻḇᶍ┌ ᵫ SYCL ᶆᶍ᷅ḱḝ ᶊᶈᶍᶧᵥᶉ☼ ᵸᶪᵪᴲᵴᶝᵵᶝ

ᶉ ᶱ ᶘᶝᵸ  G

 

ᶉḏᴻḇ┌  

 

ᶉḏᴻḇ┌ ᶍ ᶎᴲᵼᶫᵫ᷅ḱḝᶊ ᶊ ᶫᶪᵾᶠᴲ᷅ḱḝᶍ

ᶊּךᵫ ᵲᶂᶅᵣᶪᵪḟḵ᷅ḱḦᴻᶊ ᶨᵪᶊᶉᶪᵲᶇᶆᵸᴳ ᶉḏᴻ

ḇ  ɵUSM ᶇḘḋḝᶶᴻ ᶊ ᵰᶝᵸ G
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 6 ᶆ ᵶᵾᶧᵥᶊ UƎSM ᶱ ᵶᵾ ᶉḏᴻḇ┌ ᶎᴲḏḘᶹḁ

ᶩ ᶅᶇḣḁḐ ᶆḏᴻḇᶱ᷈Ḝᴻᵸᶪ ᵫᵡᶪᶇᵬᶊ ᵶᶝᵸᴳᵲᶫᶎᴲ

᷂ḭᴻ᷄ḱḁᶇḗḻḑḱᴻ᷄ḱḁᶍ ᶊᵡᶪ memcpy ḩḅḋḑᶱ ᵶᶅ

ᶆᵬᶝᵸᴳᶷ᷿᷄ḯḻᶝᵾᶎ᷈Ḧḻḑ᷅ḳᴻḟᶱ ᵸᶪᶇᴲ ᶍ᷈Ḧḻḑ᷅ḳᴻ

ḟᶱ ᵶᶅ᷈Ḝᴻᶱ ᵰᶪᵾᶠᶊ ᶆᵬᶪᶹḡḻḐᵫ ᵴᶫᶝᵸᴳ 

 

Ḙḋḝᶶᴻᶱ ᵶᵾ ᶉḏᴻḇᶍ┌ ᶎᴲ᷈Ḧḻḑᴴ᷅ḳᴻḟᴴḗḻḑḱ

ᴻᴴᶿḞḀᶼ᷄Ḑᶍ copy ḩḅḋḑᶝᵾᶎ update_host  ḩḅḋḑᶱ ᶒ ᵸᵲ

ᶇᶊᶧᶂᶅ ᶮᶫᶝᵸ cGopy ḩḅḋḑᶱ ᵸᶪᶇᴲḣḁḐḩḪḲᴻᶇḏḘᶹḁ

ᶍᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑ ᶆḏᴻḇᶱ ᶆ ᶆᵬᶝᵸᴳ  

ᵲᶫᶎᵴᶝᵵᶝᶉ ᶆּס ᶆᵸᴳ ᶉ ᶇᵶᶅᴲ ᵴᶫᶪ ᷿ᴻ

᷆ḻḁᶍḉᶼḋ᷄ḥᶹḻḐᶍ ᵫ ᵱᶨᶫᶝᵸᴳcopy  ḩḅḋḑᶆᶎᴲḏḘᶹḁᵪ

ᶨ ≥ᶍḣḁḐḩḪḲᴻᶊ╗ ᶊḏᴻḇᶱ ᵬ ᶟᵲᶇᵫᶆᵬᶝᵸᴳᵲᶫᶱḘƎ

ḋḝᶶᴻᶱ ᵶᶅ ᵥ ᴲᶚᶇᶲᶈᶍ᷆ᴻḁᶆᶎ (ᶃᶝᶩᴲḘḋḝᶶᴻᵫ 

use_host_ptr  ᶆ ᵴᶫᶅᵣᶉᵣ )ᴲᶝᵹḏᴻḇᶱḣḁḐᶊ᷈Ḝᴻᵶᴲ

ᶊḘḋḝᶶᴻᶍḩḪḲᴻᵪᶨ ᶍḣḁḐḩḪḲᴻᶊ᷈Ḝᴻᵸᶪ ᵫᵡᶩᶝᵸᴳ 

 

update_host ḩḅḋḑᶎᴲ᷈Ḝᴻᶍ ᶆᵸᴳḣḁḐḥᶹḻḇᴻᶍ ∫ᶊ

Ḙḋḝᶶᴻᵫ ᵴᶫᵾ ᴲᵲᶍḩḅḋḑᶎᶷ᷄ḃ᷊ᴻᶊᶧᶂᶅ ᵴᶫᶪḏᴻḇ

ᶱ ᶍḣḁḐḩḪḲᴻᶊ᷈Ḝᴻᵶᶝᵸᴳ ᵲᶫᶎᴲḟḵ᷅ḱḨᵫ ᶉ use_mutex  

ḟḵḙḎᶸᴻᶱ ᵶᶅ ᵴᶫᵾḘḋḝᶶᴻᶇᴲḣḁḏᴻḇᶱ ᶆ ᵸᶪ

ᶊ ᶀᶝᵸᴳᵾᵿᵶᴲᵲᶍḮᴻḁ᷆ᴻḁᶎᶚᶇᶲᶈᶍḟḵ᷅ḱḨᶆ ᵸᶪ

סּ ᶎ ᵣᶇ ᶮᶫᶝᵸ  G

 

∆ ᶉḏᴻḇ┌  

 

∆ ᶉḏᴻḇ┌ ᶎ SƎYCL ᶍ᷈Ḧḻḑ᷅ḳᴻḟᶇḇḁ᷄᷅ḱḝᶊ╬ᶫᵾ☼

ᶱ ᶛᵸּס ᵫᵡᶩᶝᵸᴳ∆ ᶉḏᴻḇ┌ ᶆᶎSƎYCL ḱḻḇᶹḨᶝᵾᶎ

ḗᴻḑᶻᶼᶷᶇḅḝḐᶻᶼᶷᶍ ᶞ ᶮᵺᶊᶧᶂᶅᴲḣḁḐᶇḏḘᶹḁ ᶆḏᴻḇᵫ

᷈Ḝᴻᵴᶫᶝᵸᴳᶈᶀᶨᶍ ᶡᴲḮᴻ᷾ᴻᵪᶨᶍ ᶉ ᶉᵶᶊ᷈Ḝᴻᵫ

ᶮᶫᶝᵸᴳᶡᵥ╗ UƎSM ᷆ᴻḁᶇḘḋḝᶶᴻ᷆ᴻḁᶱ ᶊ ᶅᶞᶝᵶᶦᵥᴳ 
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USM ᶆᶎᴲḣḁḐᶇ ᶍ ᶩ ᶅᶊᶧᶂᶅ∆ ᶉḏᴻḇ┌ ᵫ ᶮᶫᶝ

ᵸᴳ  6 ᶆ ᵶᵾᶧᵥᶊᴲḣḁḐ ᶩ ᶅᶎ ᶊḏᴻḇᶱ┌ ᵸᶪᶍᶆᶎ

ᶉᵮᴲḲḪᴻḐᶆḏᴻḇᶊᶷ᷄ḃḁᵶᴲ ᶩ ᶅᶎḣḁḐᶇḏḘᶹḁ ᶆн

ᶪ ᵫᵡᶩᶝᵸᴳᵲᶍ ᶎ ᶊ ᶮᶫᶪᵾᶠ UƎSM ᶍ∆ ᶉḏᴻḇ

┌ ᶇ᷈Ḧḻḑ᷅ḳᴻḟᶱ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳ ᵾᵿᵶᴲ ᶩ ᶅᶊ

ᵶᶅᶎ ≥ᵶᶅᵩᵮᶘᵬ ᶉ ᵫᵣᵮᶃᵪᵡᶩᶝᵸᴳ 

 

ḟḲḝᶼḋḉ ᶎ memcpy ᶇ ᶍ ᶆ ᵶᴲ᷀ᴻḕḳᵫ ᶩ ᶅ

ᶱ ᵸᶪ ᶊḱḻḇᶹḨᵫ ᶩ ᶅᶍ ᶱ ᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳᵾᵿ

ᵶᴲ ᵶᵣ ᶱוֹ ᶊᵸᶪḏᴻḇᶱ᷈Ḝᴻᵸᶪ ᵫᵡᶪ memcpy ᶇᶎ│ᶉᶩᴲ

ḟḲḝᶼḋḉᶎḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪḱḻḇᶹḨᶗᶍḚḻḐᶇᵶᶅ⅛ᶮᶫᶪᵲ

ᶇᵫ ᵮᴲḟḲḝᶼḋḉᶆᶎḩḪḲᴻ ᶍḥᶹḻḇᴻ ᵫ ᶊᶉᶪᵲᶇᶎᵡᶩᶝ

ᵺ  ɸ( ᵶᵣᶷḑḴḁ ∫ᶊ᷈Ḝᴻᵸᶪᶧᵥᶊ)ᴳ᷀ᴻḕḳᶍ ᶊḟḲḝᶼ

ḋḉᵫ ᵶᶅᵣᶉᵮᶅᶡḟḵ᷅ḱḨᶎ ᶊ ᵴᶫᶝᵸᵫᴲḟḲḝᶼḋḉ

ᶎ ᶆᶎᶉᵣᵾᶠᴲ ᵮᶍ᷈ᴻḑᶆᶎ᷅ḱḝ ᶍ᷈Ḧḻḑ᷅ḳᴻḟᵫḟḲḝ

ᶼḋḉ ᶊ∟ ᵶᶉᵣᶧᵥᶊ ᵸᶪᵲᶇᵫᵡᶩᶝᵸᴳ  

 

Ḙḋḝᶶᴻᶊᶡ ᶍḓḭᶷḻḁᵫᵡᶩᶝᵸᴳḘḋḝᶶᴻᶱ ᵸᶪ ᴲ᷈Ḧḻ

ḑ᷅ḳᴻḟᶎᴲḏᴻḇᶍ ᶱ ᵸᶪḘḋḝᶶᴻᶍᶷ᷄ḃ᷊ᴻᶱ ᵸᶪ

ᵫᵡᶩᶝᵸᴳᵲᶫᶨᶍḏᴻḇ∟ ᶎᴲ│ᶉᶪ᷈Ḧḻḑ᷅ḳᴻḟ ᶍ ᶱ

ᵶᵾḇḁ᷄᷅ḱḝᶍ ᶱּס ᶊᵶᶝᵸᴳᵾᵿᵶᴲḘḋḝᶶᴻᶱ ᶃ᷈Ḧḻḑ᷅ḳ

ᴻḟᶎᴲḏᴻḇᶍ┌ ᶊ ᵸᶪ ᶱ ᵸᶪ ᶍ ᶱֹוᵾᵸ ᶡᵡᶩᶝᵸᴳ 

 

ᶷ᷄ḃ᷊ᴻ ᶎᴲ᷀ᴻḕḳᵫḘḋḝᶶᴻᶱ ᶞ ᶪᵪᴲḘḋḝᶶᴻᶊ ᵬ ᶟᵪᶱ

ᵶᶝᵸᴳᵲᶍᵲᶇᵪᶨ ᶊᴲḏᴻḇᶎḏḘᶹḁ ᶆᶡ סּ ᶆᵡᶪ

ᵫᵡᶩᴲᵼᵥᶆᶉᵣ ᶎᴲ᷀ᴻḕḳᵫ ᶱ ᵸᶪ ᶊḱḻḇᶹḨᵫḏᴻḇᶱ

ḏḘᶹḁᶊ┌ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵶᵾᵫᶂᶅᴲSYCL ḱḻḇᶹḨᶎᴲḏᴻḇ┌

ᶱḁ᷆Ḁḭᴻḳᶆᵬᶪᶧᵥᶊᴲ ᶍḘḋḝᶶᴻᵫ ᵸᶪ ᶱ ᵸᶪ

ᵫᵡᶩᶝᵸᴳᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᵲᶇᶆᴲ᷅ḱḝ ᶊ ᶍ╬ᵶḖᴻḑᵫנּ

ᵴᶫᶝᵸᴳḏᴻḇᶍ┌ ᵫ ᶉ ᶎᴲḱḻḇᶹḨᵫ ᶊᵼᶫᶱ ᵸᶪ

ᵫᵡᶩᶝᵸᴳᵼᶫᶊᶧᶩᴲ ᶠᶅᴲ ᵴᶫᵾ᷀ᴻḕḳᵫ ᶆᵬᶪᶧᵥᶊᶉᶩ

ᶝᵸ  G
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 8 -8  ᶱ ᵶᶅᶞᶝᵶᶦᵥᴳᵲᶍ ᶆᶎᴲ ᶍ 2 ᶃᶍ᷀ᴻḕḳᶆᶎᴲ

Ḙḋḝᶶ  ᴻdata1 ᶇ data2 ᶱḏḘᶹḁᶊ᷈Ḝᴻᵸᶪ ᵫᵡᶩᶝᵸᴳḱḻḇᶹ

Ḩᶎᴲḏᴻḇᶱ┌ ᵸᶪᵾᶠ ∆ᶍ᷅ḱḝḖᴻḑᶱנּ ᶊ ᵶᶝᵸᴳ3 ᶍ

᷀ᴻḕḳᶍ᷈Ḧḻḑ᷅ḳᴻḟᵫ ᵴᶫᶪᶇᴲᵲᶫᶨᶍḘḋḝᶶᴻᶎᶝᵿḏḘᶹḁ

ᶊᵡᶪּס ᵫ ᵣᵾᶠᴲḱḻḇᶹḨᶎ ┌ᶍḏᴻḇנּ ᶱ ᵥ ᵫᵡᶩᶝ

ᵺᶲ 4G ᶍ᷀ᴻḕḳᶍḏᴻḇᶡᴲ ┌ᶍḏᴻḇנּ ᶱ ᶇᵶᶉᵣּס ᵫ

ᵡᶩᶝᵸᵫᴲḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᶊᶎᴲᶷ᷄ḃ᷊ᴻᵫ סּ ᶊᶉᶪ ᶊᴲ

ḱḻḇᶹḨᵫḘḋḝᶶ ᴻdata1  ᶱḣḁḐᶊ ᵸ┌ ᶱḁ᷆Ḁḭᴻḳᵸᶪ ᵫᵡ

ᶩᶝᵸ  G

 

 

ḣḁḐᶇᶍ  
 

ᶊ ᵸᶪḐḜḋ᷄ᶎᴲ᷅ḱḝᶍ ᶱḣḁḐᶇ ᵸᶪ ᶆᵸᴳᵲᶍ ᶆ

ᶎᵲᶍ ᶊᶃᵣᶅ ᶫᶅᵣᶝᵸᵫᴲᵲᵲᶆᶎḟḵ᷅ḱḨᵫᵲᶫᶱ ᵸᶪ ᶱ

ᵸᶘᶅ ᵶᶝᵸ  G

 

ḣḁḐ ᶍ ᶍ ᶎᴲᵲᶫᶝᶆᶍ ᶆ ᵶᶅᵬᵾ ᴲᶃᶝᶩ᷂ḭᴻᶆ

ᵸᶪ ᶆᵸᴳ᷂ḭᴻᴴᶿḞḀᶼ᷄Ḑᶊᶎᴲ᷂ḭᴻᶊ ᵴᶫᵾᵸᶘᶅᶍ᷈Ḧḻ

ḑ᷅ḳᴻḟᵫ ᵸᶪᶝᶆḣḁḐᶍ ᶱḞḵḋ᷄ᵸᶪ wait  ᶇ 

wait_and_throw  ᶍ 2 ᶃᶍḩḅḋḑᵫᵡᶩᶝᵸᴳᵲᶫᶎᴲ╗ ᶉ᷆ᴻḁᶱ

ᵸᶪ ᶊ ᶉ ᶆᵸ  G 

ᵾᵿᵶᴲᵲᶍ ᶎ ᶆᵡᶪᵲᶇᶎ ᵶᶅᵩᵬᶝᵸᴳᵬᶠ ᵪᵣ ᵫ

ᶉ  (ᵾᶇᵧᶏᴲḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪᵾ)fᴲᵲᵲᶆ ᵸᶪ ᶍᶷ

ḟḵᴻḉᵫᶷḟḲ᷆ᴻ᷿ḯḻᶍḓᴻḂᶊᶧᶩ ᵶᶅᵣᶪּס ᵫᵡᶩᶝᵸᴳ  

 

ḣḁḐ ᶍ ᶍ ᶎᴲᶹḡḻḐᶆ ᵸᶪᵲᶇᶆᵸᴳᵲᶫᶊᶧᶩᴲᶷḟḲ᷆ᴻ

᷿ḯḻᶎ ᶍᶷ᷿᷄ḯḻᶝᵾᶎ᷈Ḧḻḑ᷅ḳᴻḟᶍᶞᶆ ᶆᵬᶪᵾᶠᴲ᷂ḭᴻ

ᶍ ᶧᶩᶡ ᵫ ᶝᶩᶝᵸᴳᵲᶫᶎᴲᶹḡḻḐᶆ wait  ḩḅḋḑᶱ ᶒ ᵸ

ᵪᴲᶹḡḻḐᶍḡ᷄Ḑḳᶱ ᵰ ᶫᶪᶹḡḻḐ᷄ḱḁᶆ ḩḅḋḑ wait  ᶱ ᶒ

ᵸᵲᶇᶊᶧᶂᶅ ᶮᶫᶝᵸ G

 

 

 

 

 

 



 

 

 

 

 

 8 -5  ᶇ 8 -8  ᶆᶎᴲ ᶍḩḅḋḑᶆᵡᶪḣḁḐᶷ᷄ḃ᷊ᴻᵫ ᵴᶫᶅᵣᶝ

ᵸᴳḣḁḐᶷ᷄ḃ᷊ᴻᶊᶎ 2 ᶃᶍ ᵫᵡᶩᶝ :н 1 ᶃᶎ ᵫ ᵸᶧᵥᶊᴲḣḁ

Ḑ ᶆḏᴻḇᶊᶷ᷄ḃḁᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳ2 ᶃᶠᶎᴲ ᶷ᷄ḃḁᵶᶅᵣᶪ᷅

ḱḝᶇḣḁḐ ᶊ ᵶᵣ∟ ᶱ ᵶᶅᴲḣḁḐᶇḏḘᶹḁᶱ ᵶᶝᵸᴳᵲ

ᶫᶊᶧᶩᴲḣḁḐᶊ ᵬ ᵴᶫᶪḏᴻḇᵫᴲ᷅ḱḝᶱ ᵶᵾ ᶊᶧᶪ ᵶᵣ

ᶆᵡᶪᵲᶇᵫ ᵴᶫᶝᵸᴳᵾᵿᵶᴲḘḋḝᶶᴻᵫ ᶍḣḁḐḩḪḲᴻᵪᶨ

ᵴᶫᵾ ᴲᵲᶍ ᶍḩḪḲᴻᶊ ᵴᶫᵾ ᵫ ᶝᶫᶪᶇᶎ ᶨᶉᵣᵲᶇᶊ

≥ᵶᶅᵮᵿᵴᵣ  G 

 

ḣḁḐᶷ᷄ḃ᷊ᴻᵫḞḵḋ᷄ᵴᶫᶅᵣᶪᵲᶇᶊᶡ ≥ᵶᶅᵮᵿᵴᵣᴳḏᴻḇᵫ

סּ ᶊᶉᶪᶝᶆᴲḣḁḐᶷ᷄ḃ᷊ᴻᶍ ∙ ᶎᴲḣḁḐᶍ ᶱ ᶆᵬᶝᵺ

ᶲᴳ ᶊᴲḣḁḐᶷ᷄ḃ᷊ᴻᵫ ᵶᴲᵼᶍḏᴻḇᶱ סּ ᶉ ᶊ┐ ᵶᶅ

ᵣᶪ ᶎᴲḏḘᶹḁ ᶆḘḋḝᶶᴻᶱ ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳ╗ ᶉḙḇᴻ

ḻᶎᴲḣḁḐᶷ᷄ḃ᷊ᴻᵫ ᶊᶉᶂᵾᶨḏᴻḇᶱ ᵸᶪᵾᶠᴲ ᶍ C++ ḁנּ

᷈ᴻḟ ᶊḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᵲᶇᶆᵸᴳᵲᶫᶎḣḁḐ ᶍᶡᵥ╗ᶃᶍ

ᶍ ᶆᵸ  G

 

SYCL ᶍ ᶍᶿḞḀᶼ᷄Ḑᶎᴲ ᵴᶫᶪᶇ ᶉ ᶱ ᵣᴲᵼᶫᶨᶍḏ

ḁḐḱ᷄ḇᴻᵫ ᶒ ᵴᶫᶝᵸᴳᵲᵲᶆᶎᴲḣḁḐᶷ᷄ḃ᷊ᴻᵫᴲḏᴻḇᵫ ᵴᶫ

ᶪᶝᶆḣḁḐ ᶊḏᴻḇᶱ ᵸ ᶞᶊᶃᵣᶅ ᵶᶝᵶᵾᴳᶝᵾᴲḘḋḝᶶᴻᶣ

ᶹḩᴻḀᶎ ᵴᶫᵾᶩƎḁ᷈ᴻḟᵪᶨ ᶫᶪᶇ ᶉ ᶱᵶᶝᵸᴳḘḋḝᶶᴻ

ᵫ ᵴᶫᶪᶇᴲᵼᶍḘḋḝᶶᴻᶱ ᵸᶪᵸᶘᶅᶍ᷈Ḧḻḑ᷅ḳᴻḟᶍ

ᶱ ᵶᶝᵸᴳ᷀ᴻḕḳᶣḩḪḲᴻ ᶆḘḋḝᶶᴻᵫ ᵴᶫᶉᵮᶉᶪᶇᴲḱ

ḻḇᶹḨᶎḏᴻḇᶱḣḁḐᶊ ᵬ ᵸᵲᶇᵫᵡᶩᶝᵸᴳᵲᶍᶧᵥᶉ᷈Ḝᴻᵫ ᶮᶫ

ᶪᶍᶎᴲḘḋḝᶶᴻᵫḣḁḐḥᶹḻḇᴻᶆ ᵴᶫᶅᵣᶪטּ ᶇᴲ

set_final_data  ḩḅḋḑᶊḣḁḐḥᶹḻḇᴻᵫ ᵴᶫᶅᵣᶪ ᶆᵸᴳᵼᶍ

ḱḻḇᶹḨᶎᴲᵼᶍḘḋḝᶶᴻᶍḏᴻḇᶱ ᵬ ᵶᶅᴲᶿḞḀᶼ᷄Ḑᵫ ᵴᶫᶪ

ᶊḣḁḐḥᶹḻḇᴻᶱ ᵶᶝᵸᴳ 

 

ḣḁḐᶇ ᵸᶪ ᶍᶿḟ᷿ḯḻᶊᶎ  Ǝ7 ᶆ ᵶᵾ ᵶᵣ ᵫᵡᶩ

ᶝᵸᴳḘḋḝᶶᴻᴴᶿḞḀᶼ᷄Ḑᶍ᷈ḻḁḐḱ᷄ḇᴻᶎᶿḟ᷿ḯḻᶆḟḵḙḎᶸᴻᴴḲ

ḁḐᶱ ᵰ ᶪᵲᶇᶱ ᵣ ᵶᶅᵮᵿᵴᵣᴳḘḋḝᶶᴻᶱ ᵸᶪᶇᵬᶊ ᵸᵲᶇ

ᵫᶆᵬᶪ ᶉḟḵḙḎᶸᴻᶍ 1 ᶃᶎ use_mutex  ᶆᵸᴳᵲᶍ ᶆḘḋḝᶶᴻ

ᶱ ᵸᶪᶇᴲḘḋḝᶶᴻᵫ ᵸᶪḩḪḲᴻᶱḣḁḐᴴᶷḟḲ᷆ᴻ᷿ḯḻᶇ ᶆ

ᵬᶪᶇᵣᵥ ᵫ ᵴᶫᶝᵸנּ  GᵲᶍḩḪḲᴻᶗᶍᶷ᷄ḃḁᶎᴲḘḋḝᶶᴻᶍ

ᶊטּ ᵴᶫᶪḧḭᴻḎḋ᷄ḁᶊᶧᶂᶅ ᵴᶫᶝᵸᴳḘḋḝᶶᴻᶇ ᵴᶫᶅᵣ

ᶪḩḪḲᴻᶊ↨ ᶊᶷ᷄ḃḁᶆᵬᶪ ᴲḣḁḐᶎḧḭᴻḎḋ᷄ḁᶍḵḋ᷄ᶱ



 

 

 

 

ᶆᵬᶝᵸᴳḵḋ᷄ᶱ ᶆᵬᶉᵣ ᴲḮᴻ᷾ᴻᶎḩḪḲᴻ┌ ᶱ᷂ḭᴻᶊ

ᵶᶅᴲḏᴻḇᶱḣḁḐᶇ ᵴᵺᶪ ᵫᵡᶩᶝᵸᴳ ᵲᶍ ᶎ ᶊ

ᶆᵡᶩᴲᶚᶇᶲᶈᶍ DPC++ ᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎ ᶨᶫᶝᵺᶲᴳ 

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲ᷅ḱḝᶊᶃᵣᶅᴲᶝᵾ SYCL ᶆ᷅ḱḝᵫᶈᶍᶧᵥᶊ ᴲḁ᷆Ḁḭᴻ

ḳᴲ ᵴᶫᶪᵪᶊᶃᵣᶅ ᶒᶝᵶᵾᴳ᷈Ḧḻḑ᷅ḳᴻḟᶇᶎּךᵪᴲᶝᵾᶈᶍᶧᵥ

ᶉ ᶱ ᶃᵪ ᵶᵮ ᵶᶝᵶᵾᴳ᷈Ḧḻḑ᷅ḳᴻḟ ᶊ ᵸᶪּס ᶍᵡ

ᶪ 3 ᶃᶍ  (∟ ᴲᶷ᷿᷄ḯḻᴲᵩᶧᶒᵼᶍ ᶍḣḁḐ᷈ᴻḑ) ᶊᶃᵣᶅ

ᵶᶝᵶᵾᴳᶹḡḻḐᶱ ᵸᶪḇḁ᷄ ᶍ∟ ᶇᴲᶷ᷄ḃ᷊ᴻᶊᶧᶂᶅ

ᵴᶫᵾḏᴻḇ∟ ᶱ ᵸᶪ ᶱ ᵶᶝᵶᵾᴳ᷈Ḧḻḑ᷅ḳᴻḟ ᶍ

╗ᶍᶷ᷿᷄ḯḻᶎ᷀ᴻḕḳᶝᵾᶎ ᶉḩḪḲᴻ ᶍᵣᵹᶫᵪᶆᵡᶪᵲᶇᶱ

ᶒᴲ ᶊᴲ╗ ᶉ ᷅ḱḝḙḇᴻḻᶱ ᵸᶪ ᶱ ᵸᵣᵮᶃᵪᶍ ᶱ

ᶅᵬᶝᵶᵾ  G 

ᶊᴲḏᴻḇᶍ┌ ᵫ SYCL ᷅ḱḝᶍ ᶉ ᶆᵡᶪ ᶱ ᵶᴲᵼᶫᵫ᷅

ḱḝᶊ ᶝᵾᶎ∆ ᶊᶈᶍᶧᵥᶊ ᶫᶪᵪᶱ ᶒᶝᵶᵾᴳ ᶊᴲ᷅ḱḝ

ᶍ ᶱḣḁḐᶇ ᵸᶪᵸᶘᶅᶍ ᶱ ᵶᶝᵶᵾᴳ 

 

ḟḵ᷅ḱḨḝḵᴻᶱ ᵸᶪᵲᶇᶆᴲḏḘḋ᷅ᵸᶘᵬ ᶽḱᴻᵫᵡᶪ

ᶊ ᶆᵬᶪḏḘḋ᷅ ᶱ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸ  G13 ᶍ ḱPḻḇᶹḨ

ᶍḏḘḋ᷅R  ḃ᷿᷄ḯḻᶊᶎᴲ ᶍᵲᵲᶝᶆᶊ ᵾ ᶱᶡᵥ ᵶ ᵶ⌐

ᵮᵶᵾ ᵫᵡᶩᶝᵸ Gᵾᵿᵶᴲ ᶆᶎᴲᵲᶫᶨᶍ ᶉ᷈ḻḙᶹḱᴻᴴḈḻḟᶊᶃ

ᵣᶅ ᵶᵮ ᵶᶝᵺᶲ G

 

ᵲᶍ ᶱ ᶲᶆᴲ ḉᶼᴻḻᵪᶨᴲ ᶍḖᴻḑᶇ ᶉḏᴻḇᵩᶧᶒḇḁ᷄

ᶍ∟ ᶱ ᶃ ᶉ᷅ḱḝᶝᶆᴲ ᶉ᷅ḱḝᶱ ᶆᵬᶪ᷅ḱḝᶍ קּ

ᶊᶉᶂᵾᶧᵥᶉ ᶊᶉᶂᶅᵣᵾᵿᵰᶫᶏ ᵣᶆᵸᴳ ᶍ ᶆᶎᴲ ᶍḏḘᶹ

ḁ ᶆᶍᶷḟḲ᷆ᴻ᷿ḯḻᶍḙḝᶾᴻḦḻḁ ᶊ ᶃ Ḵḡḳᶍ ᶊᶃᵣ

ᶅ ᵶᵮ ᵶᶅᵣᵬᶝᵸ G

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ
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ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

  



 

 

 

 

 9  ᶇ   
 

 

 4 ᶆᶎᴲ ᶉḏᴻḇ ᷀ᴻḕḳᴲᶝᵾᶎ ᶉ ND - range ᷀ᴻḕ

ḳᶱ ᵶᶅ ᶱ ᵸᶪ ᶱ ᵶᴲ ᶉḏᴻḇ ᷀ᴻḕḳᵫᴲ

ᵷ ᶱᵸᶘᶅᶍḏᴻḇᶊ ᵶᶅ ᵸᶪ ᶞᶊᶃᵣᶅ ᵶᶝᵶᵾᴳᶝ

ᵾᴲ ᶉ ND -range ᷀ᴻḕḳᵫ ∫ᶱḷᴻ᷄ ᶍḷᴻ᷄᷅ḳᴻḟᶊ

ᵸᶪ ᶊᶃᵣᶅᶡ ᶫᶝᵶᵾ  G

 

ᵲᶍ ᶆᶎ TƎhink Parallel ( ᶊ ᵧ )ᶅ ᶗᶍ ᶉ ᶍ ᶆᴲ

ᶱᶈᶍᶧᵥᶊ ᵴᶉ᷊ᶹḂᶍḉḫḻ᷄ᶊ ᵸᶪᵪᶇᵣᵥ ᶊ ᶒ ᶩ ᶞᶝ

ᵸᴳᶝᵾᴲ ᶉ ND - range ᷀ᴻḕḳᶊᶃᵣᶅ ᵶᵮ ᵶᴲḷᴻ᷄ ᶍ᷅

ḳᴻḟּטᶊᶧᶩ╗ ᶍḇᶹḟᶍᶷḳ᷉ḲḂḨᶍḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪ

ᶊᶃᵣᶅ ᵶᶝᵸᴳḷᴻ᷄ ᶍ᷅ḳᴻḟᵫᴲ ḷᴻ᷄ᶍ ᶊᶈᶍᶧᵥᶊ

ᶍנּ ᶱ ᵸᶪᵪ ᵶᴲḷᴻ᷄ ᶍ᷅ḳᴻḟּטᶱ᷊ḥᴻḐᵸᶪ

ᶱ ᵶᶝᵸ  Gᵲᶫᶨᶍᶷᶹḏᶷᶣ ᶍ ᵮᶎ  Ǝ15 ᴲ  16 ᴲᵩᶧᶒ  

17 ᶆ ᶍḏḘᶹḁ ᵰᶊḟḵ᷅ḱḨᶱ ᵸᶪᶇᵬᶊטּ ᶇᶉᶩ  Ǝ14 

ᶆ╗ ᶉ ḙḇᴻḻᶱ ᵸᶪᶇᵬᶊᶡ ᶊᶉᶩᶝᵸᴳ 

 

 

ḷᴻ᷄᷅ḳᴻḟᶇḷᴻ᷄  
 

 4 ᶆᴲ ᶉ ND - range ᷀ᴻḕḳᵫḷᴻ᷄ ᶱḷᴻ᷄᷅ḳᴻḟᶊ

ᵶᴲ ᵷḷᴻ᷄᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶊᶎᴲ ᶍḁ᷆Ḁḭᴻḳנּ

ᵫᵡᶪᵲᶇᶱ ᵣ ᵶᶅᵮᵿᵴᵣ G 
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ᵲᶍ ᶎᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᵫ ᵶᶅ ᶱ ᶆᵬᶪᵲᶇᶱ

≥ ᵸᶪᵾᶠ ᶆᵸ  G

 

 9 - 1 ᶎᴲḷᴻ᷄᷅ḳᴻḟᶊ ᵴᶫᵾ ND - range ᶱ ᵶᶅᵣᶝᵸᴳ ḷᴻ

᷄᷅ḳᴻḟᶎ│ᶉᶪ ᶆ ᵴᶫᶝᵸᴳḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎᴲ ᵷ

ᶱ ᵸᶪ ᶍḷᴻ᷄ ᶇ↨ ᶊ ᶆᵬᶝᵸ G

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 9 - 1.  ᷊ᶹḂ (8, 8) ᶍ 2  ND - range ᶱ᷊ᶹḂ (4, 4) ᶍ 4 ᶃᶍḷᴻ᷄᷅ḳᴻḟ

ᶊ  

 

│ᶉᶪḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᵫ ᶊ ᵴᶫᶪ ᶎᶉᵣᵾᶠᴲᵡ

ᶪ ᶍḷᴻ᷄ ᶎ│ᶉᶪ ᶍḷᴻ᷄ ᶇ ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳᵡᶪḷ

ᴻ᷄ ᵫ ᵴᶫᶅᵣᶉᵣ ᶍḷᴻ᷄ ᶇ ᵶᶧᵥᶇᵸᶪᶇᴲ᷀ᴻḕ

ḳᵫḏḋḑḵḋ᷄ᵸᶪּס ᵫᵡᶩᶝᵸᴳ᷀ᴻḕḳᶍ ᶱ ᵴᵺᶪᶊᶎᴲ1 ᶃ

ᶍḷᴻ᷄ ᵫ ᶍḷᴻ᷄ ᶇ ᵸᶪᶇᵬᶊᴲᵼᶫᶨᵫ ᵷḷᴻ᷄᷅ḳᴻḟ

ᶊᵡᶪᵲᶇᶱ ᵸᶪ ᵫᵡᶩᶝᵸ G
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ᶉ ᶍᵾᶠᶍ  
 

ᵲᶍḃ᷿᷄ḯḻᶆᶎᴲ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶉ ᶱ᷊ḥᴻḐᵸᶪ

ᶊᶃᵣᶅ ᵶᶝᵸᴳᵣᵮᶃᵪᶎ᷀ḁḇḨᴴᶷḳ᷉ḲḂḨᶍ ᶱּס ᶊᵸ

ᶪ ᶉ ᶆᵸᵫᴲᵼᶍ ᶎᶧᶩ Ḵḡḳᶆᴲ ᵮᶍ᷀ᴻḕḳᶆ ᵴᶫ

ᶪ ᶍ ᶱ ᵶᶝᵸ  G

 

ᶇḘḲ  ʊ

 

ᶍ ᶡ ᶉ ᶎḘḲᶷ ᶆᵸᴳḘḲᶷ ᶊᶎ ᶊ 2 ᶃᶍ

ᵫᵡᶩᶝ :н 

 

ᶝᵹᴲḘḲᶷ ᶎ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶱ ᵶᶝᵸᴳ ᶱ ᵸ

ᶪᵲᶇᶊᶧᶩ 1Ǝ ᶃᶍḷᴻ᷄ ᶎᴲᵼᶍ ᶍ ᶱוֹ ᵸᶪ ᶊᴲ ᵷ᷅ḳᴻ

ḟ ᶍ ᶍḷᴻ᷄ ᵫ ᶱ ᵶᶅᵣᶪᵲᶇᶱ ᶆᵬᶝᵸ Gᵡᶪᵣᶎᴲ

ᶍḷᴻ᷄ ᵫ ᶍ ᶱוֹ ᵸᶪ ᶊ 1Ǝ ᶃᶍḷᴻ᷄ ᶊᵼᶍ ᶱ

ᵸᶪ ᵫ ᵧᶨᶫᶝᵸ  G

 

2 ᶊᴲḘḲᶷ ᶎ ḷᴻ᷄ ᵫḩḪḲᴻ ᶍ ᶱ ᵶᶝᵸᴳᵲᶍ

ḇᶹḟᶍ ᶎḩƎḪḲᴻᶍ╗ ᶍ ᶝᵾᶎḩḪḲᴻᶍḝᶼḻḁᶇᵶᶅ

ᶨᶫᶅᵣᶝ  н( ᶎ  19 ᶱ )  GḩḪḲᴻᶍ╗ ᶎᴲḘḲᶷᶍ ᶊ

ᵴᶫᵾḩḪḲᴻ ᶍ ᵫᴲḘḲᶷᶍוֹ ᶍᵼᶍ ᶍḷᴻ᷄ ᶊ סּ ᶇᶉᶪ

ᵲᶇᶱ ᵸᶪᵾᶠᴲ ᶍ ᶇ ᵷᵮᶨᵣ ᶆᵸᴳḩḪḲᴻᶍ╗ ᵫᶉᵣ

ᶇ 1Ǝ ᶃᶍḷᴻ᷄ ᶍ ᶎ ᶍ ᶆ ᵫ ᶫᶪᶧᵥᶉᶡᶍᶆᴲᵼᶍּוᵫ ᶍḷ

ᴻ᷄ ᶊ ᵮ ᶇ ᵪᶉᵣ ᵫᵡᶩᶝᵸ G

 

 9 - 2  ᶎᴲḘḲᶷ ᶆ ᵸᶪ᷅ḳᴻḟ ᶍ 4 ᶃᶍḷᴻ᷄ ᶱ ᵶᶅᵣ

ᶝᵸᴳ ḷᴻ᷄ ᶍ ᶎ│ᶉᶪ ᵫᵡᶩᶝᵸᵫᴲᵸᶘᶅᶍḷᴻ᷄ ᵫ

ḘḲᶷᶱ ᵸᶪᶝᶆᴲᶈᶍḷᴻ᷄ ᶡḘḲᶷᶱ ᵧᶅ ᵸᶪᵲᶇᶎᶆᵬᶝᵺ

ᶲᴳḘḲᶷ ᶱ ᵸᶪᶇᴲᵸᶘᶅᶍḷᴻ᷄ ᶎḩḪḲᴻᶱ╗ ᵶᶅ ᶆᵬ

ᶝᵸ  G
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 9 - 2.  ḘḲᶷ ᶆ ᵸᶪ᷅ḳᴻḟ ᶍ 4 ᶃᶍḷᴻ᷄  

 

 

ḩḪḲᴻᵫḏḝᶾḳḐᶆ╗ ᵶᶅᵣᶉᵣᶍᶎᶉᵻ  χ

 

ᵮᶍḟḵ᷅ḱḦᴻᶊᶇᶂᶅᴲḩḪḲᴻᶍ╗ ᶇᵣᵥ ᵧ ᴲᵼᵶᶅ│ᶉ

ᶪḷᴻ᷄ ᵫḩḪḲᴻᶊ ᵶᶅ│ᶉᶪḛḭᴻᶱ ᶃᶇᵣᵥ ᵧ ᶎᴲ

ᶊ ᶊ ᵷᶨᶫᶪᵪᶡᵶᶫᶝᵺᶲᴳᵸᶘᶅᶍḩḪḲᴻᵫḏḝᶾḳḐᶆ

ᵸᶘᶅᶍḷᴻ᷄ ᶊ ᵶᶅ╗ ᶱ ᶂᵾᶨᵴᶨᶊ ᶆᶎᶉᵣᶆᵶ

ᶦᵥ ?χ ᶊ ᵧᶏᵼᵥᶆᵸᵫᴲ ᶊᶎ ᶊ᷈ḁḐᵫᵪᵪᶩᶝᵸᴳ

ḷᴻ᷄ ᶊḩḪḲᴻᶍ ᶉḛḭᴻᶱ ᵶᴲḟḵ᷅ḱḨסּ ᶍ

ᵴᶫᵾ∞ ᶆᶍᶞḩḪḲᴻᶍ ᶱ ᵸᶪᵲᶇᶆᴲᶷ᷄ḃḱḴᴻḇ

ᴻᴴḗᴻḑᶻᶼᶷᶎᶧᶩ↨ּלᶊᶉᶩᴲḙḝᶾᴻḦḻḁᵫ ᵸᶪᵪᴲᶝᵾᶎ

ᵼᶍ ᶊᶉᶪּס ᵫᵡᶩᶝᵸ  G
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ḘḲᶷ ᶎ ᶱ ᵸᶪᵾᶠᴲ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᵫḘḲᶷ

ᶱ ᵸᶪᵪᴲ᷅ḳᴻḟ ᶍᶈᶍḷᴻ᷄ ᶡḘḲᶷᶱ ᵶᶉᵣᵪᵫ ᶆᵸᴳ

᷅ḳᴻḟ ᶍ╗ ᶍḷᴻ᷄ ᵫḘḲᶷ ᶍ ᶆ ᵸᶪ ᴲ᷅ḳᴻḟ

ᶍ ᶍḷᴻ᷄ ᶎḘḲᶷᶆ♂ ᶊ ᵸᶪּס ᵫᵡᶩᶝ  н( ᶉᵮᶇᶡḮᴻ

᷾ᴻᵫ ᶠᶅḟḵ᷅ḱḨᶱ ᵸᶪᶝᶆ)  G

 

 

 

ᵡᶪ ᵫ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶆ ᵴᶫᶪ ᴲᵼᶍ ᶎ

᷅ḳᴻḟ ᶍ ·ᶍḷᴻ᷄ ᶆᶎᶉᵮ᷅ḳᴻḟᶊᶧᶂᶅ ᵴᶫᶪᵾᶠᴲ

ᶇ ᶏᶫᶪᵲᶇᵫᵡᶩᶝᵸᴳḘḲᶷ ᶎ SYCL ᶆ ᶆᵬᶪ

╗ᶍ ᶆᶎᵡᶩᶝᵺᶲᴳ ᶍ ᶊᶃᵣᶅᶎᵲᶍ ᶍ ᶆ

ᵶᶝᵸ  G

 

 

ḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻ 

 

ḷᴻ᷄᷅ḳᴻḟᶍḘḲᶷ ᶎᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶱ

ᵸᶪᶍᶊ ᶆᵸᵫᴲ ᶎḩḪḲᴻᶱ ᵶᶅ ᶮᶫᶝᵸᴳ ᶎ USM ᶝ

ᵾᶎḘḋḝᶶᴻᶱ ᵶᶅ ᶮᶫᶪ ᶡᵡᶩᶝᵸᵫᴲᵲᶫᶎ ᶆ ᶆᵸᴳ

ᶊᶎ ᶍ ᶩ ᶅᵫ ᶆᵡᶩᴲᵼᶍ ᶩ ᶅᶱḷᴻ᷄᷅ḳᴻḟ ᶆ ᵸ

ᶪ ᵫᵡᶩᶝᵸ  G 

 

᷀ᴻḕḳ ᶱ ᵶᴲḷᴻ᷄᷅ḳᴻḟטּ ᶍḷᴻ᷄ ᶍ ᶱ ᵸטּ

ᶪᵾᶠ SƎYCL ᶎḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶍ ᶉḵᴻ᷀ḳ

ḩḪḲᴻ ᶱ ᵶᶝᵸ  G

 

 

 

 

 



 

 

226  

 

 

 9 -3  ᶊᶎ 2Ǝ ᶃᶍḷᴻ᷄᷅ḳᴻḟᵫ ᵴᶫᶅᵣᶝᵸᴳ ᶍḷᴻ᷄᷅ḳᴻḟ

ᶎᴲ᷅ ḵᴻḘḳḩḪḲᴻ ᶍ USM ᶇḘḋḝᶶᴻᶊᶷ᷄ḃḁᶆᵬᶝᵸ ḷGᴻ

᷄᷅ḳᴻḟᶎ ᶍḵᴻ᷀ḳḩḪḲᴻ ᶍ ᶊᶷ᷄ḃḁᶆᵬᶝᵸᵫᴲ ᶍ

ḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻ ᶍ ᶊᶎᶷ᷄ḃḁᶆᵬᶝᵺᶲᴳ 

 

 

 

 

 

 

 

 

 

 

 
 9 - 3.  ḷᴻ᷄᷅ḳᴻḟᶎᵸᶘᶅᶍ᷅ḵᴻḘḳḩḪḲᴻᶇ ᶍḵᴻ᷀ḳḩḪḲᴻᶊᶷ᷄ḃ

ḁּס  

 

ḷᴻ᷄᷅ḳᴻḟᵫ ᵸᶪᶇᴲᵼᶍḵᴻ᷀ḳḩḪḲᴻᶍ ᶎ ᵴᶫᶅᵩטּ

ᶨᵹᴲḷᴻ᷄᷅ḳᴻḟᶍ ᵫ ᵶᵾ ᶎƎḵᴻ᷀ḳḩḪḲᴻᶎ ᵴᶫᶝᵺᶲᴳ

ᵲᶫᶨᶍ ᶊᶧᶩᴲḵᴻ᷀ḳḩḪḲᴻᶎᴲḷᴻ᷄᷅ḳᴻḟᶍ ᶊ╗ ᶉḁ

ḐḴᴻḀᶇᵶᶅᶍᶞ ᵶᶝᵸᴳ 

 

CPU ḏḘᶹḁᶉᶈ╗ ᶍḏḘᶹḁᶆᶎᴲḵᴻ᷀ḳḩḪḲᴻᶎḅḝḐᶻᶼᶷᶊᶧ

ᶪ ᶆᵡᶩᴲ᷅ḵᴻḘḳḩḪḲᴻᶇטּ ᵷḩḪḲᴻᴴ᷊Ḟ᷿ḁḎḨᶱ ᵶᶅ

ᵴᶫᶝᵸ  GᵲᶫᶨᶍḏḘᶹḁᶆᶎᴲḵᴻ᷀ḳḩḪḲᴻᶎ ᶊ ᶍ ᶱ

ᶠᶪᵾᶠᶍḩ᷀ḓḂḨᶆ ᵴᶫᶝᵸᴳ╗ ᶍ᷈ḻḙᶹḱᴻᶎᴲ᷈ḻḙᶹḱᴻᶍ

ᶊḩḪḲᴻטּ ᶱ ᵸᶪᵲᶇᵫᵡᶩᶝᵸᵫᴲᵼᶫ∙ ᶎᴲ ᶊḵᴻ᷀

ḳḩḪḲᴻᶱ ᵸᶪᶇᴲᵲᶫᶨᶍḏḘᶹḁ ᶍ᷅ḵᴻḘḳḩḪḲᴻᶱ ᵶᵾ

ᶧᶩᶡḙḝᶾᴻḦḻḁᶎ  ᵶᶝᵸᴳזּ

 

ᵮᶍ GPU ᶉᶈᶍḏḘᶹḁᶆᶎᴲḵᴻ᷀ḳḩḪḲᴻ ᶍḲḅᴻḁᵫᵡᶩᶝᵸᴳ

ᵲᶫᶨᶍḏḘᶹḁᶆᶎᴲḵᴻ᷀ḳḩḪḲᴻᶱ ᵶᵾ ᶍ ᵫᴲ᷅ḵᴻḘḳḩḪḲ

ᴻ ᶧᶩᶡḙḝᶾᴻḦḻḁᵫ ᵶᶝᵸᴳ 
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ḵᴻ᷀ḳḩḪḲᴻᶱ ᵸᶪᶇᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᵫᶧᶩ

ᵪᶃ ᶊᶉᶩᶝᵸ  G

ḏḘᶹḁ᷄ᶽḲ  ᴻinfo::device::local_mem_type  ᶱ ᵸᶪᶇᴲᶷ᷄ḃ

ḱḴᴻḇᴻᶊḵᴻ᷀ḳḩḪḲᴻ ᶍḲḅᴻḁᵫᵡᶪᵪᶈᵥᵪᴲᶝᵾᶎḵᴻ᷀ḳḩ

ḪḲᴻᵫ᷅ḵᴻḘḳḩḪḲᴻᶍḅḝḐᶻᶼᶷ ᶇᵶᶅטּ ᵴᶫᶅᵣᶪᵪ ᶆ

ᵬᶝᵸᴳḏḘᶹḁᶍḟḵḙḎᶸᴻ ᶍ ᶊᶃᵣᶅᶎ 12 ᶱ ᵶᶅᵮᵿ

ᵴᵣ CGPU GƎPU FƎPGA ᶍḵᴻ᷀ḳḩḪḲᴻᶍ╗ ᶉ ᶍ ᶎ  

15 ᴲ  16 ᴲᵩᶧᶒ  17 ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

 

ḷᴻ᷄᷅ḳᴻḟᴴḘḲᶷᶇḵᴻ᷀ḳḩḪḲᴻᶍ  
 

ḷᴻ᷄ ᶍ ᶉ ᶍ ᶉ ᶱ ᵶᵾᶍᶆᴲ᷀ᴻḕḳ ᶆ

ḷᴻ᷄᷅ḳᴻḟᴴḘḲᶷᶇḵᴻ᷀ḳḩḪḲᴻᶱ ᵸᶪ ᶱ ᶆᵬᶝᵸᴳḷᴻ

᷄ ᶍ ᶊᶎḷᴻ᷄ ᶍ᷅ḳᴻḟּטᶍ ᵫ ᶆᵡᶪᵾᶠᴲᵲᶫᶨᶍ

ᶎ Nd - range  ᷀ᴻḕḳᶊ ᵶᶅᶍᶞ ᶆᵬᴲ ᶉḏᴻḇ ᷀ᴻḕ

ḳᶍ Ḫḏḳᶊᶎ ᶝᶫᶅᵣᶉᵣᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣ G

 

ᵲᶍ ᶆᶎᴲ  4 ᶆ ᵶᵾ ᶉ ᷀ᴻḕḳᶍ ᶱ ᶊᴲ

ᶱ ᵸᶪḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶱ ᵶᶝᵸᴳ ᵮᶍḏḘᶹ

ḁ ( ᵹᵶᶡᵸᶘᶅᶆᶎᵡᶩᶝᵺ )ɸ ᶆᶎᴲḵᴻ᷀ḳḩḪḲᴻᶱ ᵶᶅ ᵸᶪᶇᴲ

᷀ᴻḕḳᶍḙḝᶾᴻḦḻḁᵫ ᵶᶝᵸᴳ 
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ᶊ ᵸᶪ ≥  

 

ᶆᶎᴲ ᷀ᴻḕḳᶱ ᵶᶅᴲ᷀ᴻḕḳᶍ ᵫḙḝᶾᴻḦḻḁᶊ

ᶈᶍᶧᵥᶊ☼ ᵸᶪᵪ ᵶᶝᵸᴳᵲᶍ ᶆ ᵸᶪ ᶱ ᵸᶪᶇᴲ ᵮ

ᶍḏḘᶹḁᶆ ᶍḙḝᶾᴻḦḻḁᵫ ᵸᶪּס ᵫᵡᶩᶝᵸᵫᴲ

ᶎ ᶊ ᵪᶃ╗ ᶉ ᶆᵡᶪᵾᶠᴲ ᵮᶍḡḻḈᴻᵫ ᶊ

ᵴᶫᵾḘᴻḀḯḻᶍ ᶱ ᵶᶅᵣᶝᵸᴳḡḻḈᴻᶎᴲ ᶍḏ

Ḙᶹḁᶍ ᶍ ᶇ ᶊ ᵮᶍ ᶇ ᶱ ᶣᵶᶅᵩᶩᴲ ᶊᶧᶂ

ᶅᶎᴲ ᶉ ᷀ᴻḕḳᶆᶎ ᶝᵾᶎ סּ ᶉ ᶣ ᶱ ᵸᶪ

ᵲᶇᶡᵡᶩᶝᵸ  G

 

 

 

ḡḻḈᴻ ᶍḱᶹḞḱḲᴻᶱ  

 

ḡḻḈᴻᵫ ᶍḱᶹḞḱḲᴻ ᶱ ᵸᶪ ᴲᵼᶍ ᶱ ᷀ᴻḕ

ḳᶇᵶᶅ ᵸᶪᶧᶩᶡᴲḱᶹḞḱḲᴻᶱ ᵸᶪ ᵫᶚᶇᶲᶈᶍ

ᶆᵸᴳ ᶊᶃᵣᶅᶎSƎYCL ḟḵ᷅ḱḦᴻᶊᶧ  ᶅC++ ᶊ ᵶᵾḅ

Ḳḭᴻ᷿ḯḻᶇᵶᶅᴲᶹḻḎḳᶍḌᴻḳ᷂ḋḐᶍ╗ ᶇᵶᶅ oneMKL ᶱ

ᶆᵬᶝᵸ  G

 

 

 9 -4  ᶎᴲ  4 ᶍ ᷀ᴻḕḳᶊ ᵾᴲ ᶉ ᷀ᴻḕḳᶱ

ᵶᶅᵣᶝᵸ  G ᵲᶍ᷀ᴻḕḳᴲᵩᶧᶒᵲᶍ ᶍᵸᶘᶅᶍ ᷀ᴻḕḳᶆᶎᴲT 

ᶎ 3Ǝ2 ḛḋḐᶍ float  ᶣ 64 ḛḋḐᶍ double  ᶉᶈᴲ ᶊ ᵴᶫᶪḏᴻḇ

ᶱ ᵸḎḻḟḴᴻḐ ᶆᵸ G
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h. parallel_for ( range {M, N}, [=]( id <2> id ) {  

 int  m = id [ 0];  

 int  n = id [ 1];  

 

 // ḎḻḟḴᴻḐ  T ᶎ ᶊ ᵴᶫ  ᶅ

 // ḏᴻḇᶍ  

 T sum = 0;  

 for  ( int  k = 0; k < K; k++) {  

 sum += matrixA [m][k] * matrixB [k][n];  

   }  

  

 matrixC [m][n] = sum;  

});  

 
 9 - 4.   4 ᶍ ᶉ ᷀ᴻḕḳ 

 

 4 ᶆᶎᴲ ᶷḳ᷉ḲḂḨᶍ ᵫ ᵮᴲḷᴻ᷄ ᶱ᷅ḳᴻḟ

ᵸᶪᶇᶷ᷄ḃḁᶍטּ ᵫ ᶝᶪᵲᶇᶆᴲ᷂ḫḋ᷿ḭᶍḚḋḐ ᶡ ᵸᶪּס

ᵫᵡᶪᵲᶇᶱ ᵶᶝᵶᵾᴳᵲᶍ ᶆᶎᴲḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪᵾᶠ∆

ᶊ᷂ḫḋ᷿ḭᶍ ᶊ ᶪᶍᶆᶎᶉᵮᴲ ᵴᶫᵾ ᷀ᴻḕḳᶎᴲᶷ᷄ḃ

ḁᶍ ᶱ ᶠᶪᵾᶠḵᴻ᷀ḳḩḪḲᴻᶱ ᶉ᷂ḫḋ᷿ḭᶇᵶᶅ ᵶᶝᵸ  G

ᵮᶍᶷḳ᷉ḲḂḨᶆᶎᴲḵᴻ᷀ḳḩḪḲᴻᶱ ᶉ᷂ḫḋ᷿ḭᶇᵶᶅ ᵧᶪᶇ

ᶆᵸ  G

 9 - 5  ᶎᴲ  4 ᶱ ᵶᵾ ᶆᴲ ╗ ᶆ ᵴᶫᶪḷᴻ᷄᷅ḳᴻḟᶱ

ᵶᶅᵩᶩᴲḵᴻ᷀ḳḩḪḲᴻᶱ ᵸᶪᶷḳ᷉ḲḂḨᶱ ᵪᶩ⌐ᵮᵶᶅᵣᶝᵸᴳ וֹ

ᶍ ᶍ ᶊᶃᵣᶅᶎᴲ ᶍוֹ ᵫᴲ ᶇᶿḴḻḀᶆ ᵴᶫᶪ

ᶍᵣᵹᶫᵪᵪᶨᶍ╗≥ᶍḏᴻḇ ᶱ ᵶᶅ ᵴᶫᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴ

ᵣᴳᵲᶍ ᶊᶎḏᴻḇ ᵫᶉᵣᵾᶠᴲḵᴻ᷀ḳḩḪḲᴻᶎ ᶆᶎᵡᶩᶝ

ᵺᶲᴳᵾᵿᵶᴲ ᶍᵸᶘᶅᶍ וֹ ᵫᴲ ᶆ ᵴᶫᶅᵣᶪ ᶍ

ᶍ ᵷḏᴻḇᶊᶷ᷄ḃḁᵶᶅᵣᶪᵲᶇᶊ ᵶᶅᵮᵿᵴᵣᴳᵲᶍḏᴻḇᶎ

ᵴᶫᶪᵾᶠᴲḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻᶱ ᵸᶪᶍᶊ ᶆᵸᴳ 
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 9 - 5.  ᶱḷᴻ᷄᷅ḳᴻḟᶇḷᴻ᷄ ᶊḦḋḜḻ ᷅

 

ᶊ ᶊ ᵬᶉ ᶱ ᵸᶪᴲᶝᵾḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲ

ᴻᵫ ᶨᶫᵾḲḅᴻḁᶆᵡᶪᵾᶠᴲ ᵴᶫᵾ᷀ᴻḕḳᶎ ᶍ᷊Ḟḃ᷿᷄ḯḻ 

( ḇᶹḳᶇ ᶕ) ᶱ ᵶᶝᵸᴳ ḇᶹḳᶊᶃᵣᶅᴲ ᵴᶫᵾ᷀ᴻḕḳᶎḇᶹ

ḳᶍḏᴻḇᶱḵᴻ᷀ḳḩḪḲᴻᶊḵᴻḑᵶᴲ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶱ ᵶᶅᵪ

ᶨᴲ᷅ḵᴻḘḳḩḪḲᴻᶆᶎᶉᵮḵᴻ᷀ḳḩḪḲᴻᵪᶨḏᴻḇᶱḵᴻḑᵶᶝᵸᴳ

ᶍḇᶹḳᶆᶷ᷄ḃḁᵴᶫᶪḏᴻḇᶱ 9 -6  ᶊ ᵶᶝᵸ  G

 

 

 

 

 

 

 

 

 
 9 - 6.  ᶍḇᶹḳᶍ : ᶍ ḏᴻḇ (X ᶍ ) ᶎ ᵴᶫᴲḵᴻ᷀ḳḩḪ

Ḳᴻᵪᶨ ᶞ ᶨᶫᴲ ᶇᶿḴḻḀᶍ ḏᴻḇ (X ᶍ█ ) ᶎ᷅ḵᴻḘḳḩḪḲᴻᵪᶨ

ᶞ ᶨᶫᶝ  н
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ᵾᶀᶍ᷀ᴻḕḳᶆᶎᴲḇᶹḳᶍ᷊ᶹḂᵫḷᴻ᷄᷅ḳᴻḟᶍ᷊ᶹḂᶇ ᶊᶉᶪ

ᶧᵥᶊᵶᶝᵶᵾᴳᵲᶫᶎ ᶆᶎᵡᶩᶝᵺᶲᵫᴲḵᴻ᷀ḳḩḪḲᴻᶗᶍ ᶣḵᴻ

᷀ḳḩḪḲᴻᵪᶨᶍ ᵫ ᵴᶫᶪᵾᶠᴲḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᶍטּ ᶇᶉ

ᶪḇᶹḳᶍ᷊ᶹḂᶱ ᵸᶪᶍᵫᴲ╗ ᵪᶃ ᶆᵸᴳ 

 

ND - range ᷀ᴻḕḳᶍḷᴻ᷄᷅ḳᴻḟᴴḘḲᶷᶇḵᴻ᷀ḳḩḪḲᴻ 

 

ᵲᵲᶆᶎ NƎD - range ᷀ᴻḕḳᶆḷᴻ᷄᷅ḳᴻḟᴴḘḲᶷᶇḵᴻ᷀ḳḩḪḲᴻᵫᶈ

ᶍᶧᵥᶊ ᵴᶫᶪᵪ ᵶᶝᵸNGD - range ᷀ᴻḕḳᶍ ᶎ ᶆᵸᴳ᷀

ᴻḕḳᶎᴲḵᴻ᷀ḳᶷḑḴḁ ᶍ ᶩ ᶅᶱ ᵸḵᴻ᷀ḳᶷ᷄ḃ᷊ᴻᶱ ᵶ

ᶅ ᵶᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶱ ᵸᶪᵾᶠḘḲᶷ ᶱ ᶒ ᵶᶝ

ᵸ  G

 

ḵᴻ᷀ḳᶷ᷄ḃ᷊  ᴻ

 

ND - range ᷀ᴻḕḳᶆ ᵸᶪḵᴻ᷀ḳḩḪḲᴻᶱ ᵸᶪᶊᶎᴲḵᴻ᷀ḳᶷ᷄

ḃ᷊ᴻᶱ ᵶᶝᵸᴳ ᶍᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᶇ ᶊᴲḵᴻ᷀ḳᶷ᷄ḃ᷊ᴻ

ᶎ᷈ḦḻḑH᷅ḳᴻḟᴴḗḻḑḱᴻ ᶆ ᵴᶫᶝᵸᵫ  Ǝ3 ᵩᶧᶒ  7 ᶆ

ᵶᵾᶷ᷄ḃ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᶇᶎ│ᶉᶩᴲḵᴻ᷀ḳᶷ᷄ḃ᷊ᴻᶎḘḋḝᶶᴻᴴᶿḞ

Ḁᶼ᷄Ḑᵪᶨᶎ ᵴᶫᶝᵺᶲᴳ ᶮᶩᶊᴲ ᶇ ᶍ ᶍ ᶱ ᵸᶪ ∫ᶱ

ᵶᶅᴲḵᴻ᷀ḳᶷ᷄ḃ᷊ᴻᵫ ᵴᶫᶝᵸᴳ ᶍᶷ᷄ḃ᷊ᴻᶇ ᶊᴲḵᴻ᷀ḳᶷ

᷄ḃ᷊ᴻᶎ 1 2Ǝ ᴲᶝᵾᶎ 3 ᶊᶉᶩᶝᵸᴳ  9 -7  ᶎᴲḵᴻ᷀ḳᶷ᷄

ḃ᷊ᴻᶱ ᵶᴲ᷀ᴻḕḳᶆ ᵸᶪ ᶱ ᵶᶅᵣᶝᵸᴳ 
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// ᶉ᷅ḵᴻḘḳᶷ᷄ḃ᷊  ᴻ

accessor  dataAcc{dataBuf, h};  

 

// 16 ᶍ int ᵪᶨᶉ  ᶅ 1D ḵᴻ᷀ḳᶷ᷄ḃ᷊ :ᴻ  

auto  localIntAcc = local_accessor <int , 1>( 16, h);  

 

// 4 x 4 ᶍ float ᶆ ᵴᶫ  ᶅ  

// 2D ḵᴻ᷀ḳᶷ᷄ḃ᷊ :ᴻ  

auto  localFloatAcc =  

local_accessor <float , 2>({ 4, 4}, h);  

 

h. parallel_for (  

nd_range <1>{{size}, { 16}}, [=]( nd_item <1> item ) {  

  auto  index = item . get_global_id ();  

  auto  local_index = item . get_local_id ();  

 

  // ᷀ᴻḕḳ ᶆᶎᴲ ᶍᶷ᷄ḃ᷊ᴻᶇ ᶊᴲ  

  // ḵᴻ᷀ḳᶷ᷄ḃ᷊ᴻᶍ ᶞ ᶩᶣ ᵬ ᶞᵫּס ᶆᵸᴳ 
  localIntAcc [local_index] = dataAcc [index] + 1;  

  dataAcc [index] = localIntAcc [local_index];  

});  

 
 9 - 7.  ḵᴻ᷀ḳᶷ᷄ḃ᷊ᴻᶍ ᶇ  

 

ḷᴻ᷄᷅ḳᴻḟᵫ ᵸᶪᶇḵᴻ᷀ḳḩḪḲᴻᶎ ᵴᶫᵹᴲטּ ḷᴻ᷄᷅

ḳᴻḟᶍ ᶊᶎ ᵴᶫᶉᵣᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳᶃᶝᶩᴲḵᴻ᷀ḳᶷ᷄

ḃ᷊ᴻᶎ ᶊ read_write  ᶆᵡᶪ ᵫᵡᶩᶝᵸᴳᵼᵥᶆᶉᵣᶇᴲ᷀ᴻḕḳᶎḵ

ᴻ᷀ḳḩḪḲᴻᶍ ᶱ ᶩ ᶅᵾᶩƎ ᶱוֹ ᵸᶪᵲᶇᵫᶆᵬᶉᵮᶉᶩᶝᵸᴳ

ᵾᵿᵶᴲḵᴻ᷀ḳᶷ᷄ḃ᷊ᴻᶎᶿḟ᷿ḯḻᶆᶷḐḧḋ᷄ᶊᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳᵼᶍ

ᴲᶷ᷄ḃ᷊ᴻᶱ ᵶᵾḵᴻ᷀ḳḩḪḲᴻᶗᶍᶷ᷄ḃḁᶎᶷḐḧḋ᷄ᶊ ᵴᶫ

ᶝᵸᴳᶷḐḧḋ᷄ᶷ᷄ḃḁᶊᶃᵣᶅᶎᴲ19  ᶆ ᵶᵮ ᵶᶅᵣᶝᵸ G

 

 

 

ND - range ᷀ᴻḕḳᴴḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶱ ᵸᶪᶊᶎᴲḷᴻ᷄᷅

ḳᴻḟᶱ ᵸ᷅ḳᴻḟᶱ ᵶᶅ group_barrier  ᶱ ᶒ ᵶᶝᵸᴳḷᴻ

᷄᷅ḳᴻḟᶱ ᵸ᷅ḳᴻḟᶎ nd_item  ᵪᶨᶍᶞ ᶆᵬᴲ ᵪᶨᶎ ᶆᵬ

ᶉᵣᵾᶠᴲḷᴻ᷄᷅ḳᴻḟᴴḘḲᶷᶎ ND - range ᷀ᴻḕḳᶆᶍᶞ ᶆᵬᴲ

ḏᴻḇ ᷀ᴻḕḳᶆᶎ ᶆᵬᶝᵺᶲ G
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group_barrier  ᶎᴲḘḲᶷᶊᶧᶂᶅ ᵴᶫᶪḩḪḲᴻᶍ╗ ᶍ

ḁ᷈ᴻḟɵ ᵸᶪ ╥ᶍᶿḟ᷿ḯḻנּ  ɵ1 ᶃ ᵰ ᶫᶝᵸᴳ

group_barrier ᶊ ╥ᶍנּ ᵫ ᵴᶫᶉᵣ ᴲḘḲᶷ ᶎ ᵴᶫᵾ

᷅ḳᴻḟᶊ ᶄᵣᶅḏḝᶾḳḐᶍḁ᷈ᴻḟᶱ ᵶᶝᵸᴳ ḏḝᶾḳḐᶍḁ᷈ᴻḟᶎ

ᶎ ᵶᵣᵾᶠᴲ ᶉḁ᷈ᴻḟᵫ ᶊᶉᶪᵲᶇᶎᶚᶇᶲᶈᵡᶩᶝᵺᶲᵫᴲ

╗ ᶍᶷḳ᷉ḲḂḨᶆᶎ ᶊꞌᵷᶅḩḪḲᴻḁ᷈ᴻḟᶱ ᶆᵬᶝᵸᴳ 

 

ᶉḁ᷈ᴻḟᶎḘḲᶷᶊᶧᶂᶅ ᵴᶫᶪḩḪḲᴻ ᶊᶍᶞ☼ ᵶᴲḘḲ

ᶷᶆ ᶱ ᵸᶪḷᴻ᷄ ᶍḃḋḐᶎᴲḘḲᶷᶊ ᵴᶫᶪ᷅ḳᴻḟᴴᶿḞḀᶼ᷄

Ḑᶊᶧᶂᶅ ᵴᶫᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ│ᶉᶪḩḪḲᴻḁ᷈ᴻḟᶱḘḲᶷ

ᶊ ᵸᵲᶇᶆᴲᶧᶩ ᵮᶍḷᴻ᷄ ᶝᵾᶎᶧᶩ ᶉᵣḷᴻ᷄ ᶱ ᵸᶪᵲᶇ

ᶎᶆᵬᶝᵺᶲᵫᴲ│ᶉᶪ᷅ḳᴻḟᴴᶿḞḀᶼ᷄ḐᶱḘḲᶷᶊ ᵸᵲᶇᶆᴲ│ᶉᶪḷᴻ

᷄ ᶍḃḋḐᶱ ᶆᵬᶝᵸ G

 

ᶉ ND - Range ᷀ᴻḕḳᶍ  

 

ḵᴻ᷀ḳᴴḩḪḲᴻᴴᶷ᷄ḃ᷊ᴻᶱ ᵶᴲḘḲᶷ ᶱ ᵶᶅᵼᶍᶷ᷄ḃḁᶱ

ᵸᶪ ᵫᶮᵪᶂᵾᶍᶆᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶱ ᵶᶅ

᷅ḵᴻḘḳḩḪḲᴻᶗᶍḐḱḝᶸḋ᷄ᶱ ᵸᶪᴲND - range ᷀ᴻḕḳᶍ

ᶱ ᶆᵬᶝᵸ  G ᶉ ᶱ  9 -8  ᶊ ᵶᶝᵸ  G
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// ᷅ḵᴻḘḳḩḪḲᴻ ᶍ ᶱ  н

// ᶍᶷ᷄ḃ᷊ :ᴻ  

accessor  matrixA{bufA, h};  

accessor  matrixB{bufB, h};  

accessor  matrixC{bufC, h};  

 

// 1 ᶃᶍ ḁḇᶹḳᶍḵᴻ᷀ḳᶷ᷄ḃ᷊:ᴻ  

constexpr  int  tile_size = 16;  

  

// ḎḻḟḴᴻḐ  T ᶎ ᶊ ᵴᶫᶪḏᴻḇᶍ   

auto  tileA = local_accessor <T, 1>(tile_size, h);  

 

h. parallel_for (  

nd_range <2>{{M, N}, { 1, tile_size}},  

[=]( nd_item <2> item ) {  

// ᷅ḵᴻḘḳᴴᶹḻḏḋ᷄ḁ ᶍᶹḻḏḋ᷄ḁ:  

int  m = item . get_global_id ()[ 0];  

int  n = item . get_global_id ()[ 1];  

 

// ḵᴻ᷀ḳᴴᶹḻḏḋ᷄ḁ ᶍᶹḻḏḋ᷄ḁ:  

int   i = item . get_local_id ()[ 1];  

 

T sum = 0;  

for  ( int  kk = 0; kk < K; kk += tile_size) {  

// ᵶᶅᴲᵸᶘᶅᶍḷᴻ᷄ ᵫ 

// ḵᴻ᷀ḳḩḪḲᴻ ᶍ ḇᶹḳᶍ  

// ╗ ᵶᵾḛḭᴻᶱ ᶃᶧᵥᶊᵶᶝᵸᴳ 
tileA [i] = matrixA [m][kk + i];  

group_barrier ( item . get_group ());  

 

// ḵᴻ᷀ḳᴴḩḪḲᴻᴴḇᶹḳᶇ᷅ḵᴻḘḳḩḪḲᴻ ᶍ 

//  B ᶱ ᵶᶅ ᶱ ᵶᶝᵸ  G

for  ( int  k = 0; k < tile_size; k++) {  

 sum += tileA [k] * matrixB [kk + k][n];  

    }  

  

// ᴲḵᴻ᷀ḳᴴḩḪḲᴻᴴḇᶹḳᵪᶨᶍ 

// ᵸᶘᶅᶍ ᶞ ᶩᵫ ᵶᶅᵣᶪᵲᶇ  ɵ

// ᵸᶪᵾᶠ ᵶᶝᵸ  G

group_barrier ( item . get_group ());  

   }  

  

ᶱ᷅ḵᴻḘḳḩḪḲᴻᶊוֹ // ᵬ ᶞᶝᵸ G  

matrixC [m][n] = sum;  

});  

 
 9 - 8.  ND - range ᶍ parallel_for ᶇḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶱ ᵧᵾ

ḇᶹḳּטᵴᶫᵾ ᷀ᴻḕḳᶱ  
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ᵲᶍ᷀ᴻḕḳᶍḩᶹḻḳᴻḟᶎ2Ǝ ᶃᶍ│ᶉᶪḝᶼᴻḂᶇᵶᶅ ᵧᶪᵲᶇᵫᶆᵬ

ᶝᵸᴳ ᶍḝᶼᴻḂᶆᶎᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᵫ ᵶᶅᴲ ḏᴻ

ḇ  ɵA ᵪᶨḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻᶊḵᴻḑᵶᶝᵸᴳ2 ᶍḝᶼ

ᴻḂᶆᶎᴲḷᴻ᷄ ᵫ ḏᴻḇᶱ ᵶᶅᵼᶫᵽᶫ ᶱ ᵶᶝᵸᴳᵸᶘᶅ

ᶍḷᴻ᷄ ᵫ  1 ḝᶼᴻḂᶱ ᵶᶅᵪᶨ  2 ḝᶼᴻḂᶊ ᶟᶧᵥᶊᵸᶪᵾᶠᴲ

ḷᴻ᷄᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶱ ᵶᴲḩḪḲᴻḝᶼḻḁᶱ ᵸᶪ 

group_barrier  ᶒ ᵶᶆ 2 ᶃᶍḝᶼᴻḂᵫ ᵴᶫᶝᵸᴳᵲᶍḙḇᴻḻᶎ╗

ᶉᶡᶍᶆᵡᶩᴲ᷀ᴻḕḳ ᶆḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶱ ᵸᶪ

ᴲᶚᶇᶲᶈᶎḷᴻ᷄᷅ḳᴻḟᴴḘḲᶷᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ 

 

ᶍḇᶹḳᶍ ḝᶼᴻḂᶇ ᶍ ḇᶹḳᶍ ᶞ ᶞḝᶼᴻḂᶍ ᶆ

ᶱ ᵸᶪᶊᶎ gƎroup_barrier  ᶱ ᶒ ᵸ ᵫᵡᶪᵲᶇᶊᶡ ≥ᵶᶅᵮᵿ

ᵴᵣᴳᵲᶍ ᶱ ᶮᶉᵣᶇᴲ ᶍḷᴻ᷄ ᵫ ᶱ ᵸᶪ ᶊᴲ ᶍ

ḇᶹḳᶍ╗ ᵫḷᴻ᷄᷅ḳᴻḟ ᶍ 1 ᶃᶍḷᴻ᷄ ᶊᶧᶂᶅ ᵬᵴᶫᶪּס

ᵫᵡᶩᶝᵸᴳ╗ ᶊᴲᵡᶪḷᴻ᷄ ᵫ ᶍḷᴻ᷄ ᶊᶧᶂᶅ ᶞ ᵬᵴᶫᵾ

ḵᴻ᷀ḳḩḪḲᴻ ᶍḏᴻḇᶱ ᶞ ᶂᵾᶩ ᵬ ᶲᵿᶩᵸᶪᶇᵬᶎ ᶊ ᵫ

ᶆᵸ  G  9 - 8  ᶆᶎᴲḳᴻḟᶍ ᶊ ᵫ ᶮᶫᶅᵣᶝᵸᵫᴲ ᶮᶩᶊ ḳ

ᴻḟ ᶍ ᶊ ᵶᶅᶡ ᵶᵮ ᵶᶝᵸᴳ 

 

 

᷊Ḟ᷅ḳᴻḟ 
 

ᵲᶍ ᶍᵲᵲᶝᶆᶎᴲḷᴻ᷄ ᶎᴲḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻᶱ ᵶᶅ

ḏᴻḇᶱ ᵶᴲḷᴻ᷄᷅ḳᴻḟᶆᶎ group_barrier  ᶆ ᵸᶪᵲᶇᶊᶧ

ᶂᶅᴲḷᴻ᷄᷅ḳᴻḟ ᶍ ᶍḷᴻ᷄ ᶇ ᵶᶅᵬᶝᵶᵾᴳ 

 

 4 ᶆᶎᴲḷᴻ᷄ ᶍ ᶍ᷅ḳᴻḟּטᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ᷊Ḟ᷅ḳᴻ

ḟᶇᶎᴲ ᵷḗᴻḑᶻᶼᶷᴴḲḅᴻḁ ᶆ ᶊ ᵴᶫᶪᵪᴲ ᶍḁ᷆Ḁḭᴻḳנּ

ᶊᶧᶩ ᵴᶫᶪᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶍ᷊ḞḃḋḐᶆ

ᵸ  G 
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ᶊᶧᶂᶅḷᴻ᷄ ᶱ᷊Ḟ᷅ḳᴻḟᶊ᷅ḳᴻḟּטᵸᶪ ᵫ ᵴᶫᶪᵾᶠᴲ

᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎ ≥ᶍḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶧᶩᶡ

ᵮ ᴲᶝᵾᶎ ᶆᵬᶪּס ᵫᵡᶩᶝᵸᴳ 

 

ᵲᵲᶆᶎᴲ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶍ ᶊᶃᵣᶅ ᵶᶝ

ᵸᴳ᷊Ḟ᷅ḳᴻḟᶊᶎḷᴻ᷄ ᶍ᷅ḳᴻḟּטᶍ ᶡ ᶆᵡᶪᵾᶠᴲ᷊Ḟ᷅

ḳᴻḟᶊᶎ Nd - range ᷀ᴻḕḳᶡ ᶆᵡᶩᴲ ᶉḏᴻḇ ᷀ᴻḕḳᶍ

Ḫḏḳᶊᶎ ᶝᶫᶝᵺᶲ  G

 

ᶇ᷊Ḟ᷅ḳᴻḟᴴḘḲ  ʊ

 

ḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᵫḷᴻ᷄᷅ḳᴻḟᴴḘḲᶷᶱ ᵶᶅ ᵴᶫᶪᶍ

ᶇ ᶊᴲ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶡ᷊Ḟ᷅ḳᴻḟᴴḘḲᶷᶱ ᵶᶅ ᵴ

ᶫᶝᵸᴳ᷊Ḟ᷅ḳᴻḟᴴḘḲᶷᶱ ᵸᶪᶊᶎᴲ ᵷ group_barrier  ᶱ

ᶒ ᵶᶝᵸᵫᴲ  9 -9  ᶊ ᵸᶧᵥᶊᴲḷᴻ᷄᷅ḳᴻḟᶆᶎᶉᵮ᷊Ḟ᷅ḳᴻḟᶱ

ᵸ᷅ḳᴻḟᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶝᵸᴳḷᴻ᷄᷅ḳᴻḟᴴᶿḞḀᶼ᷄Ḑᶇ ᶊᴲ᷊Ḟ

᷅ḳᴻḟᶱ ᵸ᷅ḳᴻḟᴴᶿḞḀᶼ᷄ḐᶎᴲND - range ᷀ᴻḕḳᶍ nd_item  ᷄

ḱḁᵪᶨ ᶆᵬᶝᵸᵫᴲ ḏᴻḇ ᵪᶨᶎ ᶆᵬᶝᵺᶲᴳ 

 
h. parallel_for (  

 nd_range {{size}, { 16}}, [=]( nd_item <1> item ) {  

 auto  sg = item . get_sub_group ();  

 group_barrier (sg);  

 // ...  

 auto  index = item . get_global_id ();  

 data_acc [index] = data_acc [index] + 1;  

 });  

 
 9 - 9.  ᷄ᶽḲ  ᴻᶇ sub_group ᷄ḱḁᶍ  

 

ᶝᵾᴲḷᴻ᷄᷅ḳᴻḟᴴḘḲᶷᶇ ᶊᴲ᷊Ḟ᷅ḳᴻḟᴴḘḲᶷᶎᴲ᷊Ḟ᷅ḳᴻḟᴴ

ḘḲᶷᶊ ᵰᶨᶫᵾḩḪḲᴻ ᶍ ∫ᶱ ᵸᶪᶿḟ᷿ḯḻ╥ ᶱ ᵰ

ᶫᶪᵲᶇᵫᵡᶩᶝᵸᵫᴲᵲᶫᶎ╗ ᶆᶎᶉᵮᴲᶚᶇᶲᶈᶍ ᴲḏḝᶾḳḐᶍḩ

ḪḲᴻḁ᷈ᴻḟᶱᵼᶍᶝᶝ ᶆᵬᶝᵸᴳ 
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᷊Ḟ᷅ḳᴻḟ ᶆᶍḏᴻḇ  

 

ḷᴻ᷄᷅ḳᴻḟᶇᶎ│ᶉᶩᴲ᷊Ḟ᷅ḳᴻḟᶊᶎḏᴻḇᶱ ᵸᶪ ḩḪḲᴻ ╓

ᵫᵡᶩᶝᵺᶲᴳ ᶮᶩᶊᴲ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎᴲḷᴻ᷄᷅ḳᴻḟᶍḵᴻ

᷀ḳḩḪḲᴻᴲ᷅ḵᴻḘḳḩḪḲᴻᴲᶝᵾᶎᶧᶩ╗ ᶊᶎ᷊Ḟ᷅ḳᴻḟᶍ

ᶱ ᵶᶅḏᴻḇᶱ ᶆᵬᶝᵸ G

 

ᶍᶧᵥᶊᴲ ᶎᴲ ·ᶍḷᴻ᷄ ᶆᶎᶉᵮᴲḷᴻ᷄ ᶍ᷅ḳᴻḟ

ᶊᶧᶂᶅ ᵴᶫᶪ ᶱ ᵸᶪ ᶆᵸᴳḘḲᶷ ᶎḷᴻ᷄ ᶍ᷅

ḳᴻḟᶊᶧᶂᶅ ᵴᶫᶪ ᶆᵡᶪᵾᶠᴲ ᶍ╗ ᶆᵸᴳ 

 

ᵼᶍ ᶍ ᶎ ᶍ ḙḇᴻḻᶱ ᵶᶝᵸᴳᵲᶍ ᶍ ᶆᴲ ᵮ

ᶍ ᶍḃḦḻḎᶸ᷄ḁᶱ ᵶᵮ ᵶᶝᵸᵫᴲᵲᵲᶆᶎᴲ᷊Ḟ᷅ḳᴻḟᶱ

ᵶᵾ ᶍ ᶊ ᵸ  ᶅgroup_broadcast  ᶊ ᶱ ᶅᶝ

ᵸ  G 

 

group_broadcast  ᶎᴲ᷅ḳᴻḟ ᶍ 1 ᶃᶍḷᴻ᷄ ᵪᶨ ᶱ

ᵶᴲᵼᶫᶱ᷅ḳᴻḟ ᶍ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶊ ᵶᶝᵸ  G9 - 10  ᶊ

ᶱ ᵶᶝᵸᴳḞḵᴻḑ᷂ḫḁḐ ᶍḃḦḻḎᶸ᷄ḁᶆᶎᴲ ᵸᶪ᷅ḳᴻḟ ᶍ

ᶱ ᵸ  ᶅlocal_id  ᵫ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶆ ᵷᶆᵡᶪ ᵫ

ᵡᶩᴲḞḵᴻḑ᷂ḫḁḐ ᶍ ᶡ᷅ḳᴻḟוֹ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶆ ᵷᶊᶉ

ᶪᵲᶇᵫ ᵴᶫᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣ G

 

 

 

 

 

 

 

 
 9 - 10.  Ḟḵᴻḑ᷂ḫḁḐ ᶊᶧᶪ  
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 9 -11  ᶊ ᵸḵᴻ᷀ḳḩḪḲᴻ ᷀ᴻḕḳᶍ ᶡ ᶍḳᴻḟᶱ

ᶪᶇᴲ᷅ḳᴻḟ ᶍ ḷᴻ᷄ ᵫ ḇᶹḳᵪᶨ ᵷ ᶱ ᶞ ᶪᵾᶠᴲ ḇ

ᶹḳᶗᶍᶷ᷄ḃḁᶎḞḵᴻḑ᷂ḫḁḐ ᶆᵡᶪᵲᶇᵫᶮᵪᶩᶝᵸᴳ 

 
h. parallel_for (  

nd_range <2>{{M, N}, { 1, tile_size}},  

[=]( nd_item <2> item ) {  

// ᷅ḵᴻḘḳᴴᶹḻḏḋ᷄ḁ ᶍᶹḻḏḋ᷄ḁ:  

int  m = item . get_global_id ()[ 0];  

int  n = item . get_global_id ()[ 1];  

 

// ḵᴻ᷀ḳᴴᶹḻḏḋ᷄ḁ ᶍᶹḻḏḋ᷄ḁ:  

int  i = item . get_local_id ()[ 1];  

 

// ḎḻḟḴᴻḐ  T ᶎ ᶊ ᵴᶫ  ᶅ

// ḏᴻḇᶍ  

T sum = 0;  

for  ( int  kk = 0; kk < K; kk += tile_size) {  

 //  A ᵪᶨ ḇᶹḳᶱḵᴻḑᵶᴲ 

 // ᵶᶅᴲᵸᶘᶅᶍḷᴻ᷄ ᵫ 

 // ḵᴻ᷀ḳḩḪḲᴻ ᶍ ḇᶹḳᶍ 

 // ╗ ᵶᵾḛḭᴻᶱ ᶃᶧᵥᶊᵶᶝᵸᴳ 
        tileA [i] = matrixA [m][kk + i];  

        group_barrier ( item . get_group ());  

 

 // ḵᴻ᷀ḳᴴḩḪḲᴻᴴḇᶹḳᶇ᷅ḵᴻḘḳḩḪḲᴻ ᶍ 

 //  B ᶱ ᵶᶅ ᶱ ᵶᶝᵸ  G

 for  ( int  k = 0; k < tile_size; k++) {  

  // k ᶍ ᶎ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶆ 

  // ᵷᶆᵡᶪᵾᶠ tƎileA ᵪᶨᶍᵲᶫᶨᶍ ᶞ ᶩᶎ 

  // Ḟḵᴻḑ᷂ḫḁḐ ᶊᶉᶩᶝᵸᴳ 
  sum += tileA [k] * matrixB [kk + k][n];  

        }  

  

 // ᴲḵᴻ᷀ḳᴴḩḪḲᴻᴴḇᶹḳᵪᶨᶍ 

 // ᵸᶘᶅᶍ ᶞ ᶩᵫ ᵶᶅᵣᶪᵲᶇ  ɵ

 // ᵸᶪᵾᶠ ᵶᶝᵸ  G

 group_barrier ( item . get_group ());  

      }  

  

ᶱ᷅ḵᴻḘḳḩḪḲᴻᶊוֹ // ᵬ ᶞᶝᵸ G  

 matrixC [m][n] = sum;  

});  

 
 9 - 11.  ᷀ᴻḕḳᶊᶎḞḵᴻḑ᷂ḫḁḐⱳ ᵫ ᶝᶫᶝ н
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᷊Ḟ᷅ḳᴻḟᴴᶿḞḀᶼ᷄Ḑᶱ ᶃ group_broadcast  ᶱ ᵶᶅᴲḷᴻ

᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻᶣḘḲᶷᵫ ᶉ ᷀ᴻḕḳᶱ ᵶᶝᵸᴳ

ᵮᶍḏḘᶹḁᶆᶎᴲḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻᶇḘḲᶷᶱ ᵶᵾ᷊Ḟ

᷅ḳᴻḟᶍḞḵᴻḑ᷂ḫḁḐᶎᴲḷᴻ᷄᷅ḳᴻḟᶍḞḵᴻḑ᷂ḫḁḐᶧᶩᶡ ᶆᵸᴳ  

 

ᶉ᷊Ḟ᷅ḳᴻḟ ND - Range ᷀ᴻḕḳᶍ  

 

 9 -12  ᶎᴲ᷊Ḟ᷅ḳᴻḟᶱ ᵶᶅ ᶱ ᵸᶪ ᶉ ᶆᵸᴳᵲᶍ᷀ᴻ

ḕḳᶎᴲḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻᶣ ᶉ ᶱ ᶇᵺᵹᴲ ᶮᶩᶊ

᷊Ḟ᷅ḳᴻḟᶍḞḵᴻḑ᷂ḫḁḐ ᶱ ᵶᶅᴲ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄

ᶆ ḇᶹḳᶍ ᶱ ᵸᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ 
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// :  ᵲᶍ ᶆᶎᴲ᷊Ḟ᷅ḳᴻḟᶍ᷊ᶹḂᵫḇᶹḳᶍ᷊ᶹḂ∙  

// ᶆᵡᶪᵲᶇᶱ ᶇᵶᶅᵣᶝᵸ G  

constexpr  int  tile_size = 4;  

h. parallel_for (  

nd_range <2>{{M, N}, { 1, tile_size}},  

[=]( nd_item <2> item ) {  

 auto  sg = item . get_sub_group ();  

 

 // ᷅ḵᴻḘḳᴴᶹḻḏḋ᷄ḁ ᶍᶹḻḏḋ᷄ḁ:  

 int  m = item . get_global_id ()[ 0];  

 int  n = item . get_global_id ()[ 1];  

 

 // ḵᴻ᷀ḳᴴᶹḻḏḋ᷄ḁ ᶍᶹḻḏḋ᷄ḁ:  

 int  i = item . get_local_id ()[ 1];  

 

 // ḎḻḟḴᴻḐ  T ᶎ ᶊ ᵴᶫ  ᶅ

 // ḏᴻḇᶍ  

 T sum = 0;  

 for  ( int  kk = 0; kk < K; kk += tile_size) {  

  //  A ᵪᶨ ḇᶹḳᶱḵᴻḑᵶᴲ 
  T tileA = matrixA [m][kk + i];  

 

  // ḇᶹḳᵪᶨḞḵᴻḑ᷂ḫḁḐᵶᴲ  

  // ᷅ḵᴻḘḳḩḪḲᴻ ᶍ  B ᵪ  ʝ

  // ḵᴻḑᵸᶪᵲᶇᶆ ᶱ ᵶᶝᵸ G

  // ḳᴻḟ  k ᶎᴲ᷊Ḟ᷅ḳᴻḟ ᶍᶈᶍḷᴻ᷄ ᵪ  ʝ

  // ḏᴻḇᶱḞḵᴻḑ᷂ḫḁḐᵸᶪᵪᶱ ᵶᶝᵸᴳ 

  for  ( int  k = 0; k < tile_size; k++) {  

   sum += group_broadcast (sg, tileA, k) *  

    matrixB [kk + k][n];  

         }  

      }  

  

ᶱ᷅ḵᴻḘḳḩḪḲᴻᶊוֹ // ᵬ ᶞᶝᵸ G  

matrixC [m][n] = sum;  

});  

 
 9 - 12.  ND - range ᶍ parallel_for ᶇ᷊Ḟ᷅ḳᴻḟ ᶆ ᵴᶫᵾḇᶹḳ

᷀ᴻḕḳ 
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᷅ḳᴻḟ ᶇ᷅ḳᴻḟH ᶷḳ᷉ḲḂḨ  
 

ᵲᶍ ᶍ᷊Ḟ᷅ḳᴻḟᶍḃ᷿᷄ḯḻᶆᶎᴲ ᶇᴲ ᵫ ᶍ ḙḇ

ᴻḻᶱᶈᶍᶧᵥᶊ ᵸᶪᵪ ᵶᶝᵶᵾ G ᶊᴲ᷅ḳᴻḟ ᶍ 1 ᶃᶍḷᴻ᷄

ᵪᶨ᷅ḳᴻḟ ᶍ ᶍḷᴻ᷄ ᶊ ᶱ ᵸᶪḞḵᴻḑ᷂ḫḁḐ ᶊ

ᶃᵣᶅ ᵶᶝᵶᵾ  Gᵲᵲᶆᶎᴲᵼᶍᶚᵪᶍ ᶊᶃᵣᶅ ᵶᶝᵸᴳ 

 

ᵲᵲᶆ ᵸᶪ ᶎᴲᶷḐḧḋ᷄ᴲḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᴲḘ

Ḳᶷᶉᶈᶍ ᶱ ᵶᶅḟḵ᷅ḱḨᶊ ᶆᵬᶝᵸᵫᴲ ᵮᶍḏḘᶹḁᶊᶎ

ᶱ ᵸᶪטּ ḗᴻḑᶻᶼᶷᵫ ᵴᶫᶅᵣᶝᵸᴳḏḘᶹḁᶊ ᶍ

ḗᴻḑᶻᶼᶷ ᵴᶫᶅᵣᶉᵣ ᶆᶡᴲḡḻḈᴻᵫ ᵸᶪ ᶍ ᶆ

ᶎᴲḏḘᶹḁᶊ ᶮᵺᶅ ᵴᶫᶅᵣᶪּס ᵫ ᵣᵾᶠᴲḛḳḐᶹḻᶍ

ᶱ ᶒ ᵸᶇᴲ ᴲ ᶆ ᵸᶪ ᶧᶩᶡḙḝᶾᴻḦḻḁᵫ ᵶᶝᵸᴳ  

ᶍ ḙḇᴻḻᶊ ᶱ ᵶᶅ᷈ᴻḑᶱ ᵶᴲḙḝᶾᴻḦḻḁᶱטּ

ᵴᵺᶝᵸ  G

Ḟḵᴻḑ᷂ḫḁḐ 

 

group_broadcast  ᶱ ᵸᶪᶇᴲ᷅ḳᴻḟ ᶍ 1 ᶃᶍḷᴻ᷄ ᵫᴲ᷅ḳ

ᴻḟ ᶍ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶇ ᶱ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳḞḵᴻ

ḑ᷂ḫḁḐ ᶍ ᶱ  9 -10  ᶊ ᵶᶝᵸ gGroup_broadcast ᶎᴲḷᴻ

᷄᷅ḳᴻḟᶇ᷊Ḟ᷅ḳᴻḟᶍ ᶆ᷊ḥᴻḐᵴᶫᶅᵣᶝᵸᴳ 
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any_of_group aƎll_of_group nƎone_of_group   (∙ ᴲ ᶇ

ᶒᶝ )н ᶱ ᵸᶪᶇᴲḷᴻ᷄ ᶎ᷅ḳᴻḟ ᶆḞᴻḳ ᶍ ᶱוֹ

ᶆᵬᶝᵸᴳ᷅ḳᴻḟ ᶍ ᶉᵮᶇ  ɟ1 ᶃᶍḷᴻ᷄ ᶊ ᵶᶅ ᵫ true  ᶍ

aƎny_of_group  ᶎ true  ᶱ ᵶᴲ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶊ ᵶᶅ

ᵫ true ᶍ aƎll_of_group  ᶎ true  ᶱ ᵶᴲ᷅ḳᴻḟ ᶍᵸᶘᶅᶍ

ḷᴻ᷄ ᶊ ᵶᶅ ᵫ false  ᶍ nƎone_of_group  ᶎ true  ᶱ ᵶᶝ

ᵸᴳ ᶊ ᵸᶪᵲᶫ  ʝ2 ᶃᶍ ᶍ ᶱ  9 -13  ᶊ ᵶᶝᵸ  G

 

 

 

 

 

 

 

 

 

 
 9 - 13.  any_of_group aƎll_of_group nƎone_of_group ᶍ  

 

SYCL 2020 ᶎᴲᵲᶫᶨᶍ ᶍḘḲᶷḻḐᶡ᷊ḥᴻḐᵶᶅᵩᶩᴲ᷅ḳᴻḟ

ᶍḷᴻ᷄ ᵫ ᵶᶅᴲ ᶍ C++ all_of aƎny_of nƎone_of  ᶷḳ᷉ḲḂ

Ḩᶍᶧᵥᶉḏᴻḇᶍ ∫ᶱ ᵶᶝᵸᴳᵲᶫᶨᶍלּ ᶎᴲ᷅ḳᴻḟ ᶍ ḷᴻ᷄

ᵫ ᵸᶪḏᴻḇᶱ ᵸᶪḘḲᶷḻḐᶇ ᵸᶪᵾᶠᴲjoint_any_of ᴲ

joint_all_of ᴲᵩᶧᶒ joint_none_of  ᶇ ᵰᶨᶫᶅᵣᶝᵸ  G

 

ᶎᴲᵾᶇᵧᶏᴲ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶍḅḲḭᴻ᷿ḯḻᵫᵣ

ᶃ ᵶᵾᵪ ᵸᶪ╗ ᶍ ᶷḳ᷉ḲḂḨᶊ ᶀᶝᵸᴳ ᶎᴲḷᴻ᷄

᷅ḳᴻḟᶇ᷊Ḟ᷅ḳᴻḟᶊ ᵶᶅ᷊ḥᴻḐᵴᶫᶅᵣᶝᵸᴳ  

 

 

 



 

 

243  

 

 

᷿ḫḋḝḳ 

 

᷊Ḟ᷅ḳᴻḟᶆ ᶡ ᶉ ᶍ 1 ᶃᶎᴲ ᶉḩḪḲᴻ ᶉᵶᶆ ·ᶍḷ

ᴻ᷄ ᶆ ᶆᵬᶪᵲᶇᶆᵸᴳ᷊Ḟ᷅ḳᴻḟ ᷀ᴻḕḳᶉᶈ ᵮ

ᶍ ᴲᵲᶫᶨᶍ᷿ḫḋḝḳ ᶊᶧᶩᴲ᷀ᴻḕḳᵪᶨḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳ

ḩḪḲᴻᶍ ᶱ ᵶᴲ᷅ḵᴻḘḳḩḪḲᴻᶗᶍ ᶉ ᶩ ᵶᶷ᷄ḃḁᶱ

ᶆᵬᶝᵸᴳ סּ ᶉ᷿ḫḋḝḳ ᶊᶎᵣᵮᶃᵪᶍ ᵫᵡᶩᶝᵸᴳ 

 

ᶡ╗ ᶉ᷿ḫḋḝḳ ᶎ select_from_group  ᶇ ᶏᶫᴲ  9 -14  ᶊ

ᵸᶧᵥᶊᴲ᷊Ḟ᷅ḳᴻḟ ᶍ ≥ᶍḷᴻ᷄ ᶍḢᶷ ᶆᶍ ≥ᶍ ᶱּס

ᶊᵶᶝᵸ ᵾGᵿᵶᴲᵲᶍ ᶊᶎḙḝᶾᴻḦḻḁᴴ᷈ḁḐᵫ ᵷᶪּס ᵫᵡᶪᵾ

ᶠᴲּס ᶉ ᶩᴲᶧᶩ ᵶᵾ᷿ḫḋḝḳטּ ᶱ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳ 

 

 

 

 

 

 

 

 
 9 - 14.  ᶉ  select_from_group ᶱ ᵶᶅᴲ ᵴᶫᵾᶹḻḏḋ᷄ḁᶊ

ᶄᵣᶅ ᶱ ᶘ  γ

 

 9 -14 ᶆᶎᴲ ᶊ ᵴᶫᵾ ᶹḻḏḋ᷄ḁᶱ ᵶᶅ᷊Ḟ᷅ḳᴻḟᶍ

ᶱḅᴻḐᵸᶪᵾᶠ ᷿ḫḋḝḳᵫ ᵴᶫᶅᵣᶝᵸᴳ᷊Ḟ᷅ḳᴻḟ ᶍ 1 ᶃ

ᶍḷᴻ᷄ ᶊ ᵶᶅ ╠ᵫ ᵴᶫᴲ᷿ḫḋḝḳᶍ ᶎ local_idוֹ  ᵫ 7 ᶆ

ᵡᶪḷᴻ᷄ ᶍ x  ᶍ ᶊᶉᶩᶝᵸ  G

 

᷊Ḟ᷅ḳᴻḟᶍ group_broadcast  ᶎᴲ᷊Ḟ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ

᷄ ᶍ᷿ḫḋḝḳᴴᶹḻḏḋ᷄ḁᵫ ᵷᶆᵡᶪ select_from_group  

ᶍ ḘᴻḀḯḻᶇ ᵧᶪᵲᶇᵫᶆᵬᶝᵸᴳ  
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᷊Ḟ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶍ᷿ḫḋḝḳᴴᶹḻḏḋ᷄ḁᵫ ᵷᶆᵡᶪᵲ

ᶇᵫ ᵶᶅᵣᶪ sƎelect_from_group  ᶍ ᶮᶩᶊ group_broadcast  

ᶱ ᵸᶪᶇᴲ᷈ḻḙᶹḱᴻᶊ נּ ᵫ ᵴᶫᴲ╗ ᶍ ᶆᶎḙḝᶾᴻḦḻ

ḁᵫ ᵸᶪּס ᵫᵡᶩᶝᵸ  G

 

 9 - 15  ᶊ ᵸᶧᵥᶊ sƎhift_group_right  ᶇ 

shift_group_left  ᶎᴲ᷊Ḟ᷅ḳᴻḟᶍ ᶱ ᵴᶫᵾ ᶊ╗

ᵿᵰ᷿ḝḐᵶᶝᵸᴳ᷊Ḟ᷅ḳᴻḟ ᶍ ᶍ 5 ᶃᶍḷᴻ᷄ ᶊ ᵴᶫᶪ ᶎ

ᶆᵡᶩᴲ  9 -15  ᶆᶎ ᶇᵶᶅ ᵴᶫᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ  

᷿ḝḐᶎᴲḳᴻḟ ∟ ᶱ ᶃḳᴻḟᶱ ᵸᶪטּ ᶣᴲ ḁ᷂ḫ

ḻᶣ ḁ᷂ḫḻᶉᶈᶍ╗ ᶉᶷḳ᷉ḲḂḨᶱ ᵸᶪ ᶊ ᶀᶝᵸᴳ 

 

 

 

 

 

 

 

 
 9 - 15.  ᷊Ḟ᷅ḳᴻḟᶍ x ᶱ 5 ᷿ḝḐᵸᶪᵾ  fshift_group_left ᶱ  

 

permute_group_by_xor  ᶎᴲḷᴻ᷄ ᶍ᷊Ḟ᷅ḳᴻḟᶍḵᴻ᷀ḳ ID 

ᶇ ᶊ ᵴᶫᵾ XOR ⱳ ᶍ ᶆוֹ ᵴᶫ  ᶅ2 ᶃᶍḷᴻ᷄ ᶍ

ᶱ ᵶᶝᵸᴳ  9 -16  ᶇ  9 -17  ᶊ ᵸᶧᵥᶊᴲ ᵸᶪ ᶍḢᶷᶍ ᶣ᷊

Ḟ᷅ḳᴻḟᶍ ᶍ ᶉᶈᴲᵣᵮᶃᵪᶍ╗ ᶉ ḙḇᴻḻ ɵXOR ᶱ ᵶ

ᶅ ᶆᵬᶝᵸ  G
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 9 - 16.  permute_group_by_xor ᶱ ᵶᶅ ᵸ  ᶅx ᶍḢᶷᶱ  

 

 

 

 

 

 

 

 

 

 
 9 - 17.  permute_group_by_xor ᶱ ᵶᶅ x ᶍ ᶱ  

 

 

Ḟḵᴻḑ᷂ḫḁḐᴲ ᴲ ᶱ ᵣᵾ᷊Ḟ᷅ḳᴻḟᶍ  טּ

 

᷊Ḟ᷅ḳᴻḟᶊ ᵴᶫᶪḞḵᴻḑ᷂ḫḁḐᴲ ᴲᵩᶧᶒᵼᶍ ᶍ

ᶍ ᶎᴲḷᴻ᷄᷅ḳᴻḟᶊ ᵴᶫᶪ ᶇ ᵷᶆᵸᵫᴲ ᶍ᷈ḻḙ

ᶹḱᴻᶆᶎ ᶉ סᵫּטּ ᶊᶉᶪ ᵫᵡᶪᵾᶠᴲᵴᶨᶊ ≥ᵫ

ᶆᵸᴳᵾᶇᵧᶏᴲ᷈ḻḙᶹḱᴻᶎᴲ᷊Ḟ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄

ᶊḞḵᴻḑ᷂ḫḁḐᵴᶫᶪ ḴḀḁḇᴻᶍ ᶱ ᵶᵾᶩᴲ

any_of_group  ᶇ all_of_group  ᶊ ᶄᵣᶅ ḝḵᴻᶍ

┴ᶱ ᶆᵬᶪ ᵫᵡᶩᶝᵸ  G
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᷿ḫḋḝḳ ᶎ ᶊ ᶆᵡᶪᵾᶠᴲ᷊Ḟ᷅ḳᴻḟᶆᶍᶞ ᶆᵬᴲḷᴻ᷄

᷅ḳᴻḟᶆᶎ ᶆᵬᶝᵺᶲ  G

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲ᷅ḳᴻḟ ᶍḷᴻ᷄ ᵫᶈᶍᶧᵥᶊ ᵶᴲ ᵶᴲ ᶍḇᶹḟ

ᶍ᷀ᴻḕḳᶍḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪᵪ ᵶᶝᵶᵾᴳ 

 

ᶝᵹ NƎD - range ᷀ᴻḕḳᵫḷᴻ᷄ ᶱḷᴻ᷄᷅ḳᴻḟᶊ᷅ḳᴻḟּטᵸᶪ

ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳḷᴻ᷄ ᶱḷᴻ᷄᷅ḳᴻḟᶊ᷅ḳᴻḟּטᵸᶪᵲᶇ

ᶆ Ḫḏḳᵫᶈᶍᶧᵥᶊ ᵶᴲḷᴻ᷄᷅ḳᴻḟטּ ᶍḷᴻ᷄ ᵫ ᶇ

ᶊᶧᶩ ᵸᶪᶧᵥḁ᷆Ḁḭᴻḳᵴᶫᶪ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ 

 

ᶊᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᵫḘḲᶷᶱ ᵶᶅ ᵸᶪ ᶇᴲ᷀ᴻ

ḕḳᶆḘḲᶷᵫᶈᶍᶧᵥᶊ ᵴᶫᶪᵪ ᵶᶝᵶᵾᴳᶝᵾᴲ᷀ᴻḕḳᶱ ᵶᴲטּ

ḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪᵾᶠᶊᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ ᶱ

ḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶱ ᵶᶅ ᵸᶪ ᶇᴲḷᴻ᷄᷅ḳᴻḟᴴḵ

ᴻ᷀ḳᴴḩḪḲᴻᶱḵᴻ᷀ḳᶷ᷄ḃ᷊ᴻᶱ ᵶᶅ ᵸᶪ ᶡ ᵶᶝᵶᵾᴳ 

 

ND - range ᷀ᴻḕḳᶍḷᴻ᷄᷅ḳᴻḟᶱᵴᶨᶊḷᴻ᷄ ᶍ᷊Ḟ᷅ḳᴻḟᶊ

ᵶᴲḷᴻ᷄ ᶍ᷊Ḟ᷅ḳᴻḟᶆ ᶍנּ ḙḇᴻḻᶣḁ᷆Ḁḭᴻḳ ᶱ

᷊ḥᴻḐᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ 

 

ḷᴻ᷄᷅ḳᴻḟᶇ᷊Ḟ᷅ḳᴻḟᶍ ᶊᵩᵣᶅᴲ ᶱ ᵷᶅ ᶍ

ḙḇᴻḻᶱᶈᶍᶧᵥᶊ ᵶᴲּנ ᶆᵬᶪᵪ ᵶᶝᵶᵾᴳ 

 

ᵲᶍ ᶍ ᶎᴲ  14 ᶆ ᵴᶫᶅᵣᶪ╗ ᶉ ḙḇᴻḻᶱ ᵶᴲ

 15 ᴲ  16 ᴲᵩᶧᶒ  17 ᶆ ᶍḏḘᶹḁ ᵰᶊ ᵸᶪטּ ᶱ

ᵸᶪ ᶉ ᶇᶉᶩᶝᵸ  G

 

 

 

 

 
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

  



 

 

 

 

 10  ᷀ᴻḕḳᶍ  
 

 

ᵲᶫᶝᶆ ᶍ᷈ᴻḑ ᶆᶎCƎ++ ḱḨḈ ᶱ ᵶᶅ᷀ᴻḕḳᶱ ᵶᶅᵬᶝ

ᵶᵾᴳḱḨḈ ᶎᴲ᷀ᴻḕḳᵫ ᵴᶫᶪ ᶆ᷀ᴻḕḳᶱ ᵸ ᶆ ᶉ

ᶆᵸᵫ SƎYCL ᶆ᷀ᴻḕḳᶱ ᵸ ╗ᶍ ᶆᶎᵡᶩᶝᵺᶲ G 

ᵲᶍ ᶆᶎᴲ᷀ᴻḕḳᶱ ᵸᶪ ᶱ ᵶᵮ ᵶᴲC++  ᷈ᴻḏᶸḻ᷅ᶍḓᴻ

Ḃᶊ ᶡ ᵶᵾ᷀ᴻḕḳ ᶱ ᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳ 

 

ᵲᶍ ᶆᶎᴲ᷀ᴻḕḳᶱ ᵸᶪ ᶍ 3 ᶃᶍ ᶊᶃᵣᶅ ᵶᶅ ᵶᶝ

:н 

 

 ɯ ḱḨḈ  
 

 ɯ ᵬ ᶿḞḀᶼ᷄Ḑ (ḝᶶḻ᷄ḇ )ᴻ  
 

 ɯ ᶍ  ɥAPI ᶆ ᵴᶫᵾ᷀ᴻḕḳᶇᶍ ◖ ᶱ ᵲᶍ

ḐḜḋ᷄ᶊᶃᵣᶅᶎᵲᶍ ᶆᶎ ᶫᵶ  Ǝ20 ᶆ ᵶᵮ

ᵶᶝᵸ  G

 

ᵲᶍ ᶍ ᶆᶎᴲ᷀ᴻḕḳḘḻḑḳ ᶍ᷀ᴻḕḳᶱ ᶊ ᵶᶅᴲ᷀ᴻḕ

ḳᶍḟḵḙḎᶸᴻᶱ ᵶᴲ᷀ᴻḕḳᶱᵣᶃᶈᶍᶧᵥᶊ᷈ḻḙᶹḳᵸᶪᵪ ᵸᶪ

ᶊᶃᵣᶅ ᵶᶝᵸ  G

 

 

᷀ᴻḕḳᶱ ᵸᶪ ᵫ 3 ᶃᵡᶪᶍᶎᶉᵻᵪ 
 

ᶱ ᵸᶪ ᶊᴲ᷀ᴻḕḳᶱ ᵸᶪ ᵫ 3 ᶃᵡᶪ ᶇᴲᵼᶫᵽᶫᶍ

ᶇ ᶊᶃᵣᶅ ᶊ ᵶᶝᵸᴳᵼᶫᶨᶱ 10 -1 ᶝᶇᶠᶅᵣᶝᵸ  G

 

᷀ᴻḕḳᶎ ∞ᶱ ᵸᶪᵾᶠᶊ ᵴᶫᴲ᷀ᴻḕḳᶍ ᵮᶍᶹḻḁḇḻ

ḁᶎ ᴲᶷ᷄ḃḱḴᴻḇᴻ ᶆ ᶊ ᵴᶫᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ

SYCL ᶎᴲᵴᶝᵵᶝᶉ᷈ᴻḏᶸḻ᷅ᴴḁḇᶹḳᶍ᷈ᴻḑḡᴻḁᶊᴲ ᵪᶃ᷿ᴻḨḴ

ḁᶊ ᵸᶪ᷀ᴻḕḳᶱ ᵸᶪ ᶍ ᶱ᷊ḥᴻḐᵶᴲ ᶉᶷ᷄ḃḱḴ

ᴻḇᴻᴴḇᶹḟᶆ ᶊ ᶆᵬᶝᵸᴳ 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_10  

 

https://doi.org/10.1007/978-1-4842-9691-2_10
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᷀ᴻḕḳ   
ḱḨḈ  : 

 ɯ ḱḨḈ ᶎᴲ᷀ᴻḕḳᵫ ᵴᶫᶪ ᶱ ᶊ ᵸ

ᶉ ᶆᵸ  G

 ɯ ḱḨḈ ᶎᴲ ᶍ C++ ᷈ᴻḑᶆ᷀ᴻḕḳᶍᶧᵥᶉ

ᶱ ᵸ╗ ᶉ ᶆᵸ  G

 ɯ ḱḨḈᶍ᷂ḫḟḉḫᴻ ᶎ ᶊḏᴻḇᶱ᷀ᴻḕḳ

ᶊ ᵶᶝᵸ  G

: 

 ɯ ḱḨḈ ᶇᵶᶅ ᵴᶫᶪ᷀ᴻḕḳᶎḎḻḟḴᴻḐּטᶆᵬ

ᵹᴲ ᶍנּ ᶉᵶᶆᶎḱᶹḞḱḲᴻᶇᵶᶅᶷḃḻḞḳᵴ

ᶫᶝᵺ  ɸ( ᶍ ᶍᶧᵥᶊ)  G

 ɯ ḱḨḈ ᶎᴲ╗ ᶍ C++ ᷈ᴻḑḡᴻḁᶆᶎ ᶞᵫ

ᶉᵣᵪᶡᵶᶫᶝᵺᶲ  G

ᵬ ᶿḞḀᶼ᷄Ḑ 

(ḝᶶḻ᷄ḇ )ᴻ  

: 

 ɯ ḝᶶḻ᷄ḇᴻᶎᴲ ᶍ C++ ᷄ḱḁᶇ ᶊᴲḎḻḟḴᴻ

Ḑּטᴲ ᴲḱᶹḞḱḲᴻᶍ╗ ᶇᵶᶅḲḲᴻḁᶆᵬᶝ

ᵸ  G

 ɯ ḝᶶḻ᷄ḇᴻᶎ᷀ᴻḕḳᶊ ᵴᶫᶪḏᴻḇᶱᶧᶩ ᶊ

ᵶᶝᵸ  G

: 

 ɯ ᶇᵶᶅ ᵴᶫᶪ᷀ᴻḕḳᶆᶎᴲḱḨḈ ᶇᵶᶅ

ᵴᶫᶪ᷀ᴻḕḳᶧᶩᶡ ᵮᶍ᷈ᴻḑᶱ ᵸᶪ ᵫ

ᵡᶩᶝᵸ  G

 ɯ ᷀ᴻḕḳ╥ ᶎ ᶊ ᶊ ᵸ ᵫᵡᶩᴲ

ᶊ᷂ḫḟḉḫᴻᵴᶫᶝᵺᶲ G

ᶍ  API ᶇᶍ

◖  

: 

 ɯ ∙ ᵴᶫᵾ᷀ᴻḕḳᶝᵾᶎḱᶹḞḱḲᴻᶍ

ᶱּס ᶊᵶᶝᵸ  G

 ɯ ᶉᶷḟḲ᷆ᴻ᷿ḯḻᴴ᷈ᴻḑḡᴻḁᶊ SYCL ᶍ᷊

ḥᴻḐᶱ ᶊ ᶆᵬᶝᵸנּ  G

 ɯ ᶍ API ᶍ᷀ᴻḕḳ ᶆᶎ SƎYCL ᶆᶎ ᵴᶫנּ

ᶅᵣᶉᵣ ᶣ ᵫ ᵶᵣ ᵫ᷊ḥᴻḐᵴᶫᶪ

ᵫᵡᶩᶝᵸ  G

: 

 ɯ ◖ ᶎᶿḟ᷿ḯḻᶍ ᶆᵡᶩᴲᵸᶘᶅᶍ 

SYCL ᶝᵾᶎ ᶍᵸᶘᶅᶍ SYCL ḏḘᶹḁ

ᶆ᷊ḥᴻḐᵴᶫᶪᶇᶎ ᶩᶝᵺᶲ G

 ɯ ᶍ API ᶆ ᵴᶫᵾ᷀ᴻḕḳᶎ SYCL ḏḘᶹḁH

᷈ḻḙᶹḱᴻ ᶆ᷈ḻḙᶹḳᵴᶫᶉᵣᵾᶠᴲ᷈ḻḙᶹḳ

ᶍ ḉᶼḋ᷄ᴲ᷀ᴻḕḳ╥ ᶍ ḉᶼḋ᷄ᴲᵩᶧᶒ

סᶍּטּ ᵫ ᵴᶫᶪּס ᵫᵡᶩᶝᵸ  G

 ɯ ᶍ API ᶆ ᵴᶫᵾ᷀ᴻḕḳᶎᴲ ᶍ C++ 

ᶱ᷊ḥᴻḐᵶᶅᵣᶉᵣּס ᵫᵡᶩᶝᵸ G

 
 10 - 1.  ᷀ᴻḕḳᶱ ᵸ  ᶅ3 ᶃᶍ  
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ḱḨḈ ᶇᵶᶅ᷀ᴻḕḳᶱ  
 

C++ ḱḨḈ ᶎᴲ ᶿḞḀᶼ᷄ḐƎ ᶿḞḀᶼ᷄ḐƎ᷄ḵᴻḀḫᴻƎ ᶝ

ᵾᶎ ᶊḱḨḈᶇᶡ ᶏᶫᴲ᷀ᴻḕḳᵫ ᵴᶫᶪ ᶆ᷀ᴻḕḳᶱ ᵸᶪ

ᶉ ᶆᵸᴳᵲᵲᶆᶎᴲ᷀ᴻḕḳᶱ C++ ḱḨḈ ᶇᵶᶅ ᵸᶪ ᶊᶃᵣᶅ

ᵶᶝᵸᴳᵲᶫᶎᴲ ᵬᶍᵣᵮᶃᵪᶍ ᶉ᷊ḻḟḳ᷈ᴻḑᶱ ᶟᴲ 1 

ᶍ C++ ḱḨḈ ᶍ ᶱ ᵶᵾᶡᶍᶆᵸ  G

 

C++ ḱḨḈ ᶎ ᶊ ᶆ ᵪᶉ ᶱ ᶂᶅᵣᶝᵸᵫSƎYCL ᶆ

᷀ᴻḕḳᶱ ᵸᶪ ᴲ ᶉ C++ ḱḨḈ ᶍ᷊ḞḃḋḐᶍᶞᵫ  

(ᵩᶧᶒ᷊ḥᴻḐ) ᶆᵸ  G

 
h. parallel_for (  

size,  

// ᷀ᴻḕḳḱḨḈ ᶍ ᶝ  ɭ    

[=]( id <1> i ) { data_acc [i] = data_acc [i] + 1; }  

// ᷀ᴻḕḳḱḨḈ ᶍ ᶮ  ɭ

);  

 
 10 - 2.  ḱḨḈ ᶱ ᵶᶅ ᵴᶫᵾ ᶉ᷀ᴻḕḳ 

 

᷀ᴻḕḳḱḨḈ ᶍ  

 

 10 -2  ᶎᴲ ᶉḱḨḈ ᶇᵶᶅ ᵴᶫᵾ ᶉ᷀ᴻḕḳᶱ ᵶᶅᵣᶝᵸᴳ

ᶍᵲᶫᶝᶆᶍ᷈ᴻḑ ᶆᶎᴲᵲᶍ ᵫ ᵴᶫᶅᵣᶝᵸᴳ 

 

 10 -3  ᶎᴲ᷀ᴻḕḳᶆ ᶆᵬᶪḱḨḈ ᶍ ᶱ ᵶᶅᵣᶝᵸᵫᴲᵲᶫᶨ

ᶍ ᶍ ᵮᶎ╗ ᶆᶎᵡᶩᶝᵺᶲᴳᶚᶇᶲᶈᶍ ᴲḱḨḈᶍḏḝᶾḳḐᶆ

ᶆᵡᶪᵾᶠᴲ╗ ᶉ᷀ᴻḕḳḱḨḈ ᶎ  Ǝ10 -3  ᶍ ᶉḱḨḈ ᶧᶩᶡᴲ

 10 -2  ᶍḱḨḈ ᶍᶧᵥᶊᶉᶩᶝᵸ G
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q. submit ([&]( handler&   h) {  

accessor  acc{B, h};  

h. parallel_for (  

nd_range {{size}, { 8}},  

 
[=]( id <1> i ) noexcept [[sycl::reqd_work_group_size(8)]]  - >void {  

    data_acc [i] = data_acc [i] + 1;  

});  

});  

 
 10 - 3.  ᷀ᴻḕḳḱḨḈ ᶍᵼᶍ ᶍ  (ᶿḟ᷿ḯḻ ᶱ )ɜ  

 

 

1.  ḱḨḈ ᶍ ᶍ ᶆᶎᴲḱḨḈH᷂ ḫḟḉḫᴻɵ ᵶᶝᵸᴳ

∫ᶍḁ᷈ᴻḟᵪᶨ ᶱ᷂ ḫḟḉḫᴻн ᶪᶇᴲᵼᶍ ᶱḙḱ

ḩᴻḇᴻᶇᵶᶅḱḨḈ ᶊ ᶊ ᵸᵲᶇᶉᵮᴲḱḨḈ ᶆ

ᶆᵬᶝᵸ  G 

 

C++ ḱḨḈ ᶎᴲ ᶱ᷈Ḝᴻᵸᶪᵪ ᶱ ᵸᶪᵲᶇᶆᴲ

ᶍ᷂ḫḟḉḫᴻᶱ᷊ḥᴻḐᵶᶅᵣᶝᵸᵫᴲ᷀ᴻḕḳḱḨḈ ᶆᶎ

ᶎ᷈Ḝᴻᶊᶧᶂᶅᶍᶞ᷂ḫḟḉḫᴻᶆᵬᶝᵸᴳ  

╗ ᶉ ᶎᴲḏḝᶾḳḐᶍ᷂ḫḟḉḫᴻᴴḪᴻḑ [=]  ᶱ ᵸ

ᶪᵲᶇᶆᵸᴳᵲᶍḪᴻḑᶆᶎᴲᵸᶘᶅᶍ ᵫ∆ ᶊ ᶊᶧᶂᶅ

᷂ḫḟḉḫᴻᵴᶫᶝᵸᵫᴲ᷂ḫḟḉḫᴻᵴᶫᵾ ᶊ᷈ḻḦᶆ

ᶂᵾ᷂ḫḟḉḫᴻᴴḲḁḐᶱ ᶊ ᵰᶆᵬᶝᵸᴳ᷀ᴻḕ

ḳ ᶆ ᵴᶫᶪ ᵫ ᶊᶧᶂᶅ᷂ḫḟḉḫᴻᵴᶫᶅᵣᶉᵣ

ᴲ᷈ḻḙᶹḳ ᶊᶽḱᴻᵫ ᵶᶝᵸᴳ  

C++ ᶊ ᵣᴲ᷅ḵᴻḘḳ ᶎḱḨḈ ᶆ᷂ḫḟḉḫᴻᵴ

ᶫᶉᵣᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣ G

 

2.  ḱḨḈ ᶍ 2 ᶍ ᶆᶎᴲ ᵬ ᶊ ᵴᶫᶪḙḱḩ

ᴻḇᴻᶇ ᶊᴲḱḨḈ ᶊ ᵴᶫᶪḙḱḩᴻḇᴻᶱ ᵶᶝᵸᴳ 
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᷀ᴻḕḳḱḨḈ ᶆᶎᴲḙḱḩᴻḇᴻᶎ᷀ᴻḕḳᶍ ᶒ ᵶ

ᶊ∟ ᵶᴲ ḁḢᴻḁ ᶍḷᴻ᷄ ᶍᶹḻḏḋ᷄ḁᶱ

ᵶᶝᵸᴳᵴᶝᵵᶝᶉ ḁḢᴻḁᶇᴲ ḁḢᴻḁᶆḷᴻ᷄

ᶍᶹḻḏḋ᷄ḁᶱ ᵸᶪ ᶍ ᶊᶃᵣᶅᶎ  Ǝ4 ᶱ

ᵶᶅᵮᵿᵴᵣ  G

 

3.  ḱḨḈ ᶍ ᶍ ᶎ ᶱ ᵶᶝᵸᴳ᷀ᴻḕḳḱḨḈ

ᶍ ᴲ ᶎ ᶍ ᶹḻḏḋ᷄ḁᶆ ᵴ

ᶫᶪ ᶱ ᵶᶝᵸ  G

 

ḱḨḈ ᶊᶎ ᶊᶡ ᵫᵡᶩᶝᵸᵫᴲᵼᶫᶨᶎᶿḟ᷿ḯḻᶆᵡᶪᵪᴲᵡᶝᶩ

ᵴᶫᶉᵣᴲᶝᵾᶎ SYCL 2020 ᶆᶎ᷊ḥᴻḐᵴᶫᶅ ᶉrᵣᶡᶍᶆᵸ  G

 

4.  SYCL 2020 ᶆᶎ  ( mutable  ᶉᶈ) ᶎ ᵴᶫᶅᵣᶉ

ᵣᵾᶠᴲ᷊ḻḟḳ᷈ᴻḑᶊᶎּךᶡ ᵴᶫᶝᵺᶲᴳ 

 

5.  ᶍ ᶎ᷊ḥᴻḐᵴᶫᶅᵣᶝᵸᵫᴲ᷀ᴻḕḳᶆᶎ ᵫ᷊ḥ

ᴻḐᵴᶫᶅᵣᶉᵣᵾᶠᴲ ᵸᶪ ᶎ noexcept  ᶊᵸᶪ

ᵫᵡᶩᶝᵸ  G

 

6.  ḱḨḈ ᵫ᷊ḥᴻḐᵴᶫᶅᵩᶩᴲ᷀ᴻḕḳᶍ᷈ḻḙᶹḳ ᶱ

ᵸᶪᵾᶠᶊ ᶆᵬᶝᵸᴳᵾᶇᵧᶏᴲ

reqd_work_group_size  ᶎᴲ᷀ᴻḕḳᶊ ᶍḷᴻ᷄᷅

ḳᴻḟᴴ᷊ᶹḂᶱ ᵸᶪᶍᶊ ᶆᵬdƎevice_has  ᶎ᷀

ᴻḕḳᶊ ᶍḏḘᶹḁᶷḁḢ᷄Ḑᶱ ᵸᶪᶍᶊ ᶆᵬᶝᵸᴳ  

 12 ᶆᶎᴲ ᶇᶷḁḢ᷄Ḑᶱ ᵶᵾ᷀ᴻḕḳᶍ ᶊטּ

ᵸᶪ ᶱ ᵶᶝᵸ  G

 

7.  ᶩ ᶍ ᶎ ᶆᵬᶝᵸᵫ vƎoid  ∙ ᶍ ᶩ ᶎ᷀ᴻḕḳ

ᶆᶎ᷊ḥᴻḐᵴᶫᶅᵣᶉᵣᵾᶠᴲ ᵸᶪ ᶎ void  ᶊᵸᶪ

ᵫᵡᶩᶝᵸ  G
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ḱḨḈᴴ᷂ḫḟḉḫ:ᴻ ∆ ᶝᵾᶎ ᵪ? 

 

╗ ᶍ C++ ḁḇᶹḳ᷁ᶹḑᶆᶎᴲ ᶊḱḨḈ ᵫḁ᷈ᴻḟ ᶱⱢᵧᶪ

ᴲḈḻ᷅Ḳḻ᷅ᴴḥᶹḻḇᴻᶍ ᵫ ᵸᶪּס ᵫᵡᶪᵾᶠᴲḱḨ

Ḉ ᶍ∆  (ᶝᵾᶎḏḝᶾḳḐ) ᷂ḫḟḉḫᴻᶱ ᵶᶅᵣᶝᵺᶲᴳ᷀ᴻ

ḕḳḱḨḈᶎḣḁḐ᷈ᴻḑᶇᶎ ᶊḏḘᶹḁ ᶆ ᶊ ᵴᶫᶪᵾ

ᶠᴲḱḨḈᶱ ᵶᶅ᷀ᴻḕḳᶱ ᵸ ᶡ ᵷ ᵫ ᵸᶪּס ᵫ

ᵡᶩᶝᵸ  G

 

∆ ᶉ᷂ḫḟḉḫᴻᶎ ᶆ ᶆᵡᶪᵾᶠSƎYCL ᷀ᴻḕḳᶆᶎ╗

ᶉ ᶆᵡᶩᴲ ᶆᶡ ᶊ ᵶᶅᵣᶝᵸᵫᴲ∆ ᶉ᷂ḫḟ

ḉḫᴻᶍ ᵴᶱ ᵸᶪᵪᴲ ᶉ᷂ḫḟḉḫᴻᶍ ᵴᶱ ᵸᶪ

ᵪᶎ ᵾᶀᵫ ᶆᵬᶝᵸ  G

 

 

᷀ᴻḕḳḱḨḈ ᶍ  

 

᷀ᴻḕḳᵫḱḨḈ ᶇᵶᶅ ᵴᶫᶅᵣᶪ ᴲ ᵸᶪ ᶍᵡᶪ ᵫᶡᵥ 

1 ᶃᵡᶩᶝᵸᴳḱḨḈ ᶎ ᶆᵡᶪᵾᶠᴲḱḨḈ ᶇᵶᶅ ᵴᶫᵾ᷀ᴻḕḳᶱ

╗≥ᶊ ᵸᶪᶊᶎ SƎYCL ᶆᶎ ᶉ᷀ᴻḕḳ ḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻ

ᵫ ᶊᶉᶪᵲᶇᵫᵡᶩᶝᵸ  G 

 
// ᵲᶍ ᶆᶎ  Ǝ "class Add" ᶎ᷀ᴻḕḳḱḨḈ ᶊ ᶱ ᵰᶝᵸ  G

h. parallel_for <class   Add>(size, [=]( id <1> i ) {  

 data_acc [i] = data_acc [i] + 1;  

});  

 
 10 - 4.  ᷀ᴻḕḳḱḨḈ ᶍ  
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᷀ᴻḕḳḱḨḈ ᶊ ᶱ ᵰᶪᵲᶇᶎᴲ᷀ᴻḕḳᵫ ᶍḏḘᶹḁᴴ᷈ᴻḑᴴ᷈ḻ

ḙᶹḱᴻᶊᶧᶂᶅ᷈ḻḙᶹḳᵴᶫᵾᶇᵬᶊᴲḣḁḐᴴ᷈ᴻḑᴴ᷈ḻḙᶹḱᴻᵫᶈᶍ᷀ᴻ

ḕḳᶱ ᶒ ᵸᵪᶱ ᵸᶪ ᶆᵸᴳ᷀ᴻḕḳḱḨḈᶊ ᶱ ᵰᶪᶇᴲ  

10 -9  ᶍᶧᵥᶊᴲ᷈ḻḙᶹḳᵴᶫᵾ᷀ᴻḕḳᶍ ᶍ ᶣᴲ ᶊᶧᶪ᷀ᴻḕ

ḳᶍ ᶡּס ᶊᶉᶩᶝᵸ  G

 

᷀ᴻḕḳ ḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᵫ ᶉ ᴲᶧᶩ ᶉ᷈ᴻḑᶱ᷊ḥ

ᴻḐᵸᶪᵾᶠᴲᶚᶇᶲᶈᶍ SYCL 2020 ᷈ḻḙᶹḱᴻᶆᶎ᷀ᴻḕḳ ḎḻḟḴᴻ

Ḑᴴḙḱḩᴻḇᴻᶎᶿḟ᷿ḯḻᶆᵸᴳ᷀ᴻḕḳ ḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᵫ ᶉ

ᵣ ᶎᴲ  10 -5  ᶊ ᵸᶧᵥᶊᴲ᷈ᴻḑᶱ᷈ḻḙ᷄Ḑᶊᶆᵬᶝᵸᴳ 

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

 data_acc [i] = data_acc [i] + 1;  

});  

 
 10 - 5.  ᷀ᴻḕḳḱḨḈ ᶍ  

 

ḱḨḈ ᶍ᷀ᴻḕḳ ḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᶎᵡᶝᶩ ᶉᵣᵾᶠᴲ

ᶎ ḱḨḈᵪᶨ ᵶᴲ᷀ᴻḕḳ ḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᵫ ᶉ ᶍ

ᶊᶍᶞ᷀ᴻḕḳ ᶱ ᵶᶝᵸנּ  G

᷀ᴻḕḳ ḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᵫ ᶉᵣ ᴲ ᶱ ᶨᵸᵾᶠᶊ

᷀ᴻḕḳḱḨḈᶱ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳ 

ᵬ ᶿḞḀᶼ᷄Ḑᶍ᷀ᴻḕḳ 
 

ᵬ ᶿḞḀᶼ᷄Ḑ (ḝᶶḻ᷄ḇ ᶇᴻᶡ ᶏᶫ )ᶅ ᶎᴲ ᶊ ᵴᶫᵾᶹ

ḻḇᴻḝᶼᶹḁᶱ┐ ᵶᶉᵫᶨ ≥ᶍḏᴻḇ ᶱ ᵸᶪ C++ ᶆ ᵴᶫᵾ

ḙḇᴻḻᶆᵸᴳ᷀ᴻḕḳᶱ ᵸᶍᶊ ᵴᶫᶪ ᴲ ᵬ ᶿḞḀᶼ᷄Ḑᶍ

ḩḻḘᴻ ᶎ᷀ᴻḕḳᵫ ᶆᵬᶪ ᶱ ᵶᴲᶿᴻḘᴻḵᴻḑᵴᶫᵾ

ᶒ ᵶ operator()  ᵫ ḁḢᴻḁ ᶍ ḷᴻ᷄ ᶊ ᵶᶅ ᶒ ᵴ

ᶫᶝᵸ  G 
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ᵬ ᶿḞḀᶼ᷄Ḑᶆ᷀ᴻḕḳᶱ ᵸᶪᶊᶎᴲḱḨḈ ᶧᶩᶡ ᵮᶍ᷈

ᴻḑᵫ ᶆᵸᵫᴲ ᵫ ᵴᶫᶪᵲᶇᶆᴲᶧᶩנּ ᶉ ᶇ נּ ᵫ

ᵴᶫᶝᵸᴳᵾᶇᵧᶏᴲ᷀ᴻḕḳᵫ ᵸᶪḘḋḝᶶᴻᶣḏᴻḇ ᶎᴲḱḨḈ ᶊ

ᶧᶂᶅ ᶊ᷂ḫḟḉḫᴻᵴᶫᵹᴲ᷀ᴻḕḳᶊ ᶊ ᵸ ᵫᵡᶪᵾᶠᴲ

ᵬ ᶿḞḀᶼ᷄Ḑᶇᵶᶅ ᵴᶫᶪ᷀ᴻḕḳᶍ ᶣ ᶍטּ ᵫ

ᶉ ᵫᵡᶩᶝᵸ  G

 

ᵬ ᶿḞḀᶼ᷄Ḑᶇᵶᶅ ᵴᶫᵾ᷀ᴻḕḳᶎᴲḏḘḋ᷅ᶣ ᵫ

⌐ᶊᶉᶩᴲ ᶍḠḋḈᴻḝᶶᶹḳᶣḱᶹḞḱḲᴻᶍ╗ ᶇᵶᶅḲḲᴻḁᵴᶫᶪ

ᶡᵡᶩᶝᵸ  G

 

ᶊᴲ ᵬ ᶿḞḀᶼ᷄Ḑᶎ ᶍ C++ ᷄ḱḁᶇ ᵷᶆᵡᶪᵾᶠᴲ

ᵬ ᶿḞḀᶼ᷄Ḑᶇᵶᶅ ᵴᶫᶪ᷀ᴻḕḳᶎḎḻḟḴᴻḐּטᶆᵬᶝᵸᴳ

C++20 ᶆᶎḎḻḟḴᴻḐּטᵴᶫᵾḱḨḈ ᵫ ᵴᶫᶝᵶᵾᵫCƎ++17 ᶱḡנּ

ᴻḁᶊᵶᵾ SYCL 2020 ᶍ᷀ᴻḕḳᶆᶎḎḻḟḴᴻḐּטᵴᶫᵾḱḨḈ ᶎ᷊ḥ

ᴻḐᵴᶫᶅᵣᶝᵺᶲ  G

 

᷀ᴻḕḳ ᵬ ᶿḞḀᶼ᷄Ḑᶍ  

 

 10 -6  ᶍ᷈ᴻḑᶎᴲ ᵬ ᶿḞḀᶼ᷄Ḑᶇᵶᶅ ᵴᶫᶪ᷀ᴻḕḳᶍ╗

ᶉ ᶱ ᵶᶅᵣᶝᵸᴳᵲᶍ ᶆᶎᴲ᷀ᴻḕḳᶗᶍḙḱḩᴻḇᴻᶎ᷄ḱḁᴴ

᷈ḻḁḐḱ᷄ḇᴻᶊ ᵴᶫᴲ᷀ᴻḕḳ ᶎᶿᴻḘᴻḵᴻḑᵴᶫᵾ ᶒ ᵶ 

operator()  ᶊᵡᶩᶝᵸ  G 
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class Add {  

public:  

 Add( accessor <int > acc) : data_acc (acc) {}  

  void  operator()( id <1> i) const  {  

   data_acc [i] = data_acc [i] + 1;  

 }  

 

private:  

 accessor <int > data_acc;  

};  

 

int  main () {  

constexpr  size_t  size = 16;  

std ::array< int , size> data;  

 

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

data [i] = i;  

}  

 

{  

buffer  data_buf{data};  

 

queue  q;  

std ::cout  

<< "Running on device: "  

<< q. get_device (). get_info <info :: device ::name>()  

<< " \ n" ;  

 

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

 accessor  data_acc{data_buf, h};  

 h. parallel_for (size, Add(data_acc));  

});  

}  

// ...  

 
 10 - 6.  ᵬ ᶿḞḀᶼ᷄Ḑᶍ᷀ᴻḕḳ 

 

᷀ᴻḕḳᵫ ᵬ ᶿḞḀᶼ᷄Ḑᶇᵶᶅ ᵴᶫᶪ ᴲ ᵬ ᶿḞ

Ḁᶼ᷄Ḑ ᶎḏḘᶹḁᶆ᷈Ḝᴻּס ᶊᶉᶪᵾᶠᶊ SYCL 2020 ᶍ ᶊ ᵥ

ᵫᵡᶩᶝᵸᴳ ᶊᶎᴲᵲᶫᶎᴲ ᵬ ᶿḞḀᶼ᷄ḐᶱḘᶹḐᵳᶇᶊ↨

ᶊ᷈Ḝᴻᶆᵬᴲ ᵬ ᶿḞḀᶼ᷄ḐᶍḩḻḘᴻ ᶱḏḘᶹḁ ᶆ ᵴᶫ

ᶪ᷀ᴻḕḳ᷈ᴻḑᶊ ᵶᶅᶷ᷄ḃḁᶆᵬᶪᵲᶇᶱ≥ ᵶᶝᵸᴳ ᶊ᷈Ḝᴻּס ᶉ 

C++ ᶎᴲ∆ ᶊḏḘᶹḁ᷈Ḝᴻּס ᶆᵸᴳ 
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ᶿᴻḘᴻḵᴻḑᵴᶫᵾ ᶒ ᵶ operator()  ᶗᶍ╥ ᶎᴲḱḨḈ ᶇᵶ

ᶅ ᵴᶫᶪ᷀ᴻḕḳᶇ ᶊᴲ᷀ᴻḕḳᶍ ᶊᶧᶂᶅ│ᶉᶩᶝᵸᴳ 

 

 10 -7  ᶍ᷈ᴻḑᶎᴲ ᵬ ᶿḞḀᶼ᷄Ḑᶇᵶᶅ ᵴᶫᵾ᷀ᴻḕḳᶆᴲ

reqd_work_group_size  ᶉᶈᶿḟ᷿ḯḻᶍ᷀ᴻḕḳ ᶱ ᵸᶪ

ᶱ ᵶᶅᵣᶝᵸᴳ᷀ᴻḕḳᵫ ᵬ ᶿḞḀᶼ᷄Ḑᶇᵶᶅ ᵴᶫᶅᵣᶪ

ᴲᶿḟ᷿ḯḻᶍ᷀ᴻḕḳ ᶊᶎ 2 ᶃᶍ ᶉ∞ ᵫᵡᶩᶝᵸᴳᵲᶫᶎᴲᶿḟ᷿

ḯḻᶍ᷀ᴻḕḳ ᶍ∞ ᵫ 1 ᶃᵿᵰ ᶉḱḨḈ ᶇᵶᶅ ᵴᶫᵾ᷀ᴻḕḳ

ᶇᶎ│ᶉᶩᶝᵸ  G

 
class  AddWithAttribute  {  

 public:  

 AddWithAttribute ( accessor <int > acc ) : data_acc (acc) {}  

  [[ sycl :: reqd_work_group_size (8)]] void   operator() (  

   id <1> i ) const  {  

  data_acc [i] = data_acc [i] + 1;    

 }  

 
private:  

 accessor <int > data_acc;  

};  

 

class  MulWithAttribute  {  

 public:  

 MulWithAttribute ( accessor <int > acc ) : data_acc (acc) {}  

 void  operator()  

 [[ sycl :: reqd_work_group_size (8)]] ( id <1> i) const  {  

  data_acc [i] = data_acc [i] * 2;  

 }  

 

private:  

 accessor <int > data_acc;  

};  

 
 10 - 7.  ᵬ ᶿḞḀᶼ᷄Ḑᶆᶿḟ᷿ḯḻ ᶱ  

 

ᵸᶘᶅᶍ ᶿḞḀᶼ᷄Ḑᶊᶎ ᵫ ᵰᶨᶫᶅᵣᶪᵾᶠᴲ ᶿḞḀᶼ᷄Ḑᵫ

ḎḻḟḴᴻḐּטᵴᶫᶅᵣᶪ ᶆᶡᴲḣḁḐᴴ᷈ᴻḑᴴ᷈ḻḙᶹḱᴻᶎ ᶿḞḀᶼ

᷄Ḑᶍḇᶹḟᶱ ᵶᶅᴲḏḘᶹḁᴴ᷈ᴻḑᴴ᷈ḻḙᶹḱᴻᶆ ᵴᶫᵾ᷀ᴻḕḳ᷈

ᴻḑᶱ ᶆᵬᶝᵸ  G᷀ᴻḕḳ ᶿḞḀᶼ᷄Ḑᶊ ᶱ ᵰᶪᶊᶎᴲ ᶍ᷀ᴻנּ

ḕḳ ḎḻḟḴᴻḐᴴḙḱḩᴻḇᴻᶎ ᵡᶩᶝᵺᶲᴳ 
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᷀ᴻḕḳḘḻḑḳ ᶍ᷀ᴻḕḳ 
 

SYCL ᷀ᴻḕḳᶊ ᵶᶅ ᶂᶅᵩᵮᶘᵬ ᶍḐḜḋ᷄ᶎᴲSYCL ᷀ᴻḕḳᴴᶿ

ḞḀᶼ᷄Ḑᶇ SYCL ᷀ᴻḕḳḘḻḑḳᶊ ᵸᶪᶡᶍᶆᵸᴳ᷀ᴻḕḳᴴᶿḞḀᶼ᷄Ḑᶇ

᷀ᴻḕḳḘḻḑḳᶍ ᶎᴲ╗ ᶉᶷḟḲ᷆ᴻ᷿ḯḻ ᶊᶎ ᵡᶩᶝᵺᶲᵫᴲ

ᶷḟḲ᷆ᴻ᷿ḯḻᶍḙḝᶾᴻḦḻḁᶱ ᵸᶪᶇᵬᶊ ᶃᵲᶇᵫᵡᶩᶝᵸᴳᶝᵾᴲ

SYCL ᶊᶧᶂᶅ᷀ᴻḕḳᵫᶈᶍᶧᵥᶊ ᵴᶫᴲ ᵴᶫᶪᵪᶱ ᵸᶪᶍ

ᶊᶡ ᶀᶝᵸ  G 

 

SYCL ᷀ᴻḕḳḘḻḑḳᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶆ ᵴᶫᶪ SYCL ᷀ᴻḕḳᶝ

ᵾᶎ SYCL ᶍ᷈ḻḎḒᴻᶆᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻ ᶍ᷀ᴻḕḳḘḻḑḳᶍ

ᶎ SƎYCL ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ│ᶉᶩᶝᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᶊᶧᶂᶅᶎᴲ ᶍ

᷀ᴻḕḳᵫᵡᶂᶅᶡ᷀ᴻḕḳḘḻḑḳᵫ 1 ᶃᵶᵪᶉᵣ ᵫᵡᶩᶝᵸᴳᶝᵾᴲ᷀ᴻ

ḕḳᵫ ᶆᵡᶂᶅᶡ᷀ᴻḕḳḘḻḑḳᵫ ᵸᶪ ᶡᵡᶩᶝᵸᴳ 

 

SYCL ᷀ᴻḕḳḘḻḑḳᶇᵼᶫᶊ ᶝᶫᶪ᷀ᴻḕḳᶝᵾᶎ ᶎᴲ ᶍ 3 ᶃᶍ

ᶍᵣᵹᶫᵪᶆ :н 

 

 ɯ : ᵲᶍ ᶍ᷀ᴻḕḳḘḻḑḳᶎ ᴲּךᶨᵪᶍ

ᶊᶉᶂᶅᵩᶩᴲḏḘᶹḁ ᶆ ᵸᶪ ᶊḀḫḁḐᶹḻḇᶹḨ (JIT) 

᷈ḻḙᶹḳᵸᶪ ᵫᵡᶩᶝᵸ G

 

 ɯ ᶿḞḀᶼ᷄Ḑ : ᵲᶍ ᶍ᷀ᴻḕḳḘḻḑḳᶎ ᴲḣḁḐᶍᶷ

ḟḲ᷆ᴻ᷿ḯḻᴴ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ ᵴᶫᵾᶿḞḀᶼ᷄Ḑᴴḝᶶ

ᶹḳᶇ ᶊ᷈ḻḙᶹḳᵴᶫᶝᵸᵫᴲḲḻ᷄ᶎᵴᶫᶝᵺᶲᴳ 

 

 ɯ : ᵲᶍ ᶍ᷀ᴻḕḳḘḻḑḳᶎḏḘᶹḁ᷈ᴻḑᶊ ᶊ᷈

ḻḙᶹḳᵴᶫᶅᵩᶩᴲḏḘᶹḁ ᶆ ᵸᶪ ᵫᶆᵬᶅᵣᶝᵸᴳḣ

ḁḐᴴᶷḟḲ᷆ᴻ᷿ḯḻᶍ᷈ḻḙᶹḳ ᶊ (AOT) ᷈ḻḙᶹḳᵴ

ᶫᶪ᷀ᴻḕḳḘḻḑḳᶎᵲᶍ ᶊᶉᶩᶝᵸᴳ 
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ᶊᶧᶫᶏ ᶆᶎᵡᶩᶝᵺᶲᵫᴲ ᵮᶍ SYCL ᷈ḻḙᶹḱᴻᶎᴲ ᶍ 

SYCL ḏḘᶹḁᶗᶍ┌ ᶱ ᵸᶪᵾᶠᴲ ᶊ᷀ᴻḕḳᶱ ᶊ᷈ḻḙ

ᶹḳᵶᶝᵸᴳᵲᶫᶎᴲ ᴲᶷḟḲ᷆ᴻ᷿ḯḻᴴ᷀ᴻḕḳᴴḘḻḑḳᵫᴲ ᶎ

ᶊᵡᶪᵲᶇᶱ≥ ᵶᶝᵸᴳ ᶊᴲ ᵮᶍ SYCL ḱḻḇᶹḨᴴḱᶹḞḱḲᴻᶎᴲ

ᶊꞌᵷᶅ᷀ᴻḕḳḘḻḑḳᶱ ᵪᶨ סּ ᶊ ᴾ Ⱬ R᷈ḻḙᶹḳᵶ

ᶝᵸ  G

 

ᵲᶫᶎ ᴲ ᵴᶫᶉᵣ᷀ᴻḕḳᶱ᷈ḻḙᶹḳᵶᶉᵣᵾᶠᴲᶷḟḲ᷆ᴻ᷿ḯḻ

ᶍ ᶱ ᵸᶪטּ ᶉḥḲ᷿ᴻᶆᵡᶪᶇ ᵧᶝᵸᴳᵾᵿᵶᴲᵲᶍḥḲ᷿ᴻᶍ

ᶎᴲ᷀ᴻḕḳᶱ ᶊ ᵸᶪᶇᵬᶊᴲ᷀ᴻḕḳᶱ᷈ḻḙᶹḳᵸᶪ ᶇ᷀ᴻḕ

ḳᶱ ᵶᶅ ᵸᶪ ᶉ ᶍ ᵫ ᶝᶫᶪᵾᶠᴲ ᵫᵪᵪᶪᵲᶇ

ᶆᵸᴳ ᶉ᷀ᴻḕḳᶆᶎᴲ᷀ᴻḕḳᶍ᷈ḻḙᶹḳᶊ ᵸᶪ ᵫ ᶊ ᵮᶉᶪ

סּ ᵫᵡᶪᵾᶠᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍḵᴻḑ ᶉᶈᶷḟḲ᷆ᴻ᷿ḯḻ ᶍ

ᶍḥᶹḻḐᴲᶝᵾᶎ ᶍḘḋ᷄᷅ḱᶻḻḑᴴḁḴḋḑᶊ᷈ḻḙᶹḳᶱ┌ ᵸᶪᵲᶇᵫ

ᶝᵶᵣ ᵫᵡᶩᶝᵸ  G

 

᷀ᴻḕḳᶱᵣᶃᶈᶍᶧᵥᶊ᷈ḻḙᶹḳᵸᶪᵪᴲᶧᶩ ᵪᵮ ᵸᶪᵾᶠ᷀ᴻḕḳ

ᶱ᷂ḭᴻᶊ ᵸᶪ ᶊᴲ᷀ᴻḕḳḘḻḑḳᶱ᷈ḻḙᶹḳᵸᶪᶧᵥ ᶊ ᶆ

ᵬᶝᵸᴳ ᷈ḻḙᶹḳᵴᶫᵾ᷀ᴻḕḳḘḻḑḳᶎᴲ᷀ᴻḕḳᵫ ᶍᵾᶠᶊ᷂ḭ

ᴻᶊ ᵴᶫᶪᶇ ᶆᵬᶝᵸᴳ  10 -8  ᶎᴲ᷀ᴻḕḳᵫ᷂ḭᴻᶊ ᵴᶫᶪ

ᶊᶷḟḲ᷆ᴻ᷿ḯḻᶆ ᵴᶫᶪᵸᶘᶅᶍ᷀ᴻḕḳᶱ᷈ḻḙᶹḳᵸᶪ ᶇᴲ᷈ḻ

ḙᶹḳ ᶞᶍ᷀ᴻḕḳḘḻḑḳᶱ ᵸᶪ ᶱ ᵶᶅᵣᶝᵸᴳ  
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auto  kb = get_kernel_bundle <bundle_state :: executable >(  

    q. get_context ());  

 

std ::cout  

<< "All kernel compilation should be done now. \ n" ;  

 

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

 // ᷀ᴻḕḳḘḻḑḳᵪᶨ ᷈ḻḙᶹḳᵴᶫᵾ᷀ᴻḕḳᶱ ᵶᶝᵸᴳ  

 h. use_kernel_bundle (kb);  

 

 accessor  data_acc{data_buf, h};  

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

 data_acc [i] = data_acc [i] + 1;  

 });  

});  

 
 10 - 8.  ᷀ᴻḕḳḘḻḑḳᶱ ᵶᶅ᷀ᴻḕḳᶱ ᶊ᷈ḻḙᶹḳ 

 

ᵲᶍ ᶆᶎ SƎYCL ᷂ḭᴻᶊ ᵰᶨᶫᵾ SYCL ᷈ḻḎ᷂ḁḐ ᶍᵸᶘᶅᶍ

ḏḘᶹḁᶊ ᵶᶅᴲ סּ ᶍ᷀ᴻḕḳḘḻḑḳᶱ ᵶᶝᵸᴳᵲᶫᶊᶧᶩᴲᶷ

ḟḲ᷆ᴻ᷿ḯḻ ᶍᵸᶘᶅᶍ᷀ᴻḕḳᵫᶝᵿ סּ ᶊᶉᶂᶅᵣᶉᵣ ᴲ

ḀḫḁḐᶹḻḇᶹḨᴴ᷈ḻḙᶹḳᵴᶫᶝᵸᴳᵲᶍ ᶆᶎᴲ᷀ᴻḕḳᶎ ᶊ ᵣᵾᶠᴲ

᷈ḻḙᶹḳᶊ ᶎᵪᵪᶩᶝᵺᶲᵫᴲ᷀ᴻḕḳᶍ ᵫ ᵣ ᶣᴲ᷀ᴻḕḳᵫ

ᶉ ᶎᴲᵲᶍ ᶊᵪᶉᶩᶍ ᵫᵪᵪᶪּס ᵫᵡᶩᶝᵸᴳᶡᶀᶬᶲᴲᵸᶘᶅ

ᶍ᷀ᴻḕḳᵫ ᶊ᷈ḻḙᶹḳᵴᶫᶅᵣᵾᶩᴲᵸᶘᶅᶍ᷀ᴻḕḳᵫᵸᶆᶊḀḫḁḐ

ᶹḻḇᶹḨᴴ᷈ḻḙᶹḳᵴᶫᶅᵣᶪ ᴲᵸᶘᶅᶍ᷀ᴻḕḳᵫᵸᶆᶊ סּ

ᶊᶉᶂᶅᵣᶪᵾᶠᴲᵲᶍ ᶊᶎ ᶊ᷈ḁḐᵫ ᵶᶝᵺᶲᴳ 

 

᷀ᴻḕḳᶱᵣᶃᴲᶈᶍᶧᵥᶊ᷈ḻḙᶹḳᵸᶪᵪᵴᶨᶊ ᵪᵮ ᵶᵾᵣ ᴲ

ᶍḏḘᶹḁᴲᶝᵾᶎḟḵ᷅ḱḨ ᶍ ᶍ᷀ᴻḕḳᶍ᷀ᴻḕḳḘḻḑḳᶱ ᶆ

ᵬᶝᵸᴳᵲᶫᶊᶧᶩᴲḟḵ᷅ḱḨ ᶍ᷀ᴻḕḳᶍ╗ ᶱ ᶊ ᷈ḻḙᶹḳᵶᴲ

ᶍ᷀ᴻḕḳᶎ ᶆᴲᶝᵾᶎ ᶊꞌᵷᶅ᷈ḻḙᶹḳᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ  

 10 -9  ᶎᴲḟḵ᷅ḱḨ ᶍᵸᶘᶅᶍ᷀ᴻḕḳᶇ SYCL ᷈ḻḎ᷂ḁḐ ᶍᵸᶘᶅ

ᶍḏḘᶹḁᶆᶎᶉᵮᴲ᷄ḱḁ Add ᷀ᴻḕḳ ᶊᶧᶂᶅ ᵴᶫᶪ᷀ᴻḕḳᶍᶞᴲ

ᵩᶧᶒ SYCL ᷂ḭᴻᶊ ᵰᶨᶫᵾ SYCL ḏḘᶹḁᶍᶞᶱ᷈ḻḙᶹḳᵸᶪ

ᶱ ᵶᶅᵣᶝᵸ  G
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auto  kid = get_kernel_id <class  Add>();  

auto  kb = get_kernel_bundle <bundle_state :: executable >(  

q. get_context (), { q. get_device ()}, {kid});  

 

std ::cout << "Kernel compilation should be done now. \ n" ;  

 

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

// ᷀ᴻḕḳḘḻḑḳᵪᶨ ᷈ḻḙᶹḳᵴᶫᵾ᷀ᴻḕḳᶱ ᵶᶝᵸᴳ  

h. use_kernel_bundle (kb);  

 

accessor  data_acc{data_buf, h};  

h. parallel_for <class  Add>( range {size}, [=]( id <1> i ) {  

 data_acc [i] = data_acc [i] + 1;  

});  

});  

 
 10 - 9.  ᷀ᴻḕḳḘḻḑḳᶱ ᵶᶅ᷀ᴻḕḳᶱ ᵪᶃ ᶊ᷈ḻḙᶹḳ 

 

ᵲᶫᶎᴲ᷀ᴻḕḳḱḨḈ ᶊ ᶱ ᵰᶪ ᵫᵡᶪᴲᶡᵥ 1 ᶃᶍᶝᶫᶉ᷆ᴻḁ

ᶆᵸᴳ ᵶᶉᵣᶇᴲ᷈ḻḙᶹḳᵸᶪ᷀ᴻḕḳᶱ ᵸᶪ ᵫᵡᶩᶝᵺᶲᴳ 

᷀ᴻḕḳḘḻḑḳᶱ ᵶᶅᴲᶷḟḲ᷆ᴻ᷿ḯḻᶆ᷀ᴻḕḳᶱ ᶈᵩᶩᶊ᷈ḻ

ḙᶹḳᵶᶝᵸ  G

᷀ᴻḕḳḘḻḑḳ ᶍ᷀ᴻḕḳᶎᴲ᷈ḻḙᶹḳᵴᶫᵾ᷀ᴻḕḳᶍ ᶱ ᵸᶪ

ᵾᶠᶊᶡ ᶆᵬᶝᵸᴳᵾᶇᵧᶏᴲ ḏḘᶹḁᶍ᷀ᴻḕḳᶍ ḷᴻ᷄᷅ḳᴻḟᴴ

᷊ᶹḂᶱ ᶆᵬᶝᵸᴳ ᶊᶧᶂᶅᶎᴲ᷀ᴻḕḳᶇ ᶍḏḘᶹḁᶊ ᶉ ᶱ

ᵸᶪᵾᶠᴲᵲᶍᶧᵥᶉḇᶹḟᶍ᷀ᴻḕḳᶍ ᵫ ᶊᶉᶪᵲᶇᵫᵡᶩᶝᵸᴳ

ᶊᶧᶂᶅᶎᴲ᷀ᴻḕḳᶍ ᵪᶨḚḻḐᶱ ᶪᵲᶇᶆᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫ᷀ᴻ

ḕḳᶇ ᶍḏḘᶹḁᶊ ᶉ ᶱ ᶊ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ 

 

᷀ᴻḕḳᶱ ᵶᴲ᷈ḻḙᶹḳᵴᶫᵾ᷀ᴻḕḳḘḻḑḳᵪᶨ᷀ᴻḕḳᴴᶿḞḀᶼ᷄

Ḑᶱ ᵶᴲᵼᶍ᷀ᴻḕḳᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶅḏḘᶹḁ ᶍ ᶱ ᵸᶪ

ᶉḩ᷀ḓḂḨᶱ  10 -10  ᶊ ᵶᶝᵸ  G סּ ᶉ᷀ᴻḕḳ᷄ᶽḲᴻᶍ

ᶉḲḁḐᶊᶃᵣᶅᶎᴲ 12 ᶆ ᵶᶝᵸ  G
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auto  kid = get_kernel_id <class  Add>();  

auto  kb = get_kernel_bundle <bundle_state :: executable >(  

q. get_context (), { q. get_device ()}, {kid});  

auto   kernel = kb . get_kernel (kid);  

 

std ::cout  

<< "The maximum work - group size for the kernel and " "this device is: "  

<< kernel . get_info <info :: kernel_device_specific ::  

                       work_group_size>(  

q. get_device ())  

<< " \ n" ;  

 

std ::cout  

<< "The preferred work - group size multiple for the  ᴂ  

"kernel and this device is: "  

<< kernel . get_info <  

info :: kernel_device_specific ::  

preferred_work_group_size_multiple>(  

q. get_device ())  

<< " \ n" ;  

 
:  

Running on device: NVIDIA GeForce RTX 3060  

The maximum work - group size for the kernel and this device is: 1024  

The preferred work - group size multiple for the kernel and this device is: 32  

 

:  

Running on device: Intel(R) Data Center GPU Max 1100  

The maximum work - group size for the kernel and this device is: 1024  

The preferred work - group size multiple for the kernel and this device is: 16  

 

:  

Running on device: Intel(R) UHD Graphics 770  

The maximum work - group size for the kernel and this device is: 512  

The preferred work - group size multiple for the kernel and this device is: 64  

 
 10 - 10.  ᷀ᴻḕḳḘḻḑḳ ᶍ᷀ᴻḕḳᶍ  

 

ᵲᶫᶎᴲ᷀ᴻḕḳḱḨḈ ᶊ ᶱ ᵰᶪ ᵫᵡᶪᴲᶡᵥ 1 ᶃᶍᶝᶫᶉ᷆ᴻ

ḁᶆᵸᴳ ᵶᶉᵣᶇᴲ ᵸᶪ᷀ᴻḕḳᶱ ᵸᶪ ᵫᵡᶩᶝᵺᶲᴳ  
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ᶍ API ᶇᶍ ◖  
 

SYCL ᵫ ᶍ API ᶊ ᵴᶫᶪᶇᴲᵼᶍ ᶎᴲ ᶇᶉ ᶅAPI ᶍḩ᷀

ḓḂḨᶱ ᵶᶅ ᵴᶫᵾ᷀ᴻḕḳᶇ ◖ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳᵲᶫᶊ

ᶧᶩᴲᶷḟḲ᷆ᴻ᷿ḯḻᶎᴲ ᶇᶉᶪ API ᶱᵸᶆᶊ ᵶᶅᵣᶪ ᶍ᷈ᴻḑḡ

ᴻḁᶊ SYCL ᶱ ᵪᶃ ᶊ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳᵲᶍḐḜḋ᷄ᶍ

ᶊᶃᵣᶅᶎᴲ  20 ᶆ᷀Ḙᴻᵶᶅᵣᶝᵸᴳᵲᶍ ᶆᶎᴲ ᶍḅᴻḁ ᶝᵾᶎ 

API ᶱ ᵶᶅ ᵴᶫᵾ᷀ᴻḕḳᶝᵾᶎ᷀ᴻḕḳḘḻḑḳᶇᶍ ◖ ᵫᴲ᷀

ᴻḕḳᶱ ᵸ  ᶅ3 ᶃ ᶍ ᶱ ᵸᶪᵲᶇᶱ ᵸᶪᵿᵰᶆ ᶆᵸ  G

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲ᷀ᴻḕḳᶱ ᵸᶪᵴᶝᵵᶝᶉ ᶱ ᵶᶝᵶᵾᴳ᷀ᴻḕḳᶱ 

C++ ḱḨḈ ᴲᶝᵾᶎ ᵬ ᶿḞḀᶼ᷄Ḑᶇᵶᶅ ᵸᶪᵲᶇᶆᴲSYCL 

ᶱ ᶍ C++ ᷈ᴻḑḡᴻḁᶊ᷿ᴻḨḴḁᶊ ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ

ᵶᵣ᷈ᴻḑḡᴻḁᶆᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶣḱᶹḞḱḲᴻᶍḓᴻḂᶊꞌᵷᶅ᷀ᴻ

ḕḳᶱ ᵸᶪ ᶉ ᶱ ᶆᵬᶪᶧᵥᴲᵴᶝᵵᶝᶉ᷀ᴻḕḳ ᶍ ᶇ

ᶊᶃᵣᶅᶡ ᵶᶝᵶᵾ  G

 

SYCL ᶷḟḲ᷆ᴻ᷿ḯḻᶆ᷀ᴻḕḳᵫᶈᶍᶧᵥᶊ᷈ḻḙᶹḳᵴᶫᴲᶝᵾ᷀ᴻḕḳ

Ḙḻḑḳ ᶍ᷀ᴻḕḳᶱ ᵶᶅ᷈ḻḙᶹḳḟḵḃḁᶱ ᵸᶪ ᶡ

ᵶᶝᵶᵾᴳᶚᶇᶲᶈᶍᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎᵲᶍḴḡḳᶍ ᶎ ᵡᶩᶝᵺᶲᵫᴲ

ᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪᶇᵬᶊ ᶂᶅᵩᵮᶇ ᶉ ᶆᵸᴳ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

  



 

 

 

 

 11  ḡ᷄Ḑḳᶇ  
 

 

ḡ᷄Ḑḳᶎḏᴻḇᶍ ᶆᵸᴳ᷈ḻḜḭᴻḇᴻᶍ ᶎ᷈ḻḜḭᴻḇᴻᴴḗᴻḑ

ᶻᶼᶷᶍ ᵪᶨ ᶝᶫᴲḏᴻḇᶎ ᵸᶪ᷅ḳᴻḟ (RGB Ḝ᷄ḃḳᶍ᷀ḱᴻḉ

ḫḕḳᶉᶈ) ᶆ ᵴᶫᶪᵲᶇᵫ ᵣᵾᶠᴲḡ᷄Ḑḳᵫ ᶃ ᵫᵡᶩᶝᵸᴳᵲ

ᶍ ᶎ ᶊ ᶆᵡᶪᵾᶠᴲᵴᶝᵵᶝᶉ SYCL ḡ᷄Ḑḳḇᶹḟᶇᵼᶍ

ᶊᶃᵣᶅ 1 ᶃᶍ ᶇᵶᶅ ᵶᶝᵸᴳḁ᷀ḱᴻⱳ ᶍḡ᷄ḐḳּטᶎḏḘᶹḁᶍ

ᶇ ᶊᶧᶂᶅ│ᶉᶪᵾᶠᴲᵲᶍ ᶆᶎ ᵶᵮ ᵶᶝᵺᶲᴳḁ᷀ḱᴻⱳ ᶍ

ḡ᷄Ḑḳּטᶊᶃᵣᶅᶎᴲ 16 ᶆ ᵶᶝᵸ  G

 

ᵲᶍ ᶆᶎᴲ∙ּזᶱ᷀Ḙᴻᵶᶝ :н 

 

 ɯ ḡ᷄Ḑḳ ᶇᶎּך ?χ  

 

 ɯ SYCL  ( marray ) ᶇḡ᷄Ḑḳ ( vec ) ᶍ┴ᵣᶎּךᵪ?  

 

 ɯ ᶇḡ᷄Ḑḳᶎᵣᶃᴲᶈᶍᶧᵥᶊ ᵸᶪ?χ  

 

ᶍ᷈ᴻḑ ᶱ ᵶᶅ ᶇḡ᷄Ḑḳᶊᶃᵣᶅ ᵶᴲᵲᶫᶨᶍ ᶱ ᵸ

ᶪ ᶆ ᶡ ᶉᵲᶇᶱ ᵶᶝᵸ G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_11 
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ḡ᷄Ḑḳ ᶍ ᵴ 
 

ḟḵ᷅ḱḧḻ᷅ᶍ ᶇקּ ᶱᵸᶪᶇᴲḡ᷄Ḑḳᶎ ᵮᶚᶈ ᶍ ᵣḐḜḋ

᷄ᶆᵸᴳ ᶍ ᶆᶎᴲᵲᶫᶎ ᶊᶧᶂᶅḡ᷄Ḑḳᶍ ᶣ ᵧ ᵫ│ᶉᶪᵾᶠ

ᶆᵸ  G

 

ᵲᶍ ᶆḡ᷄Ḑḳ ᶇ ᶕᶡᶍᶎᴲ ᵬᵮ ᵰᶅ 2 ᶃᶍ ᵧ ᵫᵡᶩᶝᵸ  G

 

1.  Ḝ᷄ḃḳᶍ RGB ᶝᵾᶎ YUV ᷀ḱᴻḉḫḕḳᶉᶈᴲ᷅ḳᴻḟᶇᵶᶅ

ᵩᶧᶒ ᵸᶪּס ᶍᵡᶪḏᴻḇᶱ᷅ḳᴻḟּטᵸᶪ ᶉḇ

ᶹḟᶆᵸᴳḜ᷄ḃḳ᷄ḱḁᶝᵾᶎ ᶱ ᵶᶅᴲᵼᶫᶊ + ᶉᶈᶍ

ⱳ ᶱ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᵫᴲᵲᶍḡ᷄Ḑḳ ᶊᶧᶂᶅᵸ

ᵯᶊᵲᶍ ᶱ ᶆᵬᶝᵸᴳ ᶉ ᶎ GPU ᶱḟḵ᷅ḱḨᵸᶪ

ᵮᶍ᷿ᶼᴻḈᴻ ᶆ ᶃᵪᶪᵾᶠᴲᵲᶫᶎ ᵮᶍ GPU 

ᶍ ᶆᶎ╗ ᶆᵸ  G

 

2.  ᷈ᴻḑᵫḗᴻḑᶻᶼᶷ ᶍ SIMD ( ╗ ᴲ ḏᴻḇ) ḃḋ

Ḑ ᶊᶈᶍᶧᵥᶊḦḋḟᵴᶫᶪᵪᶱ ᵸᶪḩ᷀ḓḂḨᶇᵶᶅᴳ  

ᵾᶇᵧᶏᴲ╗ ᶍ ᵩᶧᶒ ᶆᶎfƎloat8  ᶍ ᵫḗᴻḑᶻᶼ

ᶷ ᶍ 8 Ḵᴻḻ SIMD ᶊḦḋḟᵴᶫᶪּס ᵫᵡᶩᶝᵸᴳ

SIMD ḡ᷄Ḑḳ ᶎ CƎPU ᶍ ᶞ ᶞ ᶍ Ḵḡḳᶍ

ᶇᵶᶅ ᵮᶍ ᶆ ᵴᶫᶅᵩᶩᴲᵲᶍ ᵧ ᶎ ᵮᶍ CPU 

ᶍ ᶆᶎ╗ ᶆᵸ  G

 

ᵲᶍ 2 ᶃᶍḡ᷄Ḑḳ ᶍ ᶎ ᶊ│ᶉᶩᶝᵸᵫSƎYCL ᶣ ᶍ ᵫ 

CPU ᶇ GPU ᶍ ᶊ ᵴᶫᶪᶧᵥᶊᶉᶪᶇᴲ≥ ᵺᵹ ᶞ ᶮᵴᶩ ᵴ

ᶫᶪᶧᵥᶊᶉᶩᶝᵶᵾvGec ᷄ḱḁ (SYCL 1.2.1 ᶊ ᵶ SƎYCL 2020 ᶆᶡ

ᶝᵿ ) ᶎᴲᶈᶀᶨᶍ ᶇᶡ ᵫᵡᶩᶝᵸᵫmƎarray  ᷄ḱḁ (SYCL 

2020 ᶆ ) ᶎ SIMD ḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷ ᶇᶎ ᶉ ᶇᵶᶅ

ᶊ ᵴᶫᶅᵣᶝᵸ  G 
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ᵫטּ ᶊ ᶂᶅᵣᶝ :н SIMD  
 

SYCL 2020 ᶊᶎ 2Ǝ ᶍ  (SIMD ḦḋḜḻ )᷅ ᶊ ᶊ ᶒ

ᵰᶨᶫᵾḡ᷄Ḑḳ ᶎᶝᵿ ᶝᶫᶅᵣᶝᵺᶲᴳᵾᵿᵶᴲ ᶍᶷᴻ᷂Ḏ᷄ḉḫ

ᴻ ᶊ᷈ᴻḑᶱ ᵶᴲ᷈ḻḙᶹḱᴻᶊᶧᶪḡ᷄Ḑḳּטᵪᶨ ᶱ ᵶᵾᵣ

ḟḵ᷅ḱḦᴻ ᵰᶊ ᵴᶫᵾᴲḗᴻḑᶻᶼᶷ ᶍ SIMD ᶊ

Ḧḋḟᵸᶪ ᶉḡ᷄Ḑḳ᷈ᴻḑᶱ ᶆᵬᶪ ᵫᵸᶆᶊ ≥ᵴᶫ

ᶅᵣᶝᵸᴳᶝᵾ2Ǝ ᶍ ᶱ᷀Ḙᴻᵸᶪᵾᶠᴲ ∏ᵴᶫᶅᵣ  ᶅC++ 

std :: simd  ḎḻḟḴᴻḐᶇ╗ ᵸᶪ ᶍḡ᷄Ḑḳ ᵫ SYCL ᶊ ᶊ

ᵴᶫᶪᵲᶇᶡ ᵴᶫᶝᵸᴳᵲᶍ ᵶᵣ᷄ḱḁᶆ᷈ᴻḑᵫ ᶉḡ᷄Ḑḳ

ḁḇᶹḳᶆ ᵴᶫᶅᵣᶪ ᴲ ᶊ ᶊᶉᶩ ᵫ ᵴᶫᶝᵸᴳ  

 SYCL ᶍ ᶍ ᶇᴲ ᶍ std :: simd  ᶍᶧᵥᶉ ᶎᶈᶀᶨᶡḓ

ḋḉᶉ ᶆᵡᶩᴲ ᵸᶪ ᶎ ᶆᵡᶪᶇ ᵴᶫᶝᵸᴳ 
 

marray  ᶇ ᶍ SIMD ᷄ḱḁᶱ ᵸᶪᶇᴲḟḵ᷅ḱḦᴻᶍ≥ ᶱ

ᵸᶪ᷈ᴻḑᵫ ᶊᶉᶩᶝᵸᴳᵲᶫᶊᶧᶩᴲᶽḱᴻᵫ ᵲᶩᶊᵮᵮᶉᶩᴲ ᵫ

ᶩᴲ ᶍᶧᵥᶉ ᵫ ᵷᵾᶇᵬᶊ ᶍ ᶆ ᵶᵾ ᵫ ᶪ

ᵲᶇᶡᵡᶩᶝ :н  ᴾḡ᷄Ḑḳᶇᶎּךᵪ§ᴿ 

 

 

 

SYCL ḡ᷄Ḑḳ ᶊ ᵸᶪḩḻḇḳḪḏḳ 
 

ᶆᶎᴲḷᴻ᷄ ᶱ᷅ḳᴻḟּטᵶᶅᴲ᷊Ḟ᷅ḳᴻḟᴴḘḲᶷᶣ᷿ḫḋḝḳᶉᶈᶍ

ᶉ ᴲᵩᶧᶒ ḟḲḧḎᶸḞᶱ ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵸᴳᵲᶫᶨ

ᶍ ᶱḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷᶆ ᵮ ᵸᶪᶊᶎᴲ᷊Ḟ᷅ḳᴻḟ ᶍ│ᶉ

ᶪḷᴻ᷄ ᵫ ᵴᶫ SƎIMD ᶊḦḋḟᵴᶫᶅᵣᶪᶇᵣᵥ ᵫᵡᶩᶝᵸᴳ

ᵣ ᵧᶪᶇᴲ ᶍḷᴻ᷄ ᵫ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ᷅ḳᴻḟּטᵴᶫᶪᵲᶇᶆ

ḗᴻḑᶻᶼᶷ ᶍ SIMD ᶊḦḋḟᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸ  G4 ᶆ ᵶᵾ

ᶧᵥᶊᴲᵲᶫᶎḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷ ᶆ ᵸᶪ SPMD ( ╗ḟḵ᷅ḱḨᴲ

ḏᴻḇ) ḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶍ ᶉ ᶆᵡᶩᴲ  
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╗ᶍḷᴻ᷄ ᵫḗᴻḑᶻᶼᶷᶍ SIMD ᶇᶉᶪ ᶱ ᵸᶪᶍᶆ

ᶎᶉᵮᴲḗᴻḑᶻᶼᶷᶍ SIMD ᶇᶉᶪּס ᶍᵡ Ḵᶅᴻḻɵ ᵶᶝᵸᴳ

SPMD ḁḇᶹḳᶆḟḵ᷅ḱḧḻ᷅ᵸᶪ ᴲḗᴻḑᶻᶼᶷᶆ SIMD ᶊḦḋḜ

ḻ᷅ᵸᶪ ᶊᴲ᷈ḻḙᶹḱᴻᶎ ᶊḷᴻ᷄ ᶱḡ᷄Ḑḳּטᵸᶪᶇ ᵧᶪᵲᶇ

ᵫᶆᵬᶝᵸ  G

 

ḡ᷄Ḑḳ ᶱ ᵾᶉᵣ  ɥGPU ᷿ᶼᴻḏᶸḻ᷅ ᶱ ᵸᶪ ᶊᶇ

ᶂᶅ SƎYCL ḡ᷄Ḑḳ ᶎḷᴻ᷄ ᶊ ᵶᶅḵᴻ᷀ḳᶆᵡᶪᶇ ᵧᶪᵲᶇᵫᶆ

ᵬᶝᵸᴳᶃᶝᶩ4Ǝ ᶍḡ᷄Ḑḳ 2 ᶃᶱּנ ᵸᶪ ᴲᵼᶍּנ ᶊᶎḗᴻḑᶻᶼ

ᶷ  4 ᶃᵫ ᶊᶉᶪּס ᵫᵡᶩᶝ  н(ḷᴻ᷄ ᶍ ᵪᶨᶎḁ᷀ḱᴻ

ᵴᶫᶝטּ )нᴳḡ᷄Ḑḳᶍ ᶎᴲḗᴻḑᶻᶼᶷ ᶍ│ᶉᶪ /᷄ḵḋ᷊᷄ᶹ᷄

ḳᶊᶧᶂᶅּנ ᵴᶫᶝᵸ  Gᵲᶫᶎᴲḡ᷄Ḑḳ ᶱ ᶍᶡᶍᶇᵶᶅ ᵸᶪᵲᶇ

ᶇ╗ ᵶᶅᵣᶝᵸᴳᶃᶝᶩᴲḅᴻḁ ᶆᶎᴲ4 ᶃᶍḁ᷀ḱᴻⱳ ᶱ ᵸᶪ ᶮᶩ

ᶊᴲ ╗ᶍ ᶆ 2 ᶃᶍḡ᷄Ḑḳᶱּנ ᶆᵬᶝᵸ G

 

CPU ᵰᶍḟḵ᷅ḱḧḻ᷅ ᵫᵡᶪ ᶎᴲḡ᷄Ḑḳ ᶊ ᶉᵮᴲ ᵮ

ᶍ᷈ḻḙᶹḱᴻᶆ SIMD ḗᴻḑᶻᶼᶷᶱ∆ ᶊ ᵸᶪḡ᷄Ḑḳּטᵫḏḝᶾḳ

Ḑᶆ ᶮᶫᶪᵲᶇᶱ ᶂᶅᵣᶝᵸᴳ᷈ḻḙᶹḱᴻᶎᴲḷᴻ᷄ ᶆᵲᶍ∆

ᶉḡ᷄Ḑḳּטᶱ ᶂᵾᶩᴲ ᶍḳᴻḟᵪᶨḡ᷄Ḑḳⱳ ᶱ ᵶᵾᶩᴲḡ᷄Ḑ

ḳ ᶊḦḋḜḻ᷅ᵸᶪᶇᵬᶊḡ᷄Ḑḳ ᶱ ᵶᵾᶩᵶᶝᵸᴳ ᶊᶃᵣᶅᶎᴲ

 16 ᶱ ᵶᶅᵮᵿᵴᵣ  G 

 

ᵲᶍ ᶆᶎᴲḡ᷄Ḑḳ (marray  ᶇ vec  ᶍ ) ᶱ ᵶᶅḡ᷄Ḑḳᶱ

ᵸᶪᵲᶇᶊ ᶱ ᶅᶅᵣᶝᵸᴳᵲᶫᶎSƎYCL ᶆḟḵ᷅ḱḧḻ᷅ᵸᶪ ᶊ ≥

ᵸᶘᵬᵲᶇᶆᵸ  G
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ᶍ ᶡּס ᶆ  н

 

ᴲ│ᶉᶪ᷈ḻḙᶹḱᴻᶇ SYCL ᶍ ᶆᶎᴲ᷈ᴻḑ ᶍḡ᷄Ḑḳḏ

ᴻḇ  ɵSIMD ḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷ ᶊḦḋḟᵸᶪ ᶆ│ᶉᶂᵾ

ᶱּזᵸᵲᶇᵫᶆᵬᶝᵸᴳᵲᶍ ᶆ ᵸᶪ ᵧ ᶇḟḵ᷅ḱḧḻ᷅ᴴ

ḙḇᴻḻᶎᴲᶚᶇᶲᶈᶍ ( ᶊᶎᵸᶘᶅᶍ) SYCL ᶊ ᶆᵬ

ᶝᵸᵫᴲ ᶉ SIMD ᶊḦḋḟᵴᶫᶪ᷈ᴻḑᶍ ᶱ ᵸ

ᶪᶊᶎᴲḡḻḈᴻᶍḑ᷂ḭḩḻḐᶇ ᶹḑᶱ᷁טּ ᵸᶪ ᵫᵡᶩᶝ

ᵸ  G

 

 

 ( marray )  
 

SYCL  (marray ) (  11 -1 ᶱ ) ᶎ SƎYCL 2020 ᶆ ᵶᵮ

ᵴᶫᵾᶡᶍᶆᴲḡ᷄Ḑḳנּ ᶍ ᶊ ᵸᶪ ᶱ ᶊᵸᶪ ᵫ ᶮᶫᶅᵣ

ᶝᵸ mGarray  ᶎᴲ ᵶᵾḡ᷄Ḑḳ ᶍ ᶍ  (ḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷ

ᶇᶎ ᶍ ᶉ ) ᶱ ᶊ ᵶᶝᵸ  G ᶱᵆḡ᷄Ḑḳᵇᵪᶨᵆ ᵇᶊ

ᵬ ᵧᶪᵲᶇᶆᴲᵼᶍ ᵫḗᴻḑᶻᶼᶷ ᶆ ᶊᶈᶍᶧᵥᶊ ᵴᶫᶪᵪᴲ

ᵧᶣᵸᵮᶝᵾ ᵶᶣᵸᵮᶉᶩᶝᵸᴳ 
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ᶽᶹḲᶷḁ ᶍ marray  

mcharN marray<int8_t, N>  

mucharN  marray<uint8_t, N>  

mshortN  marray<int16_t, N>  

mushortN  marray<uint16_t, N>  

mintN  marray<int32_t, N>  

muintN  marray<uint32_t, N>  

mlongN  marray<int64_t, N>  

mulongN  marray<uint64_t, N>  

mhalfN  marray<half, N>  

mfloatN  marray<float, N>  

mdoubleN  marray<double   N> 

mboolN  marray<bool, N>  

 
 11 - 1.  ᶍ ᶽᶹḲᶷḁ 

 

marray  ᷄ḱḁᶎᴲᵼᶍ ᶇ ᶍḎḻḟḴᴻḐᶆᵸᴳ ḙḱḩᴻḇ

ᴻ NumElements  ᶎ ᶍ ᶆᵸ NGumElements  ᵫ 1 ᶍ mƎarray  ᶎ

ᶍḁ᷀ḱᴻ ᶊ∆ ᶊ סּ ᶆн ᴳ ḙḱḩᴻḇ  ᴻDataT  ᶎ CƎ++ 

ᶆ ᵴᶫᶪᵾᶠ ᶆᵡᶪ ᵫᵡᶩᶝᵸ  G

 

marray  ᶎ sƎtd::array  ᶍᶧᵥᶉ ᷈ḻḎḒᴻᶆᵸᵫᴲ ᶍ ⱳ

 ( : + +Ǝ=) ᶇ SYCL  ( : sin cƎos ) ᶡ᷊ḥᴻḐᵴᶫᶝᵸSGYCL 

ḏḘᶹḁᶆᶍ ᶊ ᵪᶃ ᵴᶫᵾטּ ᶱ ᵸᶪᶧᵥᶊ

ᵴᶫᶅᵣᶝᵸ  G

 

SƎYCL ᶎ ᶍ ᶽᶹḲᶷḁᶱ ᵶᶝᵸᴳᵲᶫᶨᶍ ᶽᶹḲᶷḁ

ᶆᶎᴲ  N ᶎ 2 3Ǝ 4Ǝ 8Ǝᴲᶝᵾᶎ 16 ᶊᵸᶪ ᵫᵡᶩᶝᵸ  G

 

 11 -2  ᶎ 4Ǝ ᶃᶍ ᶆ ᵴᶫᶪ ᶍᵸᶘᶅᶍ ᶊ cos  

ᶱ ᵸᶪ ᶉ ᶱ ᵶᶅᵣᶝᵸᴳᵲᶍ ᶆᶎᴲ ḷᴻ᷄ ᶊ ᶩ ᶅ

ᶨᶫᵾḏᴻḇ ᶍᵸᶘᶅᶍ ᶊ ᵴᶫᶪ ᶱ ᵸᶪᵾ  fmarray  ᶱ

ᵸᶪ ᶱ ᵶᶅᵣᶝᵸ  G
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queue  q;  

marray< float , 4> input{ 1.0004f , 1e- 4f , 1.4f , 14.0f };  

marray< float , 4> res [M];  

for  ( int  i = 0; i < M; i++)  

 res [i] = { - (i + 1), - (i + 1), - (i + 1), - (i + 1)};  

{  

buffer  in_buf (&input, range { 1});  

buffer  re_buf (res, range {M});  

 

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

accessor  re_acc{re_buf, cgh, read_write};  

accessor  in_acc{in_buf, cgh, read_only};  

 

cgh . parallel_for ( range <1>(M), [=]( id <1> idx ) {  

 int  i = idx [ 0];  

 re_acc [i] = cos ( in_acc [ 0]);  

});  

});  

}  

 
 11 - 2.  marray ᶱ ᶂᵾ ᶉ  

 

ᵲᶍ᷀ᴻḕḳᶱ ᶉḏᴻḇ M ᶊ ᵶᶅ ᵸᶪᵲᶇᶆᴲḡ᷄Ḑḳ ᶱ

ᵸ  ᶅSIMD ḃḋḐᶗᶍ᷈ᴻḑᶍḦḋḜḻ᷅ ᶱ ᵸᶪᵲᶇᶉᵮᴲmarray  

ᶍ 4 ᶧᶩᶡᶎᶪᵪᶊ ᵣḏḘᶹḁᶱ ᶟᴲᵴᶝᵵᶝᶉ ᶍḏḘᶹḁ ᶆ

ᶉ ᶱ ᶆᵬᶝᵸ  G

 

 

ḡ᷄Ḑḳ ( vec )  
 

SYCL ḡ᷄Ḑḳ  ( vec ) ᶎ SYCL 1.2.1 ᶊ ᵶᶅᵣᶝᵸᵫ SƎYCL 2020 

ᶊᶡ╥ᵬ ᵬ ᶝᶫᶅᵣᶝᵸᴳ ᶍᶧᵥᶊvƎec  ᶎḡ᷄Ḑḳ ᶍᶈᶀᶨᶍ ᶇ

ᶡ ᵫᵡᶩᶝᵸ  G ᶊᶎ  Ǝvec  ᶎ ᴲ ᶉ ᶇᵶᶅ ᵴᶫᶪᵾᶠᴲ

᷈ᴻḑᶍּס ᶱ ᵴᵺᴲ ᵴᶱ ᶨᵸᶊᶎmƎarray  ᶱ ᵸᶪᵲᶇᶱᵩ

ᶠᵶᶝᵸ  Gᵾᵿᵶᴲᵲᶍ ᶊᶎᴲḡ᷄ḐḳᶍḵᴻḑᶇḁḐᶷᴲḘḋ᷄ᶽḻḑᶍḕ

ᶹḎᶸḞḡ᷄Ḑḳ ᶇᶍ ◖ ᴲᵩᶧᶒ ᴾḁᶻᶸḂḳᴿ ᶍ 3 ᶃᶍ ᵫᵡᶩᴲ

ᵲᵲᶆᶎᴲᵼᶫᶨᶊᶃᵣᶅ ᵶᶝᵸᴳ 
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marray  ᶇ ᶊ vƎec  ᷄ḱḁᶎᴲ ᶇ ḇᶹḟᶊ ᶄᵣᶅḎḻḟḴᴻḐ

ᵴᶫᶝᵸᴳᵾᵿᵶmƎarrayטּ  ᶇᶎ│ᶉᶩ NƎumElements  ḙḱḩᴻḇᴻᶎ 1 2Ǝᴲ

3 4Ǝ 8Ǝᴲᶝᵾᶎ 16 ᶍᵣᵹᶫᵪᶆᵡᶪ ᵫᵡᶩᴲᵼᶫ∙ ᶍ ᶱ ᵸᶪᶇ᷈

ḻḙᶹḳᶊ ᵶᶝᵸᴳᵲᶫᶎᴲvec  ᶍ ᶊ☼ ᵸᶪḡ᷄Ḑḳ ᶊ ᵸᶪ ᶍ

ᵣ ᶆᵸᴳḡ᷄Ḑḳᶍ᷊ᶹḂ ɵ2 ᶍ ᵴᶉ ᶊ ᵸᶪᵲᶇᶎ SƎIMD 

ḃḋḐᶆᶎ ᶊᵪᶉᶂᶅᵣᶝᵸᴳᵶᵪᵶᴲ ᶉ ᶱ ᶠᶅᵣᶪḟḵ᷅ḱḦᴻᶊᶎ

≥ ᶊ ᵧᶝᵸ  G ḇᶹḟᴴḙḱḩᴻḇ ᴻDataT  ᶎᴲḏḘᶹḁ᷈ᴻḑᶆ᷊ḥ

ᴻḐᵴᶫᶪ ḁ᷀ḱᴻḇᶹḟᶍᵣᵹᶫᵪᶆᶉᵰᶫᶏᶉᶩᶝᵺᶲᴳ 

 

ᶝᵾ mƎarray  ᶇ ᶊ vƎec  ᶎ 2 3Ǝ 4Ǝ 8Ǝᴲᵩᶧᶒ 16 ᶍ ᶽᶹḲ

ᶷḁᶱ ≥ᵶᶅᵣᶝᵸmGarray ᶽᶹḲᶷḁᶊᶎḟḲḝᶸ᷄ḁ mPR  ᵫ ᵬᶝᵸᵫᴲ

vec  ᶽᶹḲᶷḁᶊᶎ ᵬᶝᵺᶲᴳᵾᶇᵧᶏᴲuint4  ᶎ vec<uint32_t, 4>  ᶍᶽ

ᶹḲᶷḁᶆᵡᶩfƎloat16  ᶎ vec<float, 16>  ᶍᶽᶹḲᶷḁᶆᵸᴳḡ᷄Ḑḳ ᶱ

⅛ᵥ ᴲᶈᶍ᷄ḱḁᶱ⅛ᶂᶅᵣᶪᵪ ᶊ №ᵸᶪᵾᶠᶊᴲᵲᶍḟḲḝᶸ᷄ḁ 

mPR  ᶍ ᶊ ≥ᶱ ᵥ ᵫᵡᶩᶝᵸ  G

 

ḵᴻḑᶇḁḐ  ʊ

 

vec  ᷄ḱḁᶎᴲḡ᷄Ḑḳ ᶱḵᴻḑᵩᶧᶒḁḐᶷᵸᶪḩḻḘᴻ ᶱ ᵶᶝᵸᴳ

ᵲᶫᶨᶍ ᶎᴲḡ᷄Ḑḳᶍḉḫḕḳᶇ ᵷḇᶹḟᶍᶿḞḀᶼ᷄Ḑᶱ ᵸᶪ

ᵶᵾḩḪḲᴻ∞ ᶊ ᵶᶅ ᵴᶫᶝᵸᴳ 

 

ḵᴻḑᶇḁḐᶷ ᶱ  11 -3  ᶊ ᵶᶝᵸ lGoad  ḩḻḘᴻ ᶎᴲ

multi_ptr  ᵫ ᵸᶷḑḴḁᶊᵡᶪḩḪḲᴻᵪᶨDƎataT  ᶍ NumElements * 

offset  ᵿᵰᶿḝḃḋḐᵴᶫᵾ DataT  ᶍ ᶱ ᶞ ᶩᴲᵼᶫᶨᶍ  ɵ

vec  ᶍḉḫḕḳᶊ ᵬ ᶞᶝᵸ sGtore  ḩḻḘᴻ ᶎ vƎec  ᶍḉḫḕḳᶱ ᶞ

ᶩᴲᵼᶫᶨᶍ ᶱDƎataT  ᶍ NumElements * offset  ᶊᶧᶂᶅᶿḝḃ

ḋḐᵴᶫᵾ multi_ptr  ᶍᶷḑḴḁᶍḩḪḲᴻᶊ ᵬ ᶞᶝᵸᴳ  

 

ḙḱḩᴻḇᴻᶎᶷ᷄ḃ᷊ᴻᶣ ᶍḥᶹḻḇᴻᶆᶎᶉᵮᴲmulti_ptr  ᶆᵡᶪᵲᶇ

ᶊ ≥ᵶᶅᵮᵿᵴᵣ mGulti_ptr  ᶍḏᴻḇ ᶎ DataᴲᶃᶝᶩvƎec  ᷄ḱḁ

ᶍ᷈ḻḥᴻḕḻḐᶍḏᴻḇטּ ᶆᵸᴳᵲᶫᶊᶎᴲḵᴻḑᶝᵾᶎḁḐᶷᶊ ᵴᶫᶪḥᶹ

ḻḇᴻᵫ vec  ᶹḻḁḇḻḁ ᶍ᷈ḻḥᴻḕḻḐᴴḇᶹḟᶇ╗ ᵸᶪ ᵫᵡᶩᶝ

ᵸ  G
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template  <access :: address_space  AddressSpace , access :: decorated  IsDecorated >  

  void  load ( size_t  offset , multi_ptr <DataT , AddressSpace , IsDecorated > ptr );  

 

template  <access :: address_space  addressSpace , access :: decorated  IsDecorated > 

 void  store ( size_t  offset , multi_ptr <DataT , AddressSpace , IsDecorated > ptr ) 

const ;  

 
 11 - 3. vec ḵᴻḑᶇḁḐᶷ  

 

ḵᴻḑ ᶇḁḐᶷ ᶍ ᶱ  11 -4  ᶊ ᵶᶝᵸ  G

 
std ::array< float , size> fpData;  

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

 fpData [i] = 8.0f ;  

}  

 

buffer  fpBuf (fpData);  

 

queue  q;  

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

accessor  acc{fpBuf, h};  

 

h. parallel_for (workers, [=]( id <1> idx ) {  

float16 inpf16;  

inpf16 . load (idx, acc . get_multi_ptr <access::decorated ::no>());  

float16 result = inpf16 * 2.0f ;  

result . store (idx, acc . get_multi_ptr <access::decorated ::no>());  

});  

});  

 
 11 - 4.  ḵᴻḐᶇḁḐᶷḩḻḘᴻ ᶱ  

 

SYCL ḡ᷄ḐḳḵᴻḑᵩᶧᶒḁḐᶷ ᶎᴲḡ᷄Ḑḳⱳ ᶱ ᵸᶪ ᶱטּ

ᵶᶝᵸᵫᴲ ᶍḙḝᶾᴻḦḻḁ ᶍ ᶎᴲḡᴻḁᶇᶉᶪḗᴻḑᶻᶼᶷᴴᶷᴻ᷂

Ḏ᷄ḉḫᴻᶇ᷈ḻḙᶹḱᴻᶍ ᶊᶧᶂᶅטּ ᶝᶩᶝᵸᴳḟḵḝᶶᶹḳᴴḌᴻḳᶱ

ᵶᶅḙḝᶾᴻḦḻḁᶱ ᵶᴲᵴᶝᵵᶝᶉ ᶱ ᵶᶅᴲ ᶍḮᴻḁ᷆ᴻḁᶆ

ḡ᷄Ḑḳᶍḵᴻḑ ᶇḁḐᶷ ᶱ ᶊ ᵸᶪ ᶱ ᵸᶪᵲᶇᶱ ᵶ

ᶝᵸ  G

 

ḡ᷄ḐḳᶍḵᴻḑᵩᶧᶒḁḐᶷ ᵫ SIMD ᶊḦḋḟᵴᶫᶪᵲᶇᶎ ᶆ

ᵬᶝᵺᶲᵫᴲḡ᷄ḐḳḵᴻḑᵩᶧᶒḁḐᶷ ᶱ ᵸᶪᶇᴲḩḪḲᴻ ╓ ᶍ

ᶱ ᶆᵬᶝᵸ  G 
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ḡ᷄Ḑḳ ᶱ ᵮ ᵸᶪᶊᶎᴲ ḷᴻ᷄ ᵫ ᵶᵾḩḪḲᴻḞḵḋ᷄ᶊ

ᶷ᷄ḃḁᵸᶪᵲᶇᶱ᷈ḻḙᶹḱᴻᶊ ᶨᵺᴲ ᶍḏḘᶹḁᶆᶎᵲᶍ ᶱ ᵶ

ᶅ ᶍ ᶱ╗ ᶊḵᴻḑᶝᵾᶎḁḐᶷᶆᵬᶪᵾᶠ ᵫ ᵶᶝᵸᴳ 

 

Ḙḋ᷄ᶽḻḑᴴḕᶹḎᶸḞᴴḡ᷄Ḑḳ ᶇᶍ ◖ 

 

SYCL vec  ᷄ḱḁᴴḎḻḟḴᴻḐᶎᴲḘḋ᷄ᶽḻḑᶍḕᶹḎᶸḞḡ᷄Ḑḳ ( ᵸ

ᶪ ) ᶇᶍ ◖ ᶡ ᵶᶝᵸᴳḘḋ᷄ᶽḻḑᴴḕᶹḎᶸḞᴴḡ᷄Ḑḳ ᶎᴲḩ

ḻḘᴻ  vector_t  ᶊᶧᶂᶅ ᵴᶫᴲḏḘᶹḁ᷈ᴻḑᶆᶍᶞ ᶆᵬᶝᵸᴳ

vec ᷄ḱḁᶎ vector_t  ᶍᶹḻḁḇḻḁᵪᶨ ᶆᵬᴲ∆ ᶊ vector_t  ᶍ

ᶹḻḁḇḻḁᶊ ᶆᵬᶝᵸᴳ 

 

vector_t ᶍ ᶎ ᵴᶫᶅᵣᶪᵾᶠᴲᶚᶇᶲᶈᶍḮᴻ᷾ᴻᶎ 

vector_t  ᶱ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳᵲᶫᶎᴲ᷀ᴻḕḳ ᵪᶨ ᶒ ᵴ

ᶫᶪḘḋ᷄ᶽḻḑᴴḕᶹḎᶸḞ ᶇᶍ ◖ ᶱּס ᶊᵸᶪᵾᶠᵿᵰᶊ ᵶ

ᶝ  н(ᵾᶇᵧᶏ SƎYCL ᷀ᴻḕḳ ᵪ  ʝOpenCL C ᶆ ᵴᶫᵾ ᶱ ᶒ

ᵸᶉᶈ)  G

 

ḁᶻᶸḂḳ  

 

᷅ḱḝᶸḋ᷄ḁᴴᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎᴲḁᶻᶸḂḳᶇᶎḡ᷄Ḑḳᶍḏᴻḇ ᶱ

ᶘ ᵧᶪᵲᶇᶱ≥ ᵶᶝᵸᴳᵾᶇᵧᶏᴲḡ᷄Ḑḳ a ᶊ  {1, 2, 3, 4}  ᵫ

ᶝᶫᶅᵩᶩ 4Ǝ ḡ᷄Ḑḳᶍ᷈ḻḥᴻḕḻḐ ɵ{x, y, z, w}  ᶇᵶᶅ ᵸᶪ

bƎ = a.wxyz()  ᶇ ᶆᵬᴲḡ᷄Ḑḳ b ᶍ ᶎ {4, 1, 2, 3}  ᶊᶉᶩ

ᶝᵸ  Gᵲᶍ ᶎᴲ᷈ᴻḑᶱ᷈ḻḙ᷄Ḑᶊᵸᶪᵾᶠᴲᵲᶍᶧᵥᶉ ᶱ ᵮ

ᶆᵬᶪḗᴻḑᶻᶼᶷᵫᵡᶪᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎ╗ ᶆᵸᴳ 

 

vec  ᷄ḱḁᶱ ᵸᶪᶇᴲ  11 -5  ᶊ ᵸᶧᵥᶊ 2Ǝ ᶃᶍ ᶆḁᶻᶸḂḳᶱ

ᶆᵬᶝᵸ  G
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template  <int ... swizzleindexes >  

__swizzled_vec__  swizzle () const ;  

__swizzled_vec__  XYZW_ACCESS() const ;  

__swizzled_vec__  RGBA_ACCESS() const ;  

__swizzled_vec__  INDEX_ACCESS() const ;  

 

#ifdef  SYCL_SIMPLE_SWIZZLES 

// numElements <= 4 ᶍ ᶊᶍᶞ ᶆᵬᶝ  н

// XYZW_SWIZZLE ᶎᴲ∙ּזᶍ ᶱ ᶩ ᵸ ᶆ :н  

// x yƎ zƎ wƎ (numElements ᶍ ᶊ )v  

__swizzled_vec__  XYZW_SWIZZLE() const ;  

 

// numElements == 4 ᶍ ᶊᶍᶞ ᶆᵬᶝ  н

// RGBA_SWIZZLE ᶎ rƎ, g, b, a ᶍ ᶩ ᵶᶊᶧᶪ ᶆᵸ  G

__swizzled_vec__  RGBA_SWIZZLE() const ;  

#endif  

 
 11 - 5. vec swizzle ḩḻḘᴻ  

 

swizzle  ḩḻḘᴻ ḎḻḟḴᴻḐᶱ ᵸᶪᶇᴲḎḻḟḴᴻḐᴴḩḻḘ  ᴻ

swizzle  ᶱ ᶒ ᵶᶅḁᶻᶸḂḳ ᶱ ᶆᵬᶝᵸᴳᵲᶍḩḻḘᴻ ᶎᴲּס

ᶍ ḎḻḟḴᴻḐ╥ ᶱ ᵰ ᶩᶝᵸᴳ ╥ ᶎᴲḡ᷄Ḑḳ ᶍ ꞌᵸᶪ

ᶍḁᶻᶸḂḳᴴᶹḻḏḋ᷄ḁᶱ ᵶᶝᵸᴳḁᶻᶸḂḳᴴᶹḻḏḋ᷄ḁᶎᴲ0 ᵪ  ʝ

NumElements - 1 ᶝᶆᶍ ᶆᵡᶪ ᵫᵡᶩᶝᵸᴳᵲᵲᶆNƎumElements  ᶎ

ᶍ SYCL ḡ᷄Ḑḳ ᶍ ᶱ ᵶᶝ  н(ᵾᶇᵧᶏ 4Ǝ ᶃᶍ ᶍḡ᷄Ḑḳᶍ

ᶎ vec.swizzle<2, 1, 0, 3>()) sGwizzle  ḩḻḘᴻ ᶍ ᶩ ᶍ

ᶎᴲ ᶊ __swizzled_vec_ _ ᶍᶹḻḁḇḻḁᶆᵸᴳᵲᶫᶎᴲḁᶻᶸḂḳᵴᶫᵾ

ḡ᷄Ḑḳᶱ ᵸ ᶍ╗ ᷄ḱḁᶆᵸsGwizzle  ᶱ ᶒ ᵶᶅᶡ sƎwizzle  

ᶎᵸᵯᶊᶎ ᵴᶫᶉᵣᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ ᶮᶩᶊᴲ ᵴᶫᵾ 

__swizzled_vec__  ᶹḻḁḇḻḁᵫ ᶆ ᵴᶫᶪᶇᴲḁᶻᶸḂḳ ᵫ

ᵴᶫᶝᵸ  G

 

SYCL ᶆ XYZW_SWIZZLE ᵩᶧᶒ RGBA_SWIZZLE ᶇᵶᶅ ᵴᶫᶪ

ᶉ swizzle  ḩḻḘᴻ ᶍḃḋḐᶎᴲḁᶻᶸḂḳ ᶱ ᵸᶪ ᶇᵶ

ᶅ ᵴᶫᶅᵣᶝᵸᴳᵲᶫᶨᶍḩḻḘᴻ ᶎᴲ  4 ᶃᶍ ᶱ ᶃḡ᷄Ḑḳ

ᶊ ᵶᶅᶍᶞ ᶆᵬ SƎYCL ḠḋḈᴻḝᶶᶹḳᶍ ᶊ 

SYCL_SIMPLE_SWIZZLES Ḧ᷄ḵᵫ ᵴᶫᶅᵣᶪ ᶊᶍᶞ ᶆᵬᶝᵸ G 
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ᶉ swizzle ḩḻḘᴻ ᶱ ᵸᶪᶇ {Ǝx yƎ zƎ wƎ}  ᶝᵾᶎ {r gƎ bƎ aƎ}  

ᶇᵣᵥ ᶱ ᵶᶅḡ᷄Ḑḳ ᶱ ᵶᴲᵲᶫᶨᶍ ᶱ ᵶᶅḩ

ḻḘᴻ ᶱ ᶒ ᵸᵲᶇᶆḁᶻᶸḂḳ ᶱ ᶆᵬᶝᵸᴳ 

 

ᵾᶇᵧᶏᴲ ᶉḁᶻᶸḂḳᶆᶎᴲ ᶊ ᵶᵾ XYZW ḁᶻᶸḂḳ  

a.wxyz()  ᵫ ᶊᶉᶩᶝᵸᴳ ᵷ ᶎRƎGBA ḁᶻᶸḂḳᶱ ᵶᶅ 

a.argb() ᶇ ᵸᶪᵲᶇᶆ ᶊ ᶆᵬᶝᵸᴳ᷿ḻḟḳᶉḁᶻᶸḂḳᶱ

ᵸᶪᶇᴲᶧᶩ᷈ḻḙ᷄Ḑᶉ᷈ᴻḑᶣᴲ ᶍ ᴲ ᶊ᷅ḱḝᶸḋ᷄ḁᴴ᷿ᶼᴻḏᶸḻ᷅

ᶊ ᵣ᷈ᴻḑᶱ ᶆᵬᶝᵸᴳḡ᷄Ḑḳᶊ XYZW ∞ ḏᴻḇᶝᵾᶎ RGBA ᷀

ḱᴻḏᴻḇᵫ ᶝᶫᶅᵣᶪ ᴲ ᶉḁᶻᶸḂḳᶊᶧᶂᶅḟḵ᷅ḱḦᴻᶍ≥

ᶱᵴᶨᶊ ᶊ ᶆᵬᶝᵸᴳ ᶉ swizzle  ḩḻḘᴻ ᶍ ᶩ ᶍ  ɟ

__swizzled_vec__  ᶆᵸ sGwizzle ḩḻḘᴻ ḎḻḟḴᴻḐᶇ ᶊᴲ ᵴ

ᶫᵾ __swizzled_vec__  ᶹḻḁḇḻḁᵫ ᶆ ᵴᶫᶪᶇḁᶻᶸḂḳ

ᵫ ᵴᶫᶝᵸ  G
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constexpr  int  size = 16;  

 

std ::array<float4, size> input;  

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

 input [i] = float4 ( 8.0f , 6.0f , 2.0f , i);  

}  

 

buffer  b(input);  

 

queue  q;  

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

accessor  a{b, h};  

 

// x() yƎ() zƎ() wƎ() ᶉᶈᶍ ᶱ ᵶᶅ 

// ḡ᷄Ḑḳᶍ ·ᶍ ᶊᶷ᷄ḃḁᶆᵬᶝᵸᴳ 
//  

// " ḁᶻᶸḂḳ" ᶎᴲ ᶉḁᶻᶸḂḳ ᶊ ᵸᶪḡ᷄ḐḳḩḻḘᴻ  

// ( ᵾᶇᵧᶏ zyx() ᶝᵾᶎ ≥ᶍ ᶍ ᶞ ᶮᵺ)  

// ᶱ ᶒ ᵸᵲᶇᶊᶧᶂᶅ ᶆᵬᶝᵸ G   

// ḁᶻᶸḂḳᶎ ᶍḡ᷄Ḑḳᶇ ᵷ᷊ᶹḂᶆᵡᶪ ᶎᵡᶩᶝᵺᶲ  G

//  

h. parallel_for (size, [=]( id <1> idx ) {  

 auto  e = a[idx];  

 float  w = e. w();  

 float4 sw = e. xyzw ();  

 sw = e. xyzw () * sw. wzyx ();  

 sw = sw + w;  

 a[idx] = sw. xyzw ();  

});  

});  

 
 11 - 6.  __swizzled_vec__ ᷄ḱḁᶍ  

 

 11 -6  ᶎᴲ ᶉḁᶻᶸḂḳᶇ __swizzled_vec__  ᷄ḱḁᶍ ᶱ

ᵶᶅᵣᶝᵸ _G_swizzled_vec__  ᶎ᷈ᴻḑ ᶊ ᵶᶝᵺᶲᵫbƎ.xyzw()  

* sw.wzyx()  ᶉᶈᶍ ᶆ ᵴᶫᶝᵸ bG.xyzw()  ᶇ sw.wzyx()  ᶍ ᶩ

ᶍ ᶎ __swizzled_vec__  ᶍᶹḻḁḇḻḁᶆᵡᶩᴲ ᶎ ᵫ float4וֹ  

 sw ᶊ ᶩ ᶅᶨᶫᶪᶝᶆ ᵴᶫᶝᵺᶲ Gלּ
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ḡ᷄Ḑḳ ᶍ  
 

ᵲᶍ ᶱ ᵶᶅ ᵴᶫᶅᵣᶪᶧᵥᶊᴲḡ᷄Ḑḳ ᶇᵼᶫᵫḗᴻḑᶻᶼᶷᶊḦḋḜ

ḻ᷅ᵴᶫᶪ ᶊᶎ 2 ᶃᶍ│ᶉᶪ ᵫᵡᶩᶝᵸᴳᵲᵲᶝᶆᶎᴲ≥ ᶊᵲᶫᶨ

ᶍḦḋḜḻ᷅ᶊᶃᵣᶅ Ḵḡḳᶆᶍᶞ ᵶᶅᵬᶝᵶᵾᴳᵲᶍḃ᷿᷄ḯḻᶆᶎᴲḡ

᷄Ḑḳ ᶍᵴᶝᵵᶝᶉ ᵫ SIMD ḴḀḁḇᴻᶉᶈ Ḵḡḳᶍḗᴻḑᶻᶼᶷ

ᶊᶈᶍᶧᵥᶊḦḋḜḻ᷅ᵴᶫᶪᵪᶱ ᵶᵮ ᶅᴲ ᶍ ᶆḡ᷄Ḑḳᴴḗᴻḑᶻ

ᶼᶷᶱ ᵮ ᶆᵬᶪᵲᶇᶱ ᵶᶝᵸᴳ 

 

ᶍᵡᶪ ᶇᵶᶅᶍḡ᷄Ḑḳ 

 

ḡ᷄Ḑḳᵫ ḇᶹḟ (marray ᶣ ᶎ vec  ᶉᶈ) ᵪᶨḗᴻḑᶻᶼᶷᶍ

ᶊᶈᶍᶧᵥᶊḦḋḜḻ᷅ᵴᶫᶪᵪᶎᴲ ᶊ 3 ᶃᶍḥᶹḻḐᵫᵡᶩᶝ :н 

 

1.  SPMD ḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶍ┌ ᶇ ᶱ ᵸᶪᶊᶎᴲ

ᶍḷᴻ᷄ ᶱ ᶞ ᶮᵺᶅḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷ ᶱ

ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳ ᶊᶎᴲḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷ ᵫᴲ

╗ᶍḷᴻ᷄ ᵪᶨ ᶆ ᵴᶫᶪᶇ ᵧᶪᶘᵬᶆᶎᵡᶩᶝᵺ

ᶲ  G

 

2.  (1) ᶍ ᶇᵶᶅᴲḡ᷄Ḑḳᶊוֹ ᵸᶪⱳ ( ᵧᶏּנ ) ᶎᴲ  ᶃᶍ

ḷᴻ᷄ ᶍ ᵪᶨᶎ ḉƎḫḕḳᵳᶇᴲᶝᵾᶎ ᵳᶇᶊ

ᵴᶫᶪᶡᶍᶇ ᵧᶪ ᵫᵡᶩᶝᵸᴳḅᴻḁ᷈ᴻḑᶆḡ᷄Ḑḳᶱ

ᵸᶪᵲᶇᶎᴲ ᴲḡᴻḁᶇᶉᶪḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷ ᶱ ᵸ

ᶪᵲᶇᶇᶎ ᶆᵸ  G

 

3.  ḡ᷄ḐḳᶍᶷḑḴḁᶱ ᶊ ᵸᶉᶈᴲ ᶍ ᶆ᷈ᴻḑᶱ ᵸ

ᶪ ᴲ᷈ḻḙᶹḱᴻᶎḡ᷄Ḑḳᶇ ᶍḩḪḲᴻḴᶹᶷᶻḐ

ᶊ ᵥ ᵫᵡᶩᴲḙḝᶾᴻḦḻḁᶊ ᵮᶚᶈ☼ ᵸᶪּס ᵫᵡᶩ

ᶝᵸᴳᵲᶫᶱ ᵸᶪᶇᴲ᷈ḻḙᶹḱᴻᵫ ᶊ ᶆᵬᶪ᷈ᴻטּ

ḑᶱ ᶊ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸ G
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ᶉḩḻḇḳḪḏḳᵫᵡᶫᶏ᷈ᴻḑᶍ ᶎᵴᶨᶊ ⌐ᶊᶉᶪᵾᶠᴲ ᶍ 

2 ᶃᶍḥᶹḻḐᶊᶃᵣᶅᵴᶨᶊ ᵶᵮ ᵶᶝᵸᴳ 

 

 4 ᶇ  9 ᶆ ᵶᵾᶧᵥᶊᴲḷᴻ᷄ ᶎ ᶍḲᴻḝḖᴻḑ

ᶆᵡᶩᴲ᷀ᴻḕḳ ᶍ ·ᶍᶹḻḁḇḻḁᶱ ᵶᶝᵸᴳḷᴻ᷄ ᶎ ≥ᶍ

ᶆ ᶆᵬᶝᵸᵫᴲḵᴻ᷀ḳᶝᵾᶎ᷅ḵᴻḘḳḩḪḲᴻᶗᶍᶷḐḧḋ᷄ḩḪḲᴻ

ᴲᶝᵾᶎ᷅ḳᴻḟ  ( select_from_group gƎroup_barrier  ᶉᶈ) 

ᶱ ᵸᶪ ᶱ ᵬᴲ ᶊ ᶝᵾᶎ ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳ  

 

ḇᶹḟᶍᶹḻḁḇḻḁᶎ ╗ᶍḷᴻ᷄ ᶊ ᵶᶅḵᴻ᷀ḳᶆᵡᶪᵾᶠᴲ

ḷᴻ᷄ ᵳᶇᶊ NumElements  ᶍḟḱᶹḡᴻḐ ᶇ ᶆᵡᶪᶇ ᵧᶪᵲᶇ

ᵫᶆᵬᶝᵸᴳ ᵧᶏfƎloat4 y4  ᶍḁḐḴᴻḀᶎ fƎloat y4[4]  ᶇ ᶇ

ᶞᶉᵸᵲᶇᵫᶆᵬᶝᵸᴳ  11 -7  ᶍ ᶊᶃᵣᶅ ᵧᶅᶞᶝᵸ  G

 
h. parallel_for ( 8, [=]( id <1> i ) {  

 float  x = a[i];  

 float4 y4 = b[i];  

 a[i] = x + sycl :: length (y4);  

});  

 
 11 - 7.  ḡ᷄Ḑḳᶍ  

 

ḁ᷀ḱᴻ  x ᶍ SƎIMD ᶱ ᶃḗᴻḑᶻᶼ  ʊ(CPU GƎPU ᶉᶈ) 

ᶍ ᶍḷᴻ᷄ ᶱ ᶟ᷀ᴻḕḳ ᶍ  ᶆᶎᴲḡ᷄ḐḳḴḀḁḇᴻᶇוֹ

SIMD ᵫ ᵴᶫᶪּס ᵫᵡᶩᶝᵸᵫᴲḡ᷄Ḑḳּטᶎḷᴻ᷄ ᶊᶝᵾᵫ

ᶂᶅ ᶮᶫᴲ᷈ᴻḑ ᶍᶈᶍḡ᷄Ḑḳ ᶇᶡ ᶆᵸᴳ  
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 11 -8  ᶊ ᵸᶧᵥᶊᴲ ᶍḁ᷀ḱ  ᴻx ᶱ ᶃḷᴻ᷄ ᶎᴲ᷈ḻḙᶹḱᴻ

ᵫ ᵸᶪ∆ ᶉ SIMD ḗᴻḑᶻᶼᶷ ᶆ│ᶉᶪḴᴻḻᶱ ᶆᵬᶝᵸᴳḷ

ᴻ᷄ ᶍḁ᷀ḱᴻḏᴻḇᶎᴲ╗ ᶍ ᵩᶧᶒḗᴻḑᶻᶼᶷᶆᶎᴲ ᶊ

ᵴᶫᶪḷᴻ᷄ ᶆ∆ ᶊḡ᷄Ḑḳּט (SIMD ḗᴻḑᶻᶼᶷ ᶊ ᵴᶫ

ᶪ) ᵴᶫᶅᵣᶪᶇ ᵧᶨᶫᶝᵸᵫᴲ ᵾᶀᵫ ᵸᶪḷᴻ᷄ ᷈ᴻḑᶆᶎᵲᶫ

ᶱᶽḻ᷈ᴻḑᵶᶝᵺᶲᴳᵲᶫᵫ SPMD ḁḇᶹḳᶍḟḵ᷅ḱḧḻ᷅ᶍ ᶆᵸᴳ  

 

 
 11 - 8.  ḁ᷀ḱᴻ  x ᵪ  ʝ8 ḷᶹḑᶍḗᴻḑᶻᶼᶷᴴḡ᷄Ḑḳ ᶗᶍ ᵫּס 

 

ḗᴻḑᶻᶼᶷᶊ∟ ᵶᶉᵣ ᶆ ᶉ ᶱ ᵸᶪᵲᶇᶆᴲḡ᷄Ḑ

ḳᴴḗᴻḑᶻᶼᶷ ᶱ ᵧᵾḟḱḋḐḝᶾᴻḨᶱ ᶟᵴᶝᵵᶝᶉḟḱḋḐḝᶾᴻḨ

ᶍ ᶊ ᶮᵺᶅᴲᶷḟḲ᷆ᴻ᷿ḯḻᶱḁ᷆ᴻḳᶷḋḟ (ᶝᵾᶎḁ᷆ᴻḳḈᶻḻ) 

ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻ ᶊᴲḷᴻ᷄ ᶇ ᶍ ᶍ

ᶆ ᶉḘḱḻḁᶱᶇᶪᵲᶇᶎᴲ ᵾᶀ ╢ᵫ ᶩ ᶟᶘᵬ ᶆᵡᶩ  Ǝ

15 ᴲ  16 ᴲᵩᶧᶒ  17 ᶆ ᵶᵮ ᵶᶝᵸ G

 

 11 -8  ᶊ ᵸᶧᵥᶊᴲ᷈ḻḙᶹḱᴻᶊᶧᶪḁ᷀ḱᴻ  x  ᵪᶨḡ᷄Ḑḳᴴḗᴻ

ḑᶻᶼᶷ ᶗᶍ∆ ᶉḡ᷄Ḑḳ ᶊᶧᶩᴲ᷈ḻḙᶹḱᴻᶎ ᶍḷᴻ᷄

ᶆ ᶮᶫᶪḁ᷀ḱᴻⱳ ᵪᶨḗᴻḑᶻᶼᶷᶆ SIMD ⱳ ᶱ ᵶᶝᵸ  G

 

 11 -7  ᶍ᷈ᴻḑ ᶊ ᶪᶇᴲḡ᷄Ḑḳ  y4  ᶍ ᴲ ᶍḷᴻ᷄  (ᵾ

ᶇᵧᶏ 8Ǝ ᶃᶍḷᴻ᷄ ) ᶊ ᵸᶪ᷀ᴻḕḳ ᶍ ᶆᶎᴲḗᴻḑᶻᶼᶷᶆᶍוֹ

ḡ᷄Ḑḳⱳ ᶱ ᵶᶅ 4 ḡ᷄Ḑḳᶱ ᵶᶝᵺᶲᴳɲ ᶩᶊᴲ ḷᴻ᷄

ᶎ ᵶᶅḡ᷄Ḑḳ (ᵲᶍ ᶎ float4 ) ᶱ ᵶᴲᵼᶍḡ᷄Ḑḳᶍ ᶊ ᵸ

ᶪ ᶎ ᶍ᷄ḵḋ᷊᷄ᶹ᷄ḳ/ ᶆ ᵸᶪּס ᵫᵡᶩᶝᵸ  G 

ᵲᶍ ᶱ  11 -9  ᶊ ᵶᶝᵸᴳḷᴻ᷄ ᶍ ᵪᶨ ᶪᶇᴲḡ᷄Ḑḳᶎ᷈ḻḙ

ᶹḱᴻᶊᶧᶂᶅḁ᷀ḱᴻּטᵴᶫᵾᶡᶍᶇ ᵧᶪᵲᶇᵫᶆᵬᶝᵸᴳ 

 

 

 



 

 

283  

 

 
ḁ᷀ḱᴻּט 

ᵴᶫᵾ  

 

᷊ᶹ᷄ḳ 

ḷᴻ᷄  ID  

  w0 w1 w2 w3 w4 w5 w6 w7 

y4.x  N y4[w0].x  y4[w1].x  y4[w2].x  y4[w3].x  y4[w4].x  y4[w5].x  y4[w6].x  y4[w7].x  

y4.y  N+1 y4[w0].y  y4[w1].y  y4[w2].y  y4[w3].y  y4[w4].y  y4[w5].y  y4[w6].y  y4[w7].y  

y4.z  N+2 y4[w0].z  y4[w1].z  y4[w2].z  y4[w3].z  y4[w4].z  y4[w5].z  y4[w6].z  y4[w7].z  

y4.w  N+3 y4[w0].w  y4[w1].w  y4[w2].w  y4[w3].w  y4[w4].w  y4[w5].w  y4[w6].w  y4[w7].w  

 
 11 - 9.  ḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷ ᶎ SIMD ḴᴻḻᶱᶝᵾᵫᶪḁḐḱᶹḑḩḪḲᴻ∞

ᶊᶷ᷄ḃḁ 

 

 11 -9  ᶎᴲᵲᶍḃ᷿᷄ḯḻᶍ 3 ᶍ ᶉḥᶹḻḐᴲᶃᶝᶩḡ᷄Ḑḳᶍ

ᶉ ᵫᴲ ᵶᶅᵩᵮᶘᵬ ᶉḩḪḲᴻᶷ᷄ḃḁᶊ☼ ᵸᶪּס ᵫᵡᶪᵲ

ᶇᶱ ᵶᶅᵣᶝᵸᴳ ᶍ᷈ᴻḑ ᶆᶎᴲ ḷᴻ᷄ ᶎ y4  ᶍ ᶍ ( ᵶᵾ) 

ḏᴻḇḴᶹᶷᶻḐᶱ ᵶᴲ ᵶᶅ ᵸᶪ ᶉḪḏḳᶱ ᵶᶝᵸᴳ  

 

ḙḝᶾᴻḦḻḁᶍ ᵪᶨ ᶪᶇᴲᵲᶍḷᴻ᷄ ᶍḡ᷄ḐḳᴴḏᴻḇᴴḴᶹ

ᶷᶻḐᶍ ᶎᴲ᷈ḻḙᶹḱᴻᵫḷᴻ᷄ ᶱḡ᷄Ḑḳּטᵶᶅḡ᷄Ḑḳᴴḗᴻḑ

ᶻᶼᶷ ᶱ ᵸᶪᶇᴲḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷ ᶍḴᴻḻᵫ ᵶᵾḩḪḲᴻ

∞ ᶊᶷ᷄ḃḁᶆᵬᶉᵣᵲᶇᶆᵸᴳḡ᷄Ḑḳḏᴻḇᶍ᷊ᶹḂᶇ ᶍḏḘᶹḁ

ᶊꞌᵷᶅᴲ᷈ḻḙᶹḱᴻᶎ᷃ḫ᷾ᴻᶝᵾᶎḁ᷂ḫḋḇᴻḩHḪḲᴻ ᶱ ᵸᶪ

ᵫᵡᶩᶝ  н (  11 -10  ᶱ )  Gᵲᶫᶎᴲḡ᷄ḐḳᵫḩḪḲᴻ ᶆ ᵶᶅᵩᶩᴲ

ᵸᶪḷᴻ᷄ ᵫ│ᶉᶪḡ᷄Ḑḳᶆ ᶊ ᵶᶅᵣᶪ ᶊ ᶆᵸḡG᷄

Ḑḳ ᵫ ᶍḏḘᶹḁᶍ ᶊᶈᶍᶧᵥᶊ☼ ᵸᶪᵪᶊ ᵸᶪ ᶎ  Ǝ15 

ᶇ  16 ᶱ ᵶᶅᵮᵿᵴᵣᴳᶝᵾᴲḡḻḈᴻᶍḑ᷂ḭḩḻḐᴲ᷈ḻḙᶹḱᴻᶍ

ḴḥᴻḐᶱטּ ᵶᴲḱḻḇᶹḨᴴḟḵḝᶶᶹḳᶱ ᵶᶅ ᵸᶪ᷿ḒḲᶿᶍ

ᶱ ᵶᶅᵮᵿᵴᵣ  G
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q. submit ([&]( sycl :: handler  &h) {  // ᷊Ḟ᷅ḳᴻḟᶍ᷊ᶹḂᶎ 8 ᶇּי  

// ...  

h. parallel_for ( range <1>( 8), [=]( id <1> i ) {  

// ...  

float4 y4 = b[i];     // i=0 1Ǝ 2Ǝ .Ǝ..  

// ...  

float  x = dowork (&y4);  

 

});  

// ñdoworkò ᶎ y4 ᶱ ᵶᶝᵸ  G  

// ᵧᶏ vƎec_y[8][4] ḴᶹᶷᶻḐ 

 
 11 - 10.  ᶷḑḴḁᶽḁ᷆ᴻḟᶱ ᵶᵾḡ᷄Ḑḳ᷈ᴻḑᶍ 

 

᷈ḻḙᶹḱᴻᵫ y4  ᶍᶷḑḴḁᵫ ᶍ᷀ᴻḕḳᶍḷᴻ᷄ ᶍ ∫ ᶊᶉ

ᵣᵲᶇᶱ ᶆᵬᶪ ᴲᶝᵾᶎᵸᶘᶅᶍ ᶒ ᵶ ᵫᶹḻḱᶹḻ ᵴᶫ

ᶅᵣᶪ ᴲ᷈ḻḙᶹḱᴻᶎ ᶊ ᵶᶅḙḝᶾᴻḦḻḁᶱטּ ᵴᵺᶪּס

ᵫᵡᶩᶝᵸᴳ ᵧᶏᴲ᷈ḻḙᶹḱᴻᵫ y4  ᶍḁḐḴᴻḀᶱ ᶆᵬᶉᵣ ᴲ

ᶊᵼᶍ ∞ ᶱ ᶫ ᵧᶪᵲᶇᵫᶆᵬᶝᵸᴳᵲᶫᶊᶧᶩᴲ᷃ḫ᷾ᴻ

ᶣḁ᷂ḫḋḇᴻ ᶱ ᶇᵶᶉᵣ ᵶᵾḩḪḲᴻᶷ᷄ḃḁᵫּס ᶇᶉᶩᶝᵸᴳ

᷈ḻḙᶹḱᴻᶍ ḴḥᴻḐᶎᴲḅᴻḁ᷈ᴻḑᵫḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷטּ ᶊ

ᶈᶍᶧᵥᶊ ᵴᶫᵾᵪᶱ ᵸ ᶱ ᵶᴲḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪᵾ

ᶠ᷈ᴻḑᶱ ᵸᶪ ᶊ ᵸᶪḚḻḐᶱ ᵶᶝᵸᴳ 

 

╗ ᶉ᷁ᶹḑḱᶹḻᶇᵶᶅᴲᵲᶫᶨᶍ ᶱ ᵸᶪ᷈ᴻḑᶎ ᶣ ᵫᶎ

ᶪᵪᶊ ᶆᵡᶪᵾᶠᴲ ᶊ≥ ᵫᵡᶪ ᶎ ᶉḡ᷄Ḑḳ (marray  

ᶉᶈ) ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳᶷḟḲ᷆ᴻ᷿ḯḻᶆḙḝᶾᴻḦḻḁᶍḣḋḐḁ

ḥḋḐᵫ ᵴᶫᵾ ᶊᶍᶞᴲḅᴻḁ᷈ᴻḑᶍḡ᷄Ḑḳⱳ ᵫ ᶆᶎᶉᵣḗ

ᴻḑᶻᶼᶷᶍ ᶊ ᵶᶅᵣᶪᵪזּ ᵸᶘᵬᶆᵸᴳ  

 

SIMD ᶇᵶᶅᶍḡ᷄Ḑḳ 

 

ᵲᶍ ᶆᶎ mƎarray  ᶇ vec  ᶎ SIMD ᶆᶎᶉᵣᵲᶇᶱ ᵶᶝᵶᵾᵫᴲ

ᶱ ᵸᵾᶠᶊ SƎIMD ᵫḡ᷄ḐḳᴴḗᴻḑᶻᶼᶷᶊᶈᶍᶧᵥᶊḦḋḟᵴᶫ

ᶪᵪ ᶊ ᵶᶝᵸᴳᵲᶍ ᶎSƎYCL ḅᴻḁ᷈ᴻḑ ᶍḡ᷄Ḑḳᶇᶎ ᶒ

ᶃᵣᶅᵣᶝᵺᶲᵫᴲ ᶍḏḘᶹḁḇᶹḟ (GPU CƎPU FƎPGA) ᶊᶃᵣᶅ

ᵸᶪ ᶍ ᶍ ᶆ ᶃ ᶱ ᵶ SƎYCL ᶍ ᶍḘᴻḀḯḻᶆ 

SIMD ḇᶹḟᵫ ᵴᶫᶪּס ᶊ ᵧᶪᶍᶊ ᶀᶝᵸ G
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SYCL ḏḘᶹḁᶆᶎ 1Ǝ ᶃᶍḡ᷄ḐḳḴḀḁḇᴻᶝᵾᶎḴḀḁḇᴻḝᶶᶹḳᶊ

ᶝᶫᶪ ᶍḏᴻḇ ᶱ ᵸ  ᶅSIMD ḗᴻḑᶻᶼᶷᵫ᷊ḥᴻḐᵴᶫᶪ

ᵫᵡᶩᶝᵸ SGIMD ḗᴻḑᶻᶼᶷᶱ ᵸᶪḏḘᶹḁᶆᶎ  Ǝ11 -11  ᶊ ᵸᶧᵥ

ᶊᴲᵾᶇᵧᶏ 8 ᶍḡ᷄Ḑḳᶊ ᵸᶪḡ᷄Ḑḳּנ ⱳ ᶱ ᵧᶪᵲᶇᵫᶆᵬᶝ

ᵸ  G 

 

 

 

 

 

 

 

 

 

 

 
 11 - 11.  8 ᶻᶼᶹᶍḏᴻḇ ᶊᶧ  ᶅSIMD ּנ  

 

ᵲᶍ ᶍḡ᷄Ḑḳּנ ᶎᴲḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷᶱ ᵶᶅ 1 ᶃᶍ ᶆ

ᶆᵬᴲᵼᶍ SIMD ᶆ ᶊḡ᷄ḐḳḴḀḁḇ  ᴻvec_x  ᶇ vec_y  ᶱּנ ᶆ

ᵬᶝᵸ  G

 

SIMD ᵪᶨḡ᷄ḐḳᴴḗᴻḑᶻᶼᶷᶗᶍḦḋḜḻ᷅ᶎ ᶊ ᶆ סּ ᶆ

ᵡᶩᴲᶈᶍ᷈ḻḙᶹḱᴻᶆᶡ ᶍ ᶆ ᵴᶫᶪּס ᵫᵡᶩᶝᵸᴳ  

ᵲᶫᶨᶍ ᶊᶧᶩ SƎIMD ᶎ SIMD ḗᴻḑᶻᶼᶷᶆᶍ ḴḡḳᶍḙḝᶾᴻḦḻ

ḁᴴḉḭᴻḓḻ᷅ᶆ ᶊ ᶉ ᶇᶉᶩᶝᵸᵫᴲ᷈ᴻḑᶍ┌ ᵫ ᵶᴲזּ

ᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶍ ᶊ █ᵴᶫᶪᶇᵣᵥ ᶡᵡᶩᶝᵸᴳSPMD ḟḵ᷅ḱḧ

ḻ᷅ᴴḪḏḳᶎᴲᵲᶫᶨᶍ ᶊ ᵸᶪᵾᶠᶊ  ᵶᶝᵶᵾᴳטּ

 

ᵫ SIMD ᶊ סּ ᶉḗᴻḑᶻᶼᶷᴴḦḋḜḻ᷅ᶍ ᵫᵡᶪᵲᶇᶱ

ᵶᶅᵣᶪᵪᶨᵲᵼ 2Ǝ ᶃᶍ│ᶉᶪ ᶱ ᵶᶅḡ᷄Ḑḳᶍ 2 ᶃᶍ

ᶱ ᶊ ᵰᶪᵲᶇᵫ ᶆᵸᴳ ᵫ ᶉḇᶹḟ ɵSIMD ᶇᵶᶅ

ᵸᶪᵲᶇᶱ ᵶᶅ ᵸᶪ ᴲ᷈ḻḙᶹḱᴻᶍ ᶊטּ ᵶᶅ ᵸᶪᵲᶇᶊ

ᶉᶩᴲ ᶝᵾᶎ ᶧᶩᶡḙḝᶾᴻḦḻḁᵫ סᵸᶪּזּ ᵫᵡᶩᶝᵸᴳ 
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ᶝᶇ  f
 

ḟḵ᷅ḱḧḻ᷅ ᶆᶎḡ᷄Ḑḳᶇᵣᵥ ᶊ ᶍ ᵫᵡᶩᴲḙḝᶾᴻḦḻḁ

ᵫ ᵮḁ᷆ᴻḱḞḳᶉ᷈ᴻḑᶱ ᵮᶇᵬᶊᶎᴲ ᶍ ᶝᵾᶎ᷈ḻḙᶹḱᴻᵫ

ᵴᶫᶅᵣᶪ ᶱ ᵸᶪᵲᶇᵫ ᶆᵸ SGYCL ᶎᴲḅᴻḁ᷈ᴻḑ ᶍḡ᷄Ḑ

ḳ ᶎḷᴻ᷄ ᶊḵᴻ᷀ḳᶉ ᶉ ᶆᵡᶩᴲḷᴻ᷄ ᶊᶮᵾᶪ᷈ḻḙ

ᶹḱᴻᶊᶧᶪ∆ ᶉḡ᷄Ḑḳּטᶎḗᴻḑᶻᶼᶷ ᶍ SIMD ᶊḦḋḟᵴᶫᶪ

ᵲᶇᶊ ᶄᵣᶅ ᵴᶫᶅᵣᶝᵸ  G( ᶊᶝᶫᶉ᷆ᴻḁᶆᵸᵫ) ḡ᷄Ḑḳᴴḗᴻ

ḑᶻᶼᶷᶊ ᶊḦḋḟᵸᶪ᷈ᴻḑᶱ ᵸᶪ ᶎᴲḡḻḈᴻᶍḑ᷂ḭḩ

ḻḐᶱ ᵶᴲ ᶊꞌᵷᶅ SYCL ᶍ ᶱ ᵶᶅᵮᵿᵴᵣᴳᶚᶇᶲᶈᶍ

ᶷḟḲ᷆ᴻ᷿ḯḻᶎᴲ᷀ᴻḕḳᶎḷᴻ᷄ ᵫḡ᷄Ḑḳּטᵴᶫᶪᵲᶇᶱ ᶇ

ᵶᶅ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶊᶧᶩᴲSPMD ᶍ ᶉ ᶱטּ ᶆᵬᶝ

ᵸ SGPMD ᶎᴲ ᶊ ᶆᵬᶪḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶱ ᵶᴲḏḘᶹḁᶣᶷ

ᴻ᷂Ḏ᷄ḉḫᴻ ᶆḁ᷆ᴻḱḞḳᶉḙḝᶾᴻḦḻḁᶱ ᵶᶝᵸᴳ  

 

ᵲᶍ ᶆᶎᴲ ᶇᶉᶪ ᶍḏᴻḇᶍ᷅ḳᴻḟּט ( ᶍ᷀ḱᴻḉḫḕ

ḳᶱ ᶃḜ᷄ḃḳᶉᶈ) ᵫᵡᶪ ᶊᵸᵯᶊ ᶆᵬᶪ ᶉ ᶆᵡ  ᶅ

marray  ᶹḻḇᴻḝᶼᶹḁᶊᶃᵣᶅ ᵶᶝᵶᵾᴳᵴᶨᶊᴲ ᶍḙḇᴻḻ (ḁᶻᶸ

Ḃḳᶱ ) ᶣ ḵᴻḑ/ḁḐᶷᵩᶧᶒḘḋ᷄ᶽḻḑᶍ) טּ ◖ ᶱ ) 

ᶱ ᵸᶪᶍᶊ ᶉḴ᷿᷁  ᴻvec  ᷄ḱḁᶊᶃᵣᶅᶡ ᵶᶝᵶᵾ G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

  



 

 

 

 

 12  ḏḘᶹḁ ᶇ᷀ᴻḕḳᶍ  טּ
 

 

ᵲᶍ ᶆᶎᴲḟḵ᷅ḱḨᶱᶧᶩ ᶊᵶᶅᴲᶧᶩ┌ ᶍ ᵣᶡᶍᶊᵸᶪ ᶉ

ᶊᶃᵣᶅ ᵶᶝᵸᴳᵲᶫᶎᴲ ᵶᵾ᷀ᴻḕḳᶇ᷈ᴻḑᶍ ᶇᴲᶷḟḲ᷆ᴻ᷿

ḯḻᵫ ᵴᶫᶪּס ᶍᵡᶪ᷿ḁḎḨ (ᵩᶧᶒᶷ᷄ḃḱḴᴻḇ )ᴻ ᶍ ᶊ╗

ᵸᶪḩ᷀ḓḂḨᶱ ᵸᶪᵲᶇᶊᶧᶂᶅ ᶮᶫᶝᵸᴳ ᵾᶀᶎ ᶊ ᴾḏḝᶾḳḐᴴ

ᶷ᷄ḃḱḴᴻḇᴻᶱ ᵸᶪᴿ ᵿᵰᶆᴲᵼᶫᵫּךᶆᵡᶪᵪᶊ ᶉᵮᴲᵼᶍ ᶆ

ᵶᵾ᷀ᴻḕḳᶱ ᶆᵬᶪᵾᶠᴲᵲᶫᶎ ᶉḐḜḋ᷄ᶆᵸᴳSYCL ᶆᶎᴲḣḁ

ḐᴴᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪᶍᵫ CPU ᶆᵡᶂᶅᶡᴲ᷀ᴻḕḳᶱ ᶆᵬᶪḏ

Ḙᶹḁᵫ ᶊ ᵸᶪᵲᶇᶱ ᵶᶅᵣᶪᵾᶠᴲᶷ᷄ḃḱḴᴻḇᴻᵫᶉᵣ᷿ḁḎḨ

ᶆᶡᵲᶫᵫ ᵸᶪᵲᶇᵫ ᵪᶂᶅᵣᶝᵸ G 

 

ᴾḏḝᶾḳḐᴴᶷ᷄ḃḱḴᴻḇᴻᶱ ᵸᶪᴿ ᶇᵣᵥ ᷀ᴻḕḳᶍ ᶱ ᵧᶅ

ᶟᶇᴲ ᵸᶪḏḘᶹḁᶱ ᵸᶪḩ᷀ḓḂḨᶇᴲᶧᶩ ᵶᵾ᷀ᴻḕḳᶱטּ ᵸ

ᶪḩ᷀ḓḂḨᵫ ᶆᵬᶪᵲᶇᵫ ᵪᶩᶝᵸᴳᵲᶍ ᶆᶎ ᶍ ᶊᶃᵣᶅ

ᵶᶝᵸᴳᵲᶫ  ʝ2 ᶃᶍ ᶱ ᶞ ᶮᵺᶪᵲᶇᶆᴲ ᵴᶫᶪ᷿ḁḎḨᶊ

ᶊ ꞌᵸᶪᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᶆᵬᶝᵸᴳ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 
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ᵣᶉᵲᶇᶊ SƎYCL ᶍ ᶎᵲᶍḓᴻḂᶱ ᵶᴲ ᶱ ᵸᶪᶹ

ḻḇᴻḝᶼᶹḁᶱ ᵶᶅᵣᶝᵸSGYCL ᶎᴲ᷀ᴻḕḳᶱ ᶆᵬᶪḏḘᶹḁ

ᶱ᷀ḟḃḳּטᵸᶪḏḘᶹḁ᷄ḱḁᶱ ᵶᶝᵸᴳᶝᵹᴲḏḘᶹḁ᷄ḱḁᶱ ᵸᶪ

ᶊᶃᵣᶅ ᵶᶝᵸᴳᵲᶫᶊᶧᶩᴲḟḵ᷅ḱḨᶎḏḘᶹḁᶍ ᶇ ᶊ ꞌ

ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ ᶊᶧᶂᶅᶎᴲ│ᶉᶪḏḘᶹḁᵳᶇᶊ│ᶉᶪᶷḳ᷉ḲḂ

Ḩᶱ ᵸᶪ ᶡᵡᶩᶝᵸᴳᵲᶍ ᶍ ᶆᶎᴲ᷀ᴻḕḳᶊᶷḁḢ᷄Ḑᶱ ᵶ

ᶅ᷀ᴻḕḳᶱ ᵶᴲ᷈ḻḙᶹḱᴻᵫᵼᶫᶱטּ ᶆᵬᶪᶧᵥᶊᶆᵬᶪᵲᶇᶱ

ᵶᶝᵸᴳᵲᶍ ᶊᶧᶩᴲ᷀ᴻḕḳᶎטּ ᶍ᷄ḱḁᶍḏḘᶹḁᶊ ᶮᵺᶅ᷀ḁ

ḇḦᶹḂᵴᶫᶪᶧᵥᶊᶉᶩᶝᵸᵫᴲ ᶍḏḘᶹḁᶊᶎ ᵶᶉᵮᶉᶪּס ᵫ ᵮ

ᶉᶩᶝᵸᴳᵲᶫᶨᶍ ᶱ ᶞ ᶮᵺᶪᵲᶇᶆᴲ ᶊꞌᵷᶅḟḵ᷅ḱḨᶱ ꞌᵴ

ᵺᶪᵲᶇᵫᶆᵬᶝᵸ  Gᵲᶫᶊᶧᶩᴲ ᵣ┌ ᶱ ᵶᵾ ᶆᴲḙḝᶾᴻḦḻḁ

ᶱ ᶩ ᵸᵾᶠᶈᶫᵿᵰ ᶱ ᵥᵪᶱ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ 

 

 

GPU ᵫ ᵸᶪᵪ?  
 

ᵾᶀᶍ ᵮᶎᴲḟḵ᷅ḱḨᶍ ᶊ ᶱ ᵥᵾᶠᴲᴾGPU ᵫ ᵸᶪᵪ  R

ᶱ ᵸᶪḵḀḋ᷄ᵪᶨ ᶠᶝᵸᴳᵲᶫᵫᵲᶍ ᶆ⅛ᵥᵲᶇᶍ ᶝᶩᶆᵸᴳᵲᶫᵪ

ᶨ ᵸᶪᶧᵥᶊᴲḟḵ᷅ḱḨᶱ ᵪᶃ ᶊᵸᶪᶍᶊ ᶃᵴᶨᶊ ᵮᶍ

ᵫᵡᶩᶝᵸ  G

ḟḵ᷅ḱḨᶍḙḱḩᴻḇᴻּטᶎᴲ ᴲ ᶍ┌ ᴲḙḝᶾᴻḦḻḁᶍ┌

ᴲ ᶍ ᶊ ᶀᶝᵸ G

ᵲᶍ ᶆᶎᴲ ᶡ ᶉ᷄ᶽḲᴻᶇᴲᵼᶫᶨᶱḟḵ᷅ḱḨᶆ וֹ ᶊ ᵸᶪ

ᶊᶃᵣᶅ ᵶᵮ ᵶᶝᵸᴳ ᶆᶎᴲ᷄ᶽḲᴻᶆᵬᶪᶧᶩ ᶉḟḵḙḎᶸᴻᵫ

┴ᵣᶉᵮ ᵴᶫᶅᵣᶝᵸᴳ ᵧᶨᶫᶪᵸᶘᶅᶍ᷄ᶽḲᴻᶱ ᵸᶪᶊᶎᴲ 

ᶍ SYCL ᴲ ᵸᶪ᷈ḻḙᶹḱᴻᶍḑ᷂ḭḩḻḐᴲᵩᶧᶒ ᵸᶪּס

ᶍᵡᶪḱḻḇᶹḨ/ḑḱᶹḘᴻᶍḑ᷂ḭḩḻḐᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ 
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ḏḘᶹḁ ᶍḟḵḙḎᶸᴻᶎᴲḏḘᶹḁ ᶍ᷀ᴻ ḕḳφ ᶧᶒḷᴻ᷄᷅ḳᴻ

ḟᴴḟḵḙḎᶸᴻᶗᶍᶷ᷄ḃḁᶱ ᶠᴲget_info  ᶆ ᶆᵬᶝᵸ  G

 

 

᷀ᴻḕḳ᷈ᴻḑᶱᶧᶩ ᶉᶡᶍᶊ  
 

᷀ᴻḕḳᵳᶇᶍ᷈ᴻḏᶸḻ᷅ᶎᴲ ᶍ 3 ᶃᶍ᷀Ḏ᷉Ḳᴻᶊ ᵴᶫᶪᶇ ᵧᶪᶇ

ᶆ :н 

 

 ɯ ᷀ᴻḕḳ᷈ᴻḑ: ᶍ᷄ḱḁᶍḏḘᶹḁᶊ ᵴᶫᵹᴲᶈᵲᶆ

ᶡ ᶆᵬᶝᵸ  G
 

 ɯ ḏḘᶹḁḇᶹḟ ᶍ᷀ᴻḕḳ᷈ᴻḑ: ᶍḏḘᶹḁḇᶹḟᶍḪḏ

ḳᶊ ᶮᵺᶅ ᵴᶫᶅᵣᶉᵣᴲḏḘᶹḁḇᶹḟ (GPU CƎPUᴲ

FPGA ᶉᶈ) ᶆ ᵶᶝᵸᴳᵲᶫᶎᴲ ᵮᶍḏḘᶹḁḇᶹḟᵫ ᶍ

ᶱ ᵶᶅᵣᶪᵾᶠᴲᵸᶘᶅᶍḏḘᶹḁ ᵰᶊ ᵴᶫᵾ

ᶉ᷈ᴻḑᶊᶎ ᵴᶫᶉᵣּי ᶱ ᶂᶅᶡ↨ ᶆᵡᶪᵾᶠᴲ ᶊ

ᶆᵸ  G
 

 ɯ ᵴᶫᵾḏḘᶹḁ ᶍ᷀ᴻḕḳ᷈ᴻḑ: ḏḘᶹḁᶍ ᶍḙḱ

ḩᴻḇᴻᶊ ꞌᵸᶪḉḭᴻḓḻ᷅ᶱ ᶂᵾḏḘᶹḁḇᶹḟᶆ ᵶᶝ

ᵸᴳᵲᶫᶊᶧᶩᴲ ᶍḉḭᴻḓḻ᷅ᵪᶨ ᶉ טּ ᶝᶆᴲ

ᵣּס ᶱ᷀Ḙᴻᵶᶝᵸ  G

│ᶉᶪḏḘᶹḁḇᶹḟᶊ│ᶉᶪḙḇᴻḻᵫ ᶊᶉᶪᵲᶇᶱ ᵸᶪᶍᵫᴲḟ

ḵ᷅ḱḦᴻᶇᵶᶅᶍ ᵾᶀᶍ ᶆᵸ  G14 ᴲ  15 ᴲ  16 ᴲᵩᶧ

ᶒ  17 ᶆᶎᴲᵲᶍ ᶉ ᵧ ᶱ ᶨᵪᶊᵶᶝᵸᴳ 
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ᶡ╗ ᶉᶍᶎᴲ ᷀ᴻḕḳᶍ ᶱ ᵶᵣ ᶆ ᵴᵺᶪᵲᶇᶊ

ᶱ ᵮᵲᶇᵪᶨ ᶠᶪᶝᵸᴳ 2 ᶆᶎᴲ᷀ᴻḕḳ ᶱ ᵸᶪᶇᵬᶊḏḘḋ

᷅ᵫ ᶡ ⌐ᶆᵡᶪ ᶊᶃᵣᶅ ᶊ ᵶᶅᵣᶝᵸᴳ᷀ᴻḕḳᵫ ᵸᶪ

ᶧᵥᶊᶉᶂᵾᶨᴲ ᶍḏḘᶹḁḇᶹḟᶝᵾᶎḏḘᶹḁḪḏḳᶍ ᶊ ꞌᵴᵺᶪ

ᵾᶠᶊ ᵴᵺᶪᵲᶇᵫᶆᵬᶝᵸטּ  G

 

 14 ᶆᶎᴲḏḘᶹḁᶱ ᵸᶪ ᶊᴲᶝᵹ ᶱ ᵧᶪ ᶍ ᶞᶱ

ᵶᶝᵸᴳ᷈ᴻḑᶆ ᵸᶍᶎḙḇᴻḻ (ᶷḳ᷉ḲḂḨᶇᶡ ᶏᶫᶝ )н ᶍ ᶆᵡ

ᶩᴲᵴᶝᵵᶝᶉḏḘᶹḁᶊ│ᶉᶪḙḇᴻḻᵫ ᶆᵡᶪᵪᶱ ᵸᶪᶍᵫᴲḟḵ᷅

ḱḦᴻᶇᵶᶅᶍ ᵾᶀᶍ ᶆᵸᴳ 15  (GPU) ᴲ  16  (CPU) ᴲᵩᶧᶒ

 17  (FPGA) ᶆᶎᴲᵲᶫᶨᶍḏḘᶹḁḇᶹḟᶱ ᵸᶪ ᶇᴲ ᵸᶪḙ

ḇᴻḻᶱ ᵸᶪ ᶊᶃᵣᶅᵴᶨᶊ ᵶᵮ ᵶᶝᵸᴳᵲᵥᵶᵾ ᵲᵼᵫᴲḏ

Ḙᶹḁᶍ ᶊᶧᶂᶅ ᶉᶷḟḵᴻḉ (ḙḇᴻḻᶍ ) ᵫ│ᶉᶪ ᶊᴲ│

ᶉᶪḘᴻḀḯḻᶍ᷀ᴻḕḳᶱ ᵸᶪᵲᶇᶍ ᶇᶉᶩᶝᵸᴳ  

 

ᶍ ᶍḏḘᶹḁ ( ᶍ CPU GƎPU FƎPGA ᶉᶈ) ᵰᶊ ᵴᶫᵾ

᷀ᴻḕḳᵫᵡᶪ ᴲᵼᶫᶱ ᶍḡḻḈᴻᶣḏḘᶹḁᶍḪḏḳᶊ ᵴᵺᶪᶍ

ᶎ ᶆᵸᴳ ᶫᵾ᷈ᴻḏᶸḻ᷅ᴴḁḇᶹḳᶎ  Ǝ(ḏḘᶹḁ᷄ᶽḲᴻᵪᶨ ᶃ

ᵪᶂᵾ ᷊ᶹḂᶍ᷊ḥᴻḐᶉᶈ) ᶊ ᶄᵣᶅ᷈ᴻḑᶱḙḱḩᴻḇᴻּטᵸᶪᵲᶇᶆ

ᵸ  G

 

Ḧᴻ᷆Ḏᶸḻ᷅ ᶆᶎᶉᵮᴲḏḘᶹḁᶍ ᶍ ᶱ ᵸᶪ᷄ᶽḲᴻᴴḙḱ

ḩᴻḇᴻᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳḏḘᶹḁᶍḪḏḳ ᶱ ᵶᶅᵼᶫᶊ

ꞌᵸᶪᶍᶎᴲḟḵ᷅ḱḧḻ᷅ᶍ ᶇᵶᶅᶎ ᶆᶎᵡᶩᶝᵺᶲᴳᵲᶍᶧᵥᶉ᷈ᴻ

ḑᶎ ᵫᶉᵮᴲ┌ ᵫ ᵮᶉᶩᶝᵸᴳ 

 

᷊ḥᴻḐн ᶪḏḘᶹḁḇᶹḟᵳᶇᶊ│ᶉᶪ᷀ᴻḕḳ (᷀ᴻḕḳᶍ GPU ḘᴻḀḯ

ḻᴲ᷀ᴻḕḳᶍ FPGA ḘᴻḀḯḻᴲᵩᶧᶒ ḘᴻḀḯḻᶍ᷀ᴻḕḳ) ᶱ ᵸ

ᶪᶍᵫ╗ ᶆᵸᴳᶧᶩ ᶊᴲ ᶍḏḘᶹḁḡḻḈᴻᶣḏḘᶹḁḪḏḳᶱ᷊

ḥᴻḐᵸᶪ ᴲ᷀ᴻḕḳᶱ ᵸᶪᶍᶆᶎᶉᵮḙḱḩᴻḇᴻּטᶆᵬᶪ ḩḲḋ

Ḑᵫ ᶨᶫᶝᵸ  G ᶇ ᶮᶫᶪ ᶎᴲᶈᶀᶨᶆᶡ ᶊ ᵥᵲᶇᵫᶆᵬᶝᵸᴳ

ḙḱḩᴻḇᴻᶍ ᵫ ᵸᵭᶪᶇ᷈ᴻḑᵫ ᶊᶉᶩᴲ ᶞᶊᵮᵮᶉᶂᵾᶩᴲ

ᶊ ᶍ ᵫᵪᵪᶪּס ᵫᵡᶩᶝᵸᴳᵶᵪᵶᴲ╗ ᶊᴲḙḱḩᴻḇᴻᶎ᷀

ᴻḕḳᶍ 1 ᶃᶍḘᴻḀḯḻᶊᵥᶝᵮ ᶝᶩᶝᵸᴳ  
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ḙḱḩᴻḇᴻ ᶎᴲᶷḳ᷉ḲḂḨᶍטּ ᵫᶚᶛ ᵷᶆᶡᴲ ᶍḏḘᶹḁ

ᶍ ᶊ ᶮᵺᶅ ᵴᶫᶅᵣᶪ ᶊ ᶡ ᶆᵸᴳᶝᶂᵾᵮ│ᶉᶪᶷḟ

ḵᴻḉᴲḙḇᴻḻᴲᶝᵾᶎᶷḳ᷉ḲḂḨᶱ ᵸᶪ ᴲ│ᶉᶪ᷀ᴻḕḳᶱ

ᵸᶪ ᵫᶎᶪᵪᶊ᷄Ḳᴻḻᶆᵸ G

 

ḏḘᶹḁᶇ ᶱ ᵸᶪ   
 

 2  ᶆᶎᴲ ᵸᶪḏḘᶹḁᶱ ᵸ ᶅ 5 ᶃᶍ ᶱ ᵶᶅ ᵶᶅᵣᶝᵸ  G

ᶊᴲ  #1 ᶎ ᶡ ᶆᶉ  rᶈᵲᵪᶆ ᵸ  ᶅᶇᵣᵥᶡᶍᶆᵶᵾᵫᴲ

ḏḘᶹḁḝᶶḧḲᴻᵪᶨ ᶍḏḘᶹḁᶱᵪᶉᶩ ᶉḪḏḳᶱ ᶊ ᵸᶪᵲᶇ

ᶱ ᵶᴲ ᶡ ᶉ  #5 ᶊ ᵶᶝᵶᵾᴳᵼᶍטּ ᶊᵡᶪ  #2 ᵪᶨ

 #4 ᶎᴲ ᶇ ᶱ ᶌ ᵧᶅᵣᶝᵸ  G12 -1ᴲ  12 -2ᴲᵩᶧᶒ  

12 -4  ᶎᴲḏḘᶹḁᶍ ᶱ ᵶᶅᵣᶝᵸᴳ 

 

 12 -1 ᶎᴲ ᶆḏḝᶾḳḐḏḘᶹḁᶱ ᶆᵬᶪᶧᵥᶊᵶᵾ ᶆᶡ (  

2 ᶍ  #1) ᴲ ᵴᶫᵾḏḘᶹḁᶊ ᵸᶪ ᶱ ᶆᵬᶪᵲᶇᶱ ᵶᶅᵣ

ᶝᵸ  G

 

 12 -2  ᶎᴲ ᶍḏḘᶹḁ (ᵲᶍ ᶎ GPU) ᶱ ᵶᶅ᷂ḭᴻᶱ ᵸ

ᶪ ᶱ ᵶᶅᵣᶝᵸᵫ GƎPU ᵫ ᶆᵬᶉᵣ ᶎ ᶊḏḝᶾḳḐḏḘᶹ

ḁᶊḝᶾᴻḳḘḋ᷄ᵶᶝᵸᴳᵲᶫᶊᶧᶩᴲ סּ ᶉ GPU ᵫᵡᶪ ᶎᴲ ᶊᵼ

ᶫᶱ ᵶᶅ ᵸᶪᵲᶇᶆᴲḏḘᶹḁᶍ ᶆ╗ ᶍ ᵫּס ᶇᶉᶩᶝᵸᴳ

ᶉᵮᶇ  ɟ1 ᶃᶍḏḘᶹḁᵫ ᵸᶪᵲᶇᵫ ᵴᶫᶅᵣᶪᵾᶠᴲ᷀ᴻḕḳᶎ ᶊ

ᶊ ᵴᶫᵾ᷿ḁḎḨᶆ ᶆᵬᶝᵸGGPU ᵫᶉᵣ ᴲ ᵮᶍ᷿ḁḎḨᶆ

ᶎḏḝᶾḳḐᶆ CPU ḏḘᶹḁᵫ ᵴᶫᶝᵸᵫᴲᵼᶍ ᶎᵡᶩᶝᵺᶲᴳ ᶊᴲ

CPU ḏḘᶹḁᶱ ᶊ ᵶᵾ ᴲᵼᶍḏḘᶹḁᵫ ᵸᶪ ᶡᵡᶝᵺᶲ 

(ᵾᵿᵶᴲּךᶨᵪᶍḏḘᶹḁᵫ ᵸᶪᵲᶇᶎ ᵴᶫᶝᵸ)  G
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 12 -2  ᶊ ᵸḅḲḭᴻ᷿ḯḻᶎᵩ ᶠᵶᶝᵺᶲ  G12 -2  ᶎᴲ ᶆᶽḱ

ᴻᵫ ᵶᶣᵸᵣ╠ ᶱ ᵧᶪᵿᵰᶆᶉᵮᴲ ᶊ ᶍ GPU ᵫ סּ

ᶆᵡᶪ ᴲᶈᶍ GPU ᵫ ᵴᶫᶪᵪ ᶆᵬᶝᵺᶲᴳ ♬ᶆ ᶆᵡᶪᶊ

ᶡᵪᵪᶮᶨᵹᴲᶧᶩ ᵣ ᵫᵡᶩᶝᵸ ᶍG  (  12 -4 ) ᶊ ᵸᶧᵥᶊᴲ᷀ḁ

ḇḨᴴḏḘᶹḁᴴḃḴ᷄ḇᴻᶱ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳ 

 
queue  q;  

 

std ::cout << "By default, we are running on "  

  << q. get_device (). get_info <info :: device ::name>()  

  << " \ n" ;  

  

 
 ( ᵳᶇᶊ 1  ï ᷿ḁḎḨᶊᶧᶂᶅ│ᶉᶩᶝ )н:  

By default, we are running on NVIDIA GeForce RTX 3060  

By default, we are running on AMD Radeon RX 5700 XT  

By default, we are running on Intel(R) UHD Graphics 770  

By default, we are running on Intel(R) Xeon(R) Gold 6336Y CPU @ 2.40GHz  

By default, we are running on Intel(R) Data Center GPU Max 1100  

 
 12 - 1.  ḏḝᶾḳḐᶆ ᶩ ᶅᶨᶫᶅᵣᶪḏḘᶹḁ 

 

ḏḘᶹḁᶊ ᵸᶪ ᵣ ᶮᵺᶎᴲḏḘᶹḁᶊᶃᵣᶅꞌ ᵸᶪᵾᶠᶊᶹḻḁḐᴻḳ

ᵴᶫᵾḅḝḐᶻᶼ  ʊ( ᶉḮᴻ᷾ᴻḴḡḳᴴḑḱᶹḘ) ᶊ∟ ᵶᶝᵸ SGYCL ᶎᵲ

ᶫᶊ∟ ᵶᶅᵣᶝᵸᴳᵲᶫᶎᴲᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᵫḗᴻḑᶻᶼᶷᶗᶍᶷ᷄

ḃḁᶊḑḱᶹḘᴻᶱ ᶇᵸᶪᶍᶇ ᵷᶆᵸᴳḗᴻḑᶻᶼᶷᶱḦ᷿ḻᶊᶹḻḁḐᴻḳ

ᵸᶪᵿᵰᶆᶎ ᶆᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

295  

 

 
auto  GPU_is_available = false ;  

  

try  {  

device   testForGPU ( gpu_selector_v );   

GPU_is_available = true ;  

} catch  (exception const & ex) {  

std ::cout << "Caught this SYCL exception: "  << ex . what ()  

          << std ::endl;  

}  

 

auto  q = GPU_is_available ? queue ( gpu_selector_v )  

   : queue ( default_selector_v );  

 
std ::cout  

   << "After checking for a GPU, we are running on: \ n"   

   << q. get_device (). get_info <info :: device ::name>()  

   << " \ n" ;  

 
4 ᶃᶍ  (4 ᶃᶍ│ᶉᶪ᷿ḁḎḨᴲᵼᶫᵽ  ʟ GPU ):  

After checking for a GPU, we are running on:  

 AMD Radeon RX 5700 XT  

After checking for a GPU, we are running on:  

 Intel(R) Data Center GPU Max 1100  

After checking for a GPU, we are running on:  

 NVIDIA GeForce RTX 3060  

After checking for a GPU, we are running on:  

 Intel(R) UHD Graphics 770  

  

 (GPU ᶍᶉᵣ᷿ḁḎḨᶱ ):  

Caught this SYCL exception: No device of  

requested type 'info::device_type::gpu' available.  

...(PI_ERROR_DEVICE_NOT_FOUND)  

After checking for a GPU, we are running on:  

 AMD Ryzen 5 3600 6 - Core Processor  

 
 12 - סּ  .2 ᶉ ᶎ try - catch ᶱ ᵶᶅ GPU ḏḘᶹḁᶱ ᵶᴲᵼᵥᶆᶉᵣ

ᶎḏḝᶾḳḐᶍḏḘᶹḁᶱ ᵶᶝ н
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ᶷḁḢ᷄Ḑ 

 

SYCL ᶊᶎᴲḏḘᶹḁᶍ ᶱ ᵶᴲ ᵸᶪḏḘᶹḁᶱ ᵶᴲḏḘᶹḁ

ᶊ ᵸᶪ᷀ᴻḕḳᶍ ᶊ ᶆᵬᶪḏḘᶹḁʊ ḁḢ᷄ḐᶍḲḁḐᵫᵡᶩᶝᵸᴳ

ᵲᶍ ᶍ ᶆᶎᴲᴾ᷀ᴻḕḳᶍ Rּט  ᶇ᷀ᴻḕḳᶍḎḻḟḴᴻḐּטᶊᶃᵣᶅ

ᵶᶝᵸᴳᵲᵲᶆᶎᴲḏḘᶹḁᶍ᷄ᶽḲᴻᶇ ᶇᵼᶫᶨᶍ ᶱ ᵶᶝᵸᴳ

 12 -3  ᶎ SƎYCL ᶱ ᵸᶪᵸᶘᶅᶍ C++ ḟḵ᷅ḱḨᶆ ᶆᵬᶪᶧᵥᶊ 

SYCL ᶆ ᵴᶫᶅᵣᶪᶷḁḢ᷄Ḑᶱ ᵶᶅᵣᶝᵸᴳᶷḁḢ᷄Ḑᶎ ᶊḞᴻḳ

ᶆᵡᶪᵾᶠᴲḏḘᶹḁᶊ ᵹᵶᶡᶷḁḢ᷄Ḑᵫ ᶮᶪᶇᶎ ᶩᶝᵺᶲᴳ ᶍ 4 

ᶃ (cpu/gpu/accelerator/custom ) ᶎᴲḏḘᶹḁḇᶹḟᵫ SYCL 2020 ᶊ

ᶧᶂᶅ ᶇᵶᶅ ᵴᶫᶅᵣᶪᵾᶠᴲ ᶊ ᶆᵸaGspect::fp16 ᴲ

aspect::fp64 aƎspect::atomic64  ᶉᶈᶍ ᶎ ᴾᶿḟ᷿ḯḻ ᴿ ᶆᵡᶪ

ᵾᶠᴲᵸᶘᶅᶍḏḘᶹḁᶆ᷊ḥᴻḐᵴᶫᶅᵣᶪᶇᶎ ᶩᶝᵺᶲᴳ ᶱ ᶠᶪᶷ

ḟḲ᷆ᴻ᷿ḯḻᶆᶎᴲᵲᶫᶨᶍḎḁḐᵫ ᶊ ᶊᶉᶪ ᵫᵡᶩᶝᵸᴳ  
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ᶷḁḢ᷄Ḑ (ᵸᶘᶅḞᴻḳ )  ḏḘᶹḁ ...  
aspect::cpu  CPU ᶆ᷈ᴻḑᶱ  

aspect::gpu  GPU ᶆ᷈ᴻḑᶱ  

aspect::accelerator  ᶷ᷄ḃḱḴᴻḇᴻᶆ᷈ᴻḑᶱ  

aspect::custom  ᶍᶞ ᵶᴲḟḵ᷅ḱḨּס ᶉ᷀ᴻ

ḕḳᶎ᷊ḥᴻḐᵴᶫᶉ  r

aspect::emulated  ḙḝᶾᴻḦḻḁᶍᵾᶠᶆᶎᶉᵮᴲᶽḧḭḴᴻḇ

ᴻᶆ᷈ᴻḑᶱ ᵶᶝᵸᴳ ᶎḏḘḋ᷅ᶣḟ

ḵḝᶶᶹḳᶉᶈᶊ ᵴᶫᶝ  н

aspect::host_debuggable  ᶉḏḘḋ᷅ᶱ ᶊ᷊ḥᴻḐᶆᵬᶝ  н

aspect::fp16  sycl::half  ḏᴻḇ ᶱ᷊ḥᴻḐ 

aspect::fp64  double  ḏᴻḇ ᶱ᷊ḥᴻḐ 

aspect::atomic64  64 ḛḋḐᶷḐḧḋ᷄ ᶱ᷊ḥᴻḐ 

aspect::image  ᶹḩᴻḀᶱ᷊ḥᴻḐᵶᶝᵸᵫᴲ ᶆᶎᵲᶍḐ

Ḝḋ᷄ᶊᶃᵣᶅᶎ ᶩ ᵱᶅᵣᶝᵺ  ɸ( ᶮ

ᶩᶊᴲ ᶆ┌ ᶍ ᵣḘḋḝᶶᴻᶊ

ᶱ ᵣᶅᵣᶝ )н  

aspect::online_compiler  

aspect::online_linker  
ḏḘᶹḁ᷈ᴻḑᶍᶿḻḱᶹḻ᷈ḻḙᶹḳᵩᶧᶒ

/ᶝᵾᶎḲḻ᷄ᶱ᷊ḥᴻḐᵶᶝᵸᴳ 

ᵲᶍᶧᵥᶉḏḘᶹḁᶎ build() ᴲ

compile() lƎink()  ᶱ᷊ḥᴻḐᵶᶅᵣ

ᶪּס ᵫᵡᶩᶝᵸᵫᴲᵲᶫᶨᶎ ᶆᶎ⅛

ᶮᶫᶅᵣᶉᵣ ᶉḐḜḋ᷄ᶆᵸ G

aspect::queue_profiling  ᷂ḭᴻᶱ᷊ḥᴻḐᵸᶪ ᶉḐḜḋ᷄ᶊᶃᵣᶅ

ᶎᴲ  13 ᶆ ᶍ ᶉḚḻḐᶇᶇᶡᶊ

ᵶ ᵴᶫᶅᵣᶝᵸ  G

aspect::usm_device_allocations  

aspect::usm_host_allocations  

aspect::usm_atomic_host_allocations  

aspect::usm_shared_allocations  

aspect::usm_atomic_shared_allocations  

ꞌᵸ  ᶅUSM ᶱ᷊ḥᴻḐ 

aspect::usm_system_allocations  SYCL USM ᶩ ᶅ ᶒ ᵶᵿᵰᶆᶉᵮᴲ

᷿ḁḎḨᴴᶷḵ᷆ᴻḇᴻᶊᶧᶂᶅ ᶩ ᶅᶨᶫ

ᵾḏᴻḇᶍ ᶱ᷊ḥᴻḐᵶᶝᵸᴳᵲᶍᶧᵥᶉ

ᶎ┌ ᶊ☼ ᶱ ᵧᴲḙḝᶾᴻḦḻ

ḁᶊ☼ ᶱ ᵧᶪּס ᵫᵡᶩᶝ  н

 
 12 - 3.  SYCL ᶆ ᵴᶫᶅᵣᶪᶷḁḢ᷄Ḑ ( ᶊᶧᶩᵴᶨᶊ סּנּ )  
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᷀ḁḇḨᴴḏḘᶹḁᴴḃḴ᷄ḇᴻ 

 

 12 -4  ᶆᶎᴲ᷀ḁḇḨᴴḏḘᶹḁᴴḃḴ᷄ḇᴻᵫ ᵴᶫᶅᵣᶝᵸᴳ᷀ḁḇḨᴴḏ

ḘᶹḁᴴḃḴ᷄ḇᴻᶊᶃᵣᶅᶎᴲ᷈ᴻḑᶍ ᶱ ᵸ  ᶅ#5 ᶇᵶᶅᴲ  

2 ᶆ ᵶᶝᵶᵾ (  2 -16 )ᴳ᷀ḁḇḨᴴḏḘᶹḁᴴḃḴ᷄ḇᴻᶎᴲᶷḟḲ᷆ᴻ᷿

ḯḻᶆ סּ ᶉ ḏḘᶹḁᶱ ᵶᶝᵸᴳלּ ḁ᷈ᶷᶱ ᵾḏḘᶹḁᶊ ᶄᵣᶅ

ᶍḏḘᶹḁᵫ ᵴᶫᶝ  н ( ḁ᷈ᶷᵫ - 1 ᶍḏḘᶹḁᶎ ᵴᶫᶝᵺ )ɸᴳ

ᵲᶍ ᶆᶎᴲḃḴ᷄ḇᴻᶱ ᵶ ᶂᶅᶞᶝᵸ: 

 

 ɯ GPU ∙ ᶱ ᵶᶝ  н( - 1 ᶱ ᵶᶝ )н  G

 

 ɯ ḡḻḈᴻ ᶊ APCME  Rᶇᵣᵥ ᵫ ᶝᶫ  ᶅGPU ᶱ ᵶᶝ  н

(Martian ᶍ ᶎ 24 ᴲᵼᶫ∙ ᶍ ᶎ 824 ᶱ ᵶᶝ )н  G

 

 ɯ Martian ∙ ᶍ GPU ᶆᵡᶫᶏᶈᶫᶆᶡ ᶆ  н(799 ᶱ ᵶ

ᶝ )н  G

 

 ɯ ACME ᶆᶎᶉ  rMartian GPU ᶎ ᵴᶫᶝ  н( - 1 ᶱ ᵶᶝ

)н  G

 

ᶍḃ᷿᷄ḯḻ ᴾ ᶱ ᶀᶝᵶᶦ :v get_info<>  Rᶆᶎ gƎet_devices() ᴲ

get_platforms() ᴲᵩᶧᶒ get_info<>  ᵫ ᵸᶪ ᶉ ᶊᶃᵣᶅ ᵶ

ᵮ ᵶᶝᵸᴳᵲᶫᶨᶍᶹḻḇᴻḝᶼᶹḁᶎᴲ 2 -16  ᶇ  12 - 4  ᶊ ᵸ ᶉḡ

ḻḈᴻ ḉᶼḋ᷄ᶉᶈᴲḏḘᶹḁᶍ ᶊ ᶆᵬᶪᵡᶨᶥᶪ ᶍḵḀḋ᷄ᶱּס

ᶊᵶᶝᵸ  G
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#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

  

int  my_selector ( const  device&  dev ) {  

  int  score = - 1;  

  

  // ᵾᶀᶎ  Martian GPU ᴲ ᶊ ACME GPU ɵ ᶞᶝ  н  

  if  ( dev . is_gpu ()) {  

  if  ( dev . get_info <info :: device ::vendor>(). find ( "ACME") !=  

   std :: string ::npos)  

 score += 25;  

  

  if  ( dev . get_info <info :: device ::vendor>(). find (  

 "Martian" ) == std :: string ::npos)  

   score += 800 ;  

}  

  

// ᷿ḁḎḨᶊ GPU ᵫᶉᵣ ᴲн ᶘᶅᶍḏḘᶹḁᶊ ᶍḁ᷈ᶷᵫ ᵧᶨᶫᴲ 

// ḃḴ᷄ḇᴻᶎḏḘᶹḁᶱ ᵶᶝᵺᶲᴳᵲᶫᶊᶧᶩ ᵫ ᵶᶝᵸᴳ 

 return   score;  

}  

  

int  main () {  

  try  {  

   auto   q = queue {my_selector};  

    std ::cout  

       << "After checking for a GPU, we are running on: \ n "   

       << q. get_device (). get_info <info :: device ::name>()  

       << " \ n" ;  

 } catch  (exception const & ex) {  

   std ::cout << "Custom device selector did not select a "   

     "device. \ n" ;  

   std ::cout << "Caught this SYCL exception: "  << ex . what ()  

     << std ::endl;  

   }  

  

 return  0;  

}  

 
4 ᶃᶍ  (4 ᶃᶍ│ᶉᶪḁḎḨᴲᵼᶫᵽ  ʟ GPU ):  

After checking for a GPU, we are running on:  

 Intel(R) Gen9 HD Graphics NEO.  

After checking for a GPU, we are running on:  

 NVIDIA GeForce RTX 3060  

After checking for a GPU, we are running on:  

 Intel(R) Data Center GPU Max 1100  

After checking for a GPU, we are running on:  

 AMD Radeon RX 5700 XT  

  

 (GPU ᶍᶉᵣ᷿ḁḎḨᶱ ):  

After checking for a GPU, we are running on:  

Custom device selector did not select a device.  

Caught this SYCL exception: No device of requested  

 
 12 - 4.  ᷀ḁḇḨᴴḏḘᶹḁᴴḃḴ᷄ḇᴻ -  ᵴᶫᶪḅḲḭᴻ᷿ḯḻ 
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ᶱ ᶀᶝᵶᶦ :v get_info<>  

 

ḟḵ᷅ḱḨᵫ ᶊ סּ ḏḘᶹḁ  ɵᴾ ᶪ RᶊᶎᴲḏḘᶹḁ᷄ḱḁᵪᶨ

סּ ᶉḏḘᶹḁᶱ ᵶ gƎet_info<>  ᶱ ᵶᶅ ᶍḏḘᶹḁᶊᶃᵣᶅ ᵶ

ᵣ ᶱ ᶆᵬᶝᵸᴳᵲᵲᶆᶎᴲᵲᶫᶨᶍᶹḻḇᴻḝᶼᶹḁᶱ ᵶᶅ ᶱḈ

ḻḟᵶᴲ ᶆᵬᶪᶧᵥᶊᵸᶪᴲ ᵣ ᶉḟḵ᷅ḱḨ (  12 -5  ᶱ

) ᶱ ᵶᶝᵸ  G 

 

ᵲᶫᶎᴲᵲᶫᶨᶍᶹḻḇᴻḝᶼᶹḁᶱ ᵸᶪḟḵ᷅ḱḨᶱ ᶝᵾᶎḏḘḋ᷅

ᵸᶪᶇᵬᶍ ḉᶼḋ᷄ᶊ ᶊ ᶀᶝᵸᴳᵲᶍḟḵ᷅ḱḨᵫ ᶈᵩᶩᶊ

ᵶᶉᵣ ᴲ ᶉḅḝḐᶻᶼᶷᴴḑḱᶹḘᴻᵫ ᵶᵮᶹḻḁḐᴻḳᵴᶫᶅᵣᶉᵣ

ᵲᶇᵫ ╣ᶆᵡᶪᵲᶇᵫ ᵮᵡᶩᶝᵸ  G12 -6  ᶎᴲᵲᶍḟḵ᷅ḱḨᶍ ᶇᴲ

ᵸᶪḏḘᶹḁᶊ ᵸᶪ ᵫ ᵴᶫᶅᵣᶝᵸ G

ᶍ ᴾ סּ ᶉᵸᶘᶅᶍ SYCl ḏḘᶹḁᶱ╗ ᵸᶪ  Rḟḵ᷅ḱḨᶱ

ᵸᶪ ᶊᴲ᷿ḁḎḨᵫ sycl - ls ᶉᶈᶍḮᴻḎᶸḲḎᶸᴻᶱ᷊ḥᴻḐᵶᶅᵣ

ᶪᵲᶇᶱ ᵸᶪᵲᶇᶱᵩ ᶠᵶᶝᵸ G  

סּ // ᶉḟḱḋḐḝᶾᴻḨᶱḳᴻḟ  

for  ( auto   const & this_platform :  

   platform :: get_platforms ()) {  

  std ::cout  

   << "Found platform: "  

   << this_platform . get_info <info :: platform ::name>()  

   << " \ n" ;  

  

 // ᵲᶍḟḱḋḐḝᶾᴻḨᶆ סּ ᶉḏḘᶹḁᶱḳᴻḟ  

 for  ( auto   const & this_platform :  

   this_platform . get_devices ()) {  

    std ::cout  

    << " Device: "  

    << this_device . get_info <info :: device ::name>()  

    << " \ n" ;  

   }  

 std ::cout << " \ n" ;  

}  

 
 12 - 5.  ḏḘᶹḁᴴ᷄ᶽḲᴻᴴḩ᷀ḓḂḨᶍ ᶉ: curious.cpp  
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% clang++ - fsycl fig_12_5_curious.cpp - o curious  

 

% ./curious  

Found platform: NVIDIA CUDA BACKEND  

 Device: NVIDIA GeForce RTX 3060  

 

Found platform: AMD HIP BACKEND  

 Device: AMD Radeon RX 5700 XT  

 

Found platform: Intel(R) OpenCL  

Device: Intel(R) Xeon(R) E - 2176G CPU @ 3.70GHz  

 

Found platform: Intel(R) OpenCL   HD Graphics  

 Device: Intel(R) UHD Graphics P630 [0x3e96]  

 

Found platform: Intel(R) Level - Zero  

Device: Intel(R) UHD Graphics P630 [0x3e96]  

 

Found platform: Intel(R) FPGA Emulation Platform for OpenCL(TM)  

Device: Intel(R) FPGA Emulation Device  

 
 12 - 6.  curious.cpp ᵪᶨᶍ  

 

ᶱ ᶀᶝᵶᶦ :v ᶉ ᷈ᴻḑ 

 

get_info  ᶆ ᶆᵬᶪ ᶍ╗ ᶱ ᵸᵾᶠ vƎerycurious.cpp  (  

12 -7 ) ḟḵ᷅ḱḨᶱ ᵶᶝᵸᴳᶩ ᵶᶝᵸᵫᴲḟḵ᷅ḱḨᶍ ᶣḏḘḋ᷅ᶱ

ᵥ ᶊᴲᵲᶍᶧᵥᶉ᷈ᴻḑᶱ ᵶᶝᵸᴳ 

 

ᶊᶷ᷄ḃḁᵸᶪ ᶱ ᵶᵾᶍᶆᴲ ᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶆ᷄ᶽḲᴻᶱ

ᵶᴲᶷ᷿᷄ḯḻᶱ ᵲᵸ ᶆ ᶡ ᶉ ḝᶸᴻḳḑᶊᶃᵣᶅ ᵶᶝᵸᴳ 
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template  <typename  queryT , typename  T>  

void  do_query ( const  & obj_to_query ,  

  const  std :: string & name, int  indent  = 4) {  

std ::cout << std :: string (indent, ' ' ) << name << " is '"  

  << obj_to_query . template  get_info <queryT >()  

  << "' \ n" ;  

}  

  

int  main () {  

 // ᵲᶍ סּ ᶉḟḱḋḐḝᶾᴻḨᶱḳᴻḟ  

 for  ( auto  const & this_platform :  

platform :: get_platforms ()) {  

 std ::cout << "Found Platform: \ n" ;  

do_query<info::platform::name>(this_platform,  

"info::platform::name" );  

// ᷄ᶽḲ ᶎ ᶍᶧᵥᶊᶉᶩᶝ  н (ḟḵ᷅ḱḨᶆᶎᵲᶍ ᶊ ᵴᶫᶅᵣᶪᶧ  ɭ

// ᶡ ᵮᶍ ᵫᵡᶩᶝ  н -  ᶍ github ᶱ )  

 

// ᵲᶍḟḱḋḐḝᶾᴻḨᶆ סּ ᶉḏḘᶹḁᶱḳᴻḟ 
for  ( auto & dev : this_platform . get_devices ()) {  

std ::cout << " Device: "  

 << dev . get_info <info :: device ::name>()  

 << " \ n" ;  

// is_cpu() == has(aspect::cpu)  

std ::cout << "  is_cpu(): "  

         << ( dev . is_cpu () ? "Yes"  : "No" ) << " \ n" ;  

// is_cpu() == has(aspect::gpu)  

std ::cout << "  is_gpu(): "  

          << ( dev . is_gpu () ? "Yes"  : "No" ) << " \ n" ;  

std ::cout << "  has(fp16): "  

  << ( dev . has ( aspect ::fp16) ? "Yes"  : "No" )  

<< " \ n" ;  

// fig_12_7_very_curious.cpp ᶊᶎᵴᶨᶊ ᵮᶍ᷄ᶽḲᵫ 

// ᵴᶫᶅᵣᶝᵸ  G

// ḅᴻḁ᷈ᴻḑᶊᶃᵣᶅᶎᴲ ᶍ github ᶱ ᵶᶅᵮᵿᵴᵣ  G

    }  

std ::cout << " \ n" ;  

  }  

return  0;  

}  

 
 12 - 7.  ḏḘᶹḁᴴ᷄ᶽḲᴻᴴḩ᷀ḓḂḨᶍ ᵶᵣ : verycurious.cpp  

(᷊ḞḃḋḐᶱ )  
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ᶊ ᵣ: get_info  ᶇ has()  

 

has()  ᶹḻḇᴻḝᶼᶹḁᶱ ᵸᶪᶇᴲḟḵ᷅ḱḨᶎ 12 - 3  ᶊḲḁḐᵴᶫᶅᵣ

ᶪᶷḁḢ᷄Ḑᶱ ᵶᶅ ᶱ ḎḁḐᶆᵬᶝᵸᴳ ᶉ ᵣ  ɵ12 - 7  ᶊ

ᵶᶝᵸᴳᵴᶨᶊ ᵶᵣ ᶎGƎitHub ᶍ verycurious.cpp  ᶊ ᶉḅ

ᴻḁ᷈ᴻḑᵫᵡᶩᶝᵸvGerycurious.cpp  ḟḵ᷅ḱḨᶎᴲ᷿ḁḎḨ ᶍḏḘᶹḁ

ᶍ ᶱ ᵸᶪᶍᶊ ᶀᶝᵸ  G

 

 

ḏḘᶹḁ  
 

ᵲᶍ ᶍ ᶆ ᵶᵾ ᴾ ᵣ Rᵩᶧᶒ ᴾ ᶊ ᵣ Rḟḵ᷅ḱḨ

ᶆᶎᴲ╗ ᶉ SYCL ḏḘᶹḁ᷄ḱḁᶍḩḻḘᴻ  ( is_cpu iƎs_gpu ᴲ

is_accelerator gƎet_info hƎas ) ᶱ ᵶᶅᵣᶝᵸᴳᵲᶫᶨᶍḩḻḘᴻ

ᶎ SƎYCL ᶍ SPYCL ḏḘᶹḁ᷄ḱḁᶍḩḻḘᴻ ᴿ ᶍ ᶊ ᵴᶫᶅᵣ

ᶝᵸ  G

 

ᴾ ᵣ Rḟḵ᷅ḱḨᶍ ᶆᶎ gƎet_info  ḩḻḘᴻ ᶱ ᵶᵾ ᶍ

ᶡ ᵣᶝᵶᵾᴳᵸᶘᶅᶍ SYCL ḏḘᶹḁᶆ᷊ḥᴻḐᵫ ᶉ᷄ᶽḲᴻᶍḃḋḐ

ᵫᵡᶩᶝᵸᴳᵲᶍᶧᵥᶉ ᶍ ᶉḲḁḐᶎᴲSYCL ᶍ ᴾḏḘᶹḁ

 Rᶇᵣᵥ ᶊ ᵴᶫᶅᵣᶝᵸ  G

 

 

ḏḘᶹḁ ᶍ᷀ᴻḕḳ  
 

ḟḱḋḐḝᶾᴻḨᶣḏḘᶹḁᶇ ᶊᴲget_info ᶱ ᵶᶅ᷀ᴻḕḳᶊ ᵸ

ᶪ ᶱ ᶆᵬᶝᵸᴳᵲᶫᶨᶍ  (᷊ḥᴻḐᵴᶫᶅᵣᶪḷᴻ᷄᷅ḳᴻḟᶍ᷊ᶹ

Ḃᴲ ᵴᶫᶪḷᴻ᷄᷅ḳᴻḟᶍ᷊ᶹḂᴲḷᴻ᷄ ᵳᶇᶊ ᶉḟḱᶹḡᴻḐᴴḩ

ḪḲᴻ ᶉᶈ) ᶎḏḘᶹḁᶊ ᶆᵡᶪּס ᵫᵡᶪᵾᶠᴲ᷀ᴻḕḳ᷄ḱḁᶍ 

get_info ḩḻḘᴻ ᶎḏḘᶹḁᶱ╥ ᶇᵶᶅ ᵰ ᶫᶝᵸᴳ 
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:  
 

ᵲᵲᶆᶎᴲ ᶊ ᶉ ᶇᴲḉḭᴻḓḻ᷅ᶊᶎ ᶀᶝᵸᵫ ᶊᶎ

ᶆᶎᶉᵣ ᶊ ᵰᶅ ᵶᶝᵸ  G

 

ᶍ ᶍ᷀Ḏ᷉Ḳᴻᶆᶎᴲ᷀ᴻḕḳᶱ ᶊ ᵸᶪᵾᶠᶊ ᶆᵡᶪ

ᶱ ᵶᶝᵸᴳᵲᵲᶆ ᵸḏḘᶹḁᶍ ᶊ ᶮᶉᵣᶇᴲḟḵ᷅ḱḨᵫ ᵸᶪ

ᵲᶇᶊᶉᶩᶝᵸᴳ  12 - 8  ᶎᴲᵲᶫᶨᶍḙḱḩᴻḇᴻᶱᵣᵮᶃᵪ ᵶᴲᵼᶍ ᶱ

ḣḁḐ᷈ᴻḑᶇ᷀ᴻḕḳ᷈ᴻḑ (ḱḨḈᶍ᷂ḫḟḉḫᴻ ) ᶆ ᵸᶪ ᶱ

ᵶᶅᵣᶝᵸᴳᵲᶍ ᶱ ᵸᶪᵾᶠ᷈ᴻḑᶱ ᶆᵬᶝᵸᴳ ᵧᶏᴲḘḋḝᶶᴻ

᷊ᶹḂᶣḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᶱ ᵸᶪᶍᶊ ᶀᶝᵸᴳ 

 
queue  q;  

device  dev = q. get_device ();  

 

std ::cout << "We are running on: \ n"  

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

  

// ᶍᶧᵥᶉ᷄ᶽḲᴻ ᶱוֹ ᵶᶅᴲ᷀ᴻḕḳ ᶒ ᵶᵫ 

// ᶈᶍ ᶍ ᵬᵴᶊᶉᶪᵪᶱ ᶆᵬᶝᵸ  G  

auto  maxWG = 

dev . get_info <info :: device ::max_work_group_size>();  

auto  maxGmem = 

dev . get_info <info :: device ::global_mem_size>();  

auto  maxLmem = 

dev . get_info <info :: device ::local_mem_size>();  

 

std ::cout << "Max WG size is "  << maxWG 

 << " \ nGlobal memory size is "  << maxGmem 

 << " \ nLocal memory size is "  << maxLmem << " \ n" ;  

 
 12 - 8.  ᷀ᴻḕḳᶱ ᵸᶪᵾᶠᶊ ᶆᵬᶪḙḱḩᴻḇᴻᶱ  

 ( : sub_group_sizes ) ᶊ┴ ᵸᶪ᷀ᴻḕḳᶱ ᵸᶪᶇᴲḱḻ

ḇᶹḨᶽḱᴻᵫ ᵶᶝᵸᴳ 
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ḏḘᶹḁ᷄ᶽḲ  ᴻ

 

device_type : cpu gƎpu aƎccelerator cƎustom 11 aƎutomatic aƎll ᴳᵲᶫ

ᶨᶎ iƎs_cpu iƎs_gpu()  ᶉᶈᶊᶧᶂᶅ ᶡ ᶊḎḁḐᵴᶫᶝ  н(  12 -7  ᶱ

)  G

 

max_work_item_sizes: nd_range  ᶍḷᴻ᷄᷅ḳᴻḟᶍᵼᶫᵽᶫᶍ ᶆ

ᵴᶫᶪḷᴻ᷄ ᶍ ᴳ ᶎ (1 1Ǝ 1Ǝ) ᶆᵸ  G

 

max_work_group_size:  ╗ ḮḓḋḐᶆ᷀ᴻḕḳᶱ ᵸᶪḷᴻ᷄᷅ḳ

ᴻḟᶆ ᵴᶫᶪḷᴻ᷄ ᶍ ᴳ ᶎ 1 ᶆᵸ  G

 

global_mem_size:  ᷅ḵᴻḘḳḩḪḲᴻᶍ᷊ᶹḂ (ḘᶹḐ ∞)  G
 

local _mem_size:  ḵᴻ᷀ḳḩḪḲᴻᶍ᷊ᶹḂ (ḘᶹḐ ∞)ᴳ ᷊ᶹḂᶎ 

32K  G 

 

max_compute_units: ḏḘᶹḁᶆ סּ ᶉ ᶍ ᶱ ᵶᶝᵸᴳ

ᶆᵡᶪᵾᶠᴲ ᶊ ᵶᶅᵮᵿᵴᵣᴳ 

 

sub_group_sizes: ḏḘᶹḁᶆ᷊ḥᴻḐᵴᶫᶪ᷊Ḟ᷅ḳᴻḟᴴ᷊ᶹḂᶍḃḋḐ

ᶱ ᵶᶝᵸ  G

 

USM ᶉᶈᴲᵴᶨᶊ ᵮᶍ ᵫᶷḁḢ᷄Ḑᶇᵶᶅᶽḻ᷈ᴻḑᵴᶫᶪᵲᶇᶊ

≥ᵶᶅᵮᵿᵴ  r(  12 -3  ᶱ )  G

 

 

 

 

 

 

 

 

 
11  ᶆᶎ᷀ḁḇḨḏḘᶹḁᶊᶃᵣᶅᶎ ᵶᶝᵺ ɸ(ᴾ᷀ḁḇḨḏḘᶹḁᴿ ᶇ ᴾ᷀ḁḇḨᴴḏḘᶹḁᴴḃḴ᷄ḇ

ᴻ  Rᶱ ᵶᶉᵣᶆᵮᵿᵴ )r ᴳ᷀ ḁḇḨḇᶹḟᶱ ᵶᶅ ᶱ ᵸᶪḏḘᶹḁᶱḟḵ᷅ḱḧḻ᷅ᵸᶪ

ᴲᵼᶍḏḘᶹḁᶍḑ᷂ḭḩḻḐᶱ ᶘᶅ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ ᶊ ᵧᶏᴲ᷀ḁḇḨḏḘ

ᶹḁᶎ ᵶᵮ ᶉᶍᶆᴲᵲᵲᶆᶎ ᶩ ᵱᶝᵺᶲᴳᵲᵲᶆ ᵸᶪ ᶍ╗ ᶊ᷀ḁḇḨḏḘᶹḁᵫ ᵸ

סּ ᵫᵡᶪ ᶊᶃᵣᶅᶎᴲ≥ ᶊ ᵶᶅᵣᶝᵸ G
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ḟḵ᷅ḱḨḵḀḋ᷄ᶆᶎ MAX_COMPUTE_UNITS  

ᶍ ᶱ ᵰᶪᵲᶇᶱ ᵮ ᵶᶝᵸ  G
 

ḮḓḋḐᶍ ᶱ ᵣ ᶮᵺᶪᵲᶇᶎᴲ ᵫ ᶆᶎᶉᵣᵾᶠᴲ

᷈ᴻḑᶍḉḭᴻḓḻ᷅ᶊ ᵾᶉᵣᵲᶇᶡᵡᶩᴲ ᵰᶪᶘᵬᶆᵡᶪᵲᶇᵫ

ᶮᵪᶩᶝᵶᵾ mGax_compute_units ᶱ ᵸᶪ ᶮᶩᶊᴲᶚᶇᶲᶈᶍ

ḟḵ᷅ḱḨᶆᶎ ᶱ ᵶᴲḱḻḇᶹḨᵫᵼᶫᶱ סּ ᶉ

ᶊḦḋḜḻ᷅ᶆᵬᶪᶧᵥᶊᵸᶪ ᵫᵡᶩᶝᵸᴳ ᶍᵾᶠ 

max_compute_units ᶊ∟ ᵸᶪᵲᶇᶎᴲ ᵩᶧᶒḏḘᶹḁ ᶍ

ᶆ ᵴᶫᵾ ᶊᶍᶞ≥ ᶱ ᶀᶝᵸᴳ ᶎᵼᵥᵸᶪᵪᶡᵶקּ

ᶫᶝᵺᶲᵫᴲᶚᶇᶲᶈᶍ ᶎᵼᵥᵶᶝᵺᶲᵶᴲᵼᵥᵸᶪ ᶡᵡᶩᶝ

ᵺᶲᴳᵲᶍ ᶎᴲḱḻḇᶹḨᶊ ᵺᶝᵶᶦᵥᴳ 

 

 

᷀ᴻḕḳᶍ  

 

10 ᶍ ᴾ᷀ᴻḕḳḘḻḑḳ ᶍ᷀ᴻḕḳᴿ ᶆ ᵶᵾḩ᷀ḓḂḨᶎᴲ∙ּזᶍ᷀

ᴻḕḳ᷄ᶽḲᴻᶱ ᵸᶪᵾᶠᶊ ᶆ :н 

 

work_group_size :  ᶍḏḘᶹḁᶆ᷀ᴻḕḳᶱ ᵸᶪ ᶊ

ᶆᵬᶪ ḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᶱ ᵶᶝᵸ 
 

compile_work_group_size סּ  : ᶆᵡᶫᶏᴲ᷀ᴻḕḳᶆ ᵴ

ᶫᵾḷᴻ᷄᷅ḳᴻḟᶍ᷊ᶹḂᶱ ᵶᶝᵸᴳᵼᵥᶆᶉᵣ ᶎ (0, 0, 0)  

ᶱ ᵶᶝ  н
 

compile_sub_group_size סּ  : ᶆᵡᶫᶏᴲ᷀ᴻḕḳᶆ ᵴ

ᶫᵾ᷊Ḟ᷅ḳᴻḟᶍ᷊ᶹḂᶱ ᵶᶝᵸᴳᵼᵥᶆᶉᵣ ᶎ 0 ᶱ ᵶᶝ  н
 

compile_num_sub_groups סּ  : ᶆᵡᶫᶏᴲ᷀ᴻḕḳᶆ ᵴ

ᶫᵾ᷊Ḟ᷅ḳᴻḟᶍ ᶱ ᵶᶝᵸᴳᵼᵥᶆᶉᵣ ᶎ 0 ᶱ ᵶᶝ  н
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max_sub_group_size :  ᵴᶫᵾḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᶆ ᵴ

ᶫᵾ᷀ᴻḕḳᶍ ᷊Ḟ᷅ḳᴻḟᴴ᷊ᶹḂᶱ ᵶᶝᵸ 

 

max_num_sub_groups:   ᷀ᴻḕḳᶍ᷊Ḟ᷅ḳᴻḟᶍ ᶱ ᵶᶝ  н

 

 

: ḉḭᴻḓḻ /᷅  טּ
 

᷀ᴻḕḳᶍ  (ḝᶶᶹḻᴴḉḭᴻḓḻ᷅) ḙḱḩᴻḇᴻᶇᵶᶅ ᶆᵬᶪ ḙנּ

ḱḩᴻḇᴻᵫᵣᵮᶃᵪᵡᶩᶝᵸᴳᵲᶫᶨᶎḟḵ᷅ḱḨᶍ ᶱ ᶉᵥᵲᶇᶎᶉᵣ

ᵾᶠᴲ ᶆᵬᶝᵸᴳᵲᶫᶊᶧᶩᴲ᷀ᴻḕḳᶎḙḝᶾᴻḦḻḁᶍᵾᶠᶊḗᴻḑᶻᶼᶷ

ᶍ ᶱ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸ  G

ᵲᶫᶨᶍ᷄ᶽḲᴻᶍ ᶊוֹ ≥ᶱ ᵥᵲᶇᶎᴲ᷂ḫḋ᷿ḭ ( ᵸᶪ ) ᶍḉ

ḭᴻḓḻ᷅ᶊ ᶀᶝᵸ G

ḏḘᶹḁ᷄ᶽḲ  ᴻ

 

global_mem_cache_line_size :  ᷅ḵᴻḘḳḩḪḲᴻᶍ᷂ḫḋ᷿ḭḱᶹḻᶍ᷊

ᶹḂ (ḘᶹḐ ∞)  G

 

global_mem_cache_size :  ᷅ḵᴻḘḳḩḪḲᴻᶍ᷂ḫḋ᷿ḭᶍ᷊ᶹḂ (Ḙᶹ

Ḑ ∞)  G

 

local_mem_type :  ᷊ḥᴻḐᵴᶫᶪḵᴻ᷀ḳḩḪḲᴻᶍḇᶹḟᶱ ᵶᶝᵸᴳᵲᶫ

ᶎ SƎRAM ᶉᶈᶍ ḵᴻ᷀ḳᴴḩḪḲᴻᴴḁḐḴᴻḀᶱ≥ ᵸᶪ 

info::local_mem_type::local  ᶝᵾᶎ 

info::local_mem_type::global  ᶍᵣᵹᶫᵪᶆᵸ  G 

ᶍḇᶹḟᶎᴲḵᴻ᷀ḳḩḪḲᴻᵫ᷅ḵᴻḘḳḩḪḲᴻ ᶍ ᶇᵶᶅטּ ᵴᶫ

ᶅᵣᶪᵿᵰᶆᵡᶩᴲḙḝᶾᴻḦḻḁᶍ ᶎ ᶠᶝᵺᶲᴳ 
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᷀ᴻḕḳᶍ  

 

preferred_work_group_size :  ᶍḏḘᶹḁ ᶆ᷀ᴻḕḳᶱ ᵸᶪ

ḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᴳ 

 

preferred_work_group_size_multiple :  ᶍḏḘᶹḁ ᶆ᷀ᴻḕ

ḳᶱ ᵶᶅ ᶍḙḝᶾᴻḦḻḁᶱ ᶪᶊᶎᴲḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᶱᵲᶍ

 (preferred_work_group_size_multiple ) ᶍ ᶊᵸᶪ ᵫᵡᶩ

ᶝᵸ  G ᶎ work_group_size  ᶧᶩ ᵬᵮᶅᶎᶉᶩᶝᵺᶲ G

 

 

ḟḵḙḎᶸᴻᶇ᷈ḻḙᶹḳ ḟḵḙḎᶸ ᴻ  
 

ᶊᶧᶂᶅᶎᴲ᷈ḻḙᶹḳ ᶍ /Ḧ᷄ḵᴲᶝᵾᶎᵼᶍᶚᵪᶍ ᵫ ᵴ

ᶫᶪ ᵫᵡᶩᶝᵸᵫᴲᵲᶫᶨᶎ ᶆᶎᶉᵣᵾᶠᴲ ᶆᶎᵼᶍ ᶎ ᵶ

ᶅᵣᶝᵺ  ɸ( ᶡᵶᶅᵣᶝᵺ )ɸ  Gᵲᶍ ᶆ ᵸᶪ᷄ᶽḲᴻᶎḱḻḇᶹḨ 

API ( get_info ) ᶱ ᵶᶅ ᶮᶫᶪᵾᶠᴲ ᶎוֹ ᶝᶆᶮᵪᶩᶝᵺᶲᴳ

ᶍḃ᷿᷄ḯḻᶆᶎᴲ ᶱ ᵶᶅ᷀ᴻḕḳᶍ᷈ḻḙᶹḳᶱ ᵸᶪ ᶊᶃ

ᵣᶅ ᵶᶝᵸ SGYCL ᶆᶎᴲ ∙ ᶆᶎᴲᵪᶉᶩ ᶉ ᵫ 1 ᶃᵡ

ᶩᶝᵸᵫᴲḱḻḇᶹḨ ᶍ ᶍᶞᵫ ᵴᶫᶅᵣᶝᵸᴳSYCL ᶊᶎᴲ᷈ḻḙ

ᶹḳ ᶊᶷḟḲ᷆ᴻ᷿ḯḻᵫᶷḁḢ᷄Ḑᶱ ᵸᶪᶍᶊ ᶆᵬᶪ 2 ᶃᶍ

ᵫᵡᶩᶝᵸᴳᵲᶫᶨᶍ ᶎᴲᵣᵹᶫᶍḏḘᶹḁᶆᶡ᷊ḥᴻḐᵴᶫᶉᵣḏḘᶹḁ

ᶍḎḻḟḴᴻḐּטᵴᶫᵾ᷀ᴻḕḳᶍᶹḻḁḇḻḁּטᶱ ᵸᶪᶍᶊ ᶆᵸᴳ

ᵲᶫᶎ ᶊ ᶆᵡᶩᴲᵡᶝᶩ ᵴᶫᶉᵣ ᶆᵡᶪᵾᶠᴲ ᶆᶎ ᵶᵮ

ᵶᶝᵺᶲ SGYCL ᶊᶎᴲᴾḏḘᶹḁᶍᶷḁḢ᷄Ḑᴿ ḃ᷿᷄ḯḻᶍ ᶊᴲᵲ

ᶍ ᶆ any_device_has_v<aspect>  ᶇ 

all_devices_have_v<aspect>  ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶍ ᶆᶎ 

ᴾ טּ  Rᶡ ᵴᶫᶅᵣᶝᵸᵫᴲᵲᶫᶎ ᴲḱᶹḞḱḲᴻᶉᶈ ᶉḇ

ᴻ᷇ḋḐ ᶆ ᵴᶫᶪᵾᶠᴲ ᶆᶎ ᵶᶝᵺᶲᴳ ᶉ᷈ḻḙᶹḳ

ᶍḟḵḙḎᶸᴻ ᶊᶃᵣᶅᶎᴲᶽḜḵᴻ᷅ᶍ ᴾ᷈ ḻḙᶹḳ ḟḵḙḎᶸᴻR ᶆ

ᵶᶝᵸ  G
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᷀ᴻḕḳᶍ  טּ
 

│ᶉᶪ ᵳᶇᶊ│ᶉᶪ᷀ᴻḕḳᶱ ≥ᵸᶪᵲᶇᶆ᷀ᴻḕḳᶱ ᵶᴲḇᴻ᷇טּ

ḋḐḏḘᶹḁᶍᶷḁḢ᷄Ḑ (  12 -3  ᶱ ) ᶊ ᶄᵣᶅ ᶉ᷀ᴻḕḳᶱ

ᶆᵬᶝᵸᴳɟ ᶀᶬᶲᴲ ᶉ᷀ᴻḕḳᶱ ᶊ ᵶCƎ++ ḎḻḟḴᴻḐᶱ

ᵸᶪᵲᶇᶡᶆᵬᶝᵸ SGYCL  (  12 -9 ) ᶇᶷḁḢ᷄Ḑ (  12 -3 ) ᶱ

ᵶᶅᴲ᷀ᴻḕḳᶊ ᶍ ᶱ ᵾᵺᶪᵲᶇᶱ᷈ḻḙᶹḱᴻᶊ ᶆᵬᶝᵸᴳ 

 

ᵾᶇᵧᶏ rƎeqd_work_group_size   (  12 -9 ) ᶎᴲ᷀ᴻḕḳᶊ

ᶍḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᶱ ᵸᶪᶍᶊ ᶆᵬᴲdevice_has  ᶎ᷀ᴻ

ḕḳᶊ ᶍḏḘᶹḁᶷḁḢ᷄Ḑᶱ ᵸᶪᵾᶠᶊ ᶆᵬᶝᵸᴳ 

 

ᶱ ᵸᶪᶇᴲ ᶍ 2 ᶃᶍ ᶆ ᶀᶝ :н 

 

1.  ḲḁḐᶍᶷḁḢ᷄Ḑᶱ ᵾᶉᵣḏḘᶹḁᶊ᷀ᴻḕḳᵫ ᵴᶫᶪᶇᴲ

ᵫḁḵᴻᵴᶫᶝᵸ  G

 

2.  ᷀ᴻḕḳ (ᶝᵾᶎ᷀ᴻḕḳᵫ ᶒ ᵸ ) ᵫᴲ ᶊḲḁḐᵴᶫ

ᶅᵣᶉᵣᶷḁḢ᷄Ḑᶊ ᵰᶨᶫᵾᶿḟ᷿ḯḻ  ( fp16  ᶉᶈ) 

ᶱ ᵸᶪᶇᴲ᷈ḻḙᶹḱᴻᶎ ᶱ ᵣᶝᵸᴳ 

 

ᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫ ᵸᶪּס ᵫr ᶊ ᶱ ᶠᶪᶍᶊ

ᶀ 2Ǝ ᶃ ᶎ᷈ḻḙᶹḳ ᶊᶽḱᴻᶱ᷂ḫḋḉᵸᶪᶍᶊ ᶀᶝᵸᴳᵲᶫᶨ

ᶍ ᵪᶨᴲ ᶱ ᵸᶪᵲᶇᵫ ᶆᵡᶪ ᵫᵡᶩᶝᵸᴳ 

 

 12 -10  ᶎᴲ ḵḀḋ᷄ᶱ ᵶᶅ 2 ᶃᶍ᷈ᴻḑ᷿ᴻ᷆ḻḁᶱ ᵶᴲ

ᶱ ᵶᶅ᷀ᴻḕḳᶍ 1 ᶃᶱ ᵸᶪטּ ᶱ ᵶᶅᵣᶝᵸ  G
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device_has(aspect, ...)  ᵲᶍ ᶎᴲ᷀ᴻḕḳ ᶱ ᵸᶪ

 (ᵸᶘᶅᶍ ) ᶊּנᵧᶅᴲ ᷀ᴻḕ

ḳ ᶍ ᶊ ᶆᵬᶪ ╗ᶍ

ᶆᵸ  G

 

: ᷀ᴻḕḳᶎᴲ  12 - 3 ᶍ ᵴᶫ

ᵾᶷḁḢ᷄Ḑᶱ ᵾᵸḏḘᶹḁᶆᶍᶞ

ᵴᶫᶝᵸ  G
reqd_work_group_size(dim0)  

reqd_work_group_size(dim0, dim1)  

reqd_work_group_size(dim0, dim1, 

dim2)  

: ᷀ᴻḕḳᶎḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂ

ᶆ ᵸᶪ ᵫᵡᶩᶝᵸ  G

work_group_size_hint(dim0)  

work_group_size_hint(dim0, dim1)  

work_group_size_hint(dim0, dim1, 

dim2)  

ḚḻḐ: ᷀ᴻḕḳᶎ ᵴᶫᵾḷᴻ᷄᷅

ḳᴻḟᴴ᷊ᶹḂᶆ ᵴᶫᶪּס ᵫ

ᵮᶉᶩᶝᵸ  G

reqd_sub_group_size(dim)  : ᷀ᴻḕḳᶎ ᵴᶫᵾ᷊Ḟ᷅ḳᴻ

ḟ ᷊ᶹḂᶆ᷈ḻḙᶹḳᵩᶧᶒ ᵴᶫᶪ

ᵫᵡᶩᶝᵸ  G

 
 12 - 9.  SYCL ᶆ ᵴᶫᵾ  ( ᶆᶎᶉᵣ)  
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#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace sycl;  

 

int  main () {  

queue  q;  

 

constexpr  int  size = 16;  

std ::array< double , size> data;  

 

// sycl::device_has() ᶱ ᶇᵶᶅ ᵶᶅᶡ  Ǝ

// ᵸᶪḏḘᶹḁᶊᶎ☼ ᵶᶝᵺᶲᴳᵶᵾᵫᶂᶅᴲḣḁḐ᷈ᴻḑᶎᴲ 

// ᵼᶍ ᶱ ᶇᵸᶪ᷀ᴻḕḳᶱ ᵸᶪ ᶊ  Ǝ

// ḏḘᶹḁᶍᶷḁḢ᷄Ḑᶱḉᶼḋ᷄ᵸᶪ ᵫᵡᶩᶝᵸᴳ 

if  ( q. get_device (). has ( aspect ::fp64)) {  

 buffer  B{data};  

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

  accessor  A{B, h};  

  // ᵲᵲᶆᶍ ᶎᴲ᷀ᴻḕḳᵫ fp64 ᷊ḥᴻḐᶱ ᵸᶪᵲᶇᵫ 

ᵴᶫᶅᵣᶪᵲᶇᶱסּ //   ᵶᶅᵣᶝᵸᴳ 12- 3 ᶍ ≥ᶍ ᶱ ᶆᵬᶝᵸ  G

  // ᶍ namespace ḁḎᴻḐḩḻḐ (C++ ᶍ ) ᶎ ᶊ☼  ɵ

  // ᵧᶉᵣᵲᶇᶊ ≥ᵶᶅᵮᵿᵴ  r (/C++ ᶍ )  G

  // ᵼᶍᵾᶠᴲᵲᵲᶆᶎ sycl:: ᵫ ᶆᵸ  G  

  h. parallel_for (  

   size, [=]( auto&  idx )  

    [[sycl::device_has( aspect :: fp64 )]] {  

     A[idx] = idx * 2.0 ;  

    });  

   });  

   std ::cout << "doubles were used \ n" ;  

  } else  {  

   // ᵲᵲᶆᶎᴲ᷈ᴻḑᶍ ᶱ ᶠᴲᶧᶩ┌ ᶱ ᶠᶪᵾᶠᴲ 

   //  (ḏḘᶹḁ ᶆᶍ ⱳ ᷊ḥᴻḐᶱ ᶇᵶᶉ )r  

   // ᶱ ᵶᶝᵸ  G

   std ::array< float , size> fdata;  

         

    buffer  B{fdata};  

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

     accessor  A{B, h};  

     h. parallel_for (  

     size, [=]( auto&  dx ) { A[idx] = idx * 2.0f ; });  

     }  

       }  

  

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

 

   std ::cout << "no doubles used \ n" ;  

   }  

 for  ( int  i = 0; i < size; i++)  

   std ::out << "data["  << i << "] = "  << data [i] << " \ n" ;  

 return  0;  

}  

 
 12 - 10.  ᶍᶧᶩ ᶊ᷀ᴻḕḳᶱ  טּ

 

 

 



 

 

 

 

 

ᶝᶇ  f
 

ᶡ┌ ᶍ ᵣḟḵ᷅ḱḨᶎᴲ᷿ḁḎḨᶆ סּ ᶉḏḘᶹḁᶱ ᵶᴲ

ᶊ ᶄᵣᶅᵼᶍ ᶱ ᵶᶝᵸᴳᵲᶍ ᶆᶎᴲ ᶊ ᵸᶪḗᴻḑᶻᶼ

ᶷᶊ ᶮᵺᶅ᷈ᴻḑᶱ᷀ḁḇḦᶹḂᵸᶪᵾᶠᶊ ᶆᵬᶪ ᶉ ᶱ ᵶᶝ

ᵶᵾ  Gᶝᵾᴲ ᵸᶪּל ᵫᵡᶪᶇ ᵶᵾ ᴲ᷀ᴻḕḳᶱ ᶍḏḘᶹḁḇᶹ

ḟᶊᵴᶨᶊ ᵴᵺᶪᵲᶇᵫᶆᵬᶪᶧᵥᴲ᷀ᴻḕḳᶱ ᵸᶪᵴᶝᵵᶝᶉטּ ᶊ

ᶃᵣᶅᶡ ᵶᶝᵶᵾᴳᵲᶫᶨᶊᶧᶩᴲSYCL ᶆ C++ ᶱ ᵸᶪ ∫ ᶆᴲḓᴻ

Ḃᶱ ᵾᵸ ᶊꞌᵷᶅ┌ ᶇḙḝᶾᴻḦḻḁᶍḘḱḻḁᶱᶇᶪḌᴻḳᵫ

ᵴᶫᶝᵸ  G

 

ᶷḟḲ᷆ᴻ᷿ḯḻᶱḙḱḩᴻḇᴻּטᵶᶅḗᴻḑᶻᶼᶷᶍ ᶊ ᶮᵺᶪᵲᶇᶆᴲ

ḟḵ᷅ḱḨᶍ ┌ ᴲḙḝᶾᴻḦḻḁ┌ ᴲ ᵫ ᵶᶝᵸᴳᶝᵾᴲ

ᵸᶪḗᴻḑᶻᶼᶷᵫḟḵ᷅ḱḨ ᶍ ∫ ᶊ ᶝᶂᶅᵣᶪᵪḎḁḐᵶᴲ

ᶍ ∫ ᶊᵡᶪḗᴻḑᶻᶼᶷᵫ ᶃᵪᶂᵾ ᶊᶎᴲ ᶱ ᵶᵾᶩ ᵸᶪ

ᵲᶇᶡᶆᵬᶝᵸ  G

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://creativecommons.org/licenses/by/4.0/
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ᵲᶍ ᶊᶎ SƎYCL ᶱ ᵶᵾ C++ ḟḵ᷅ḱḧḻ᷅ᶊ ᶃᵲᶇᵫ ᵴᶫᶅ

ᵣᶪᴲ ᶉ ᴲ ᶉḚḻḐᴲᶷḑḘᶹḁᴲḎ᷄ḓḋ᷄ᵫ ᵴᶫᶅᵣᶝ

ᵸᴳᵲᶫᶨᶍḐḜḋ᷄ᶎᵣᵹᶫᶡᴲᵸᶘᶅᶱ ᵸᶪᶮᵰᶆᶎᶉᵣᵾᶠᴲᶞᶉᵴᶲ

ᶍ≥ ᶱ ᶠᴲ ᶊꞌᵷᶅᵴᶨᶊ ᶱ ᵸᵲᶇᶱ ᶇᵶᶅᵣᶝᵸᴳ 

 

 

᷊ḻḟḳ᷈ᴻḑᶇ᷈ḻḙᶹḱᴻᶍ   
 

 1 ᶆᶎ  ƎSYCL ᷈ḻḙᶹḱᴻᶍ  ( : 

oneapi.com/implementations gƎithub.com/intel/llvm ) ᶇᴲ ᶆ

ᵴᶫᶅᵣᶪ᷊ḻḟḳ᷈ᴻḑᶍ  ( github.com/Apress/data -

parallel - CPP) ᶊᶃᵣᶅ ᵶᶅᵣᶝᵸ  Gᵲᵲᶆᶡᵥ╗ ᶫᶪᶍᶎᴲ

ᶉ ᶱ ᶟᵾᶠ ᶱ ᵸᵲᶇ ( ᶱּנᵧᶪᵲᶇᶱ )ɜ ᵫᵣᵪᶊ ♬ᶆᵡᶪ

ᵪ ᵸᵾᶠᶆᵸ  G  1- 1 ᶍ᷈ᴻḑᵫ ᶊּךᶱ ᵸᶪᵪᴲᵸᶆᶊ ᵶᶅᶪ

ᵾᶀᶊᶞᶉᵴᶲᶡּנᶮᶂᶅᵮᵿᵴᵣ G

 

 

ᶿḻḱᶹḻḲḅᴻḁ 
 

ᶉᶿḻḱᶹḻḲḅᴻḁᶊᶎ∙ּזᵫᵡᶩᶝ:н 

 

 ɯ sycl.tech/  ᶍ ᶉḲḅᴻḁ 

 

 ɯ SYCL ᶍ ḣᴻḨḢᴻḀᶎ khronos.org/sycl/  ᶊᵡᶩᴲḲḅ

ᴻḁᶎ khronos.org/sycl/resources  ᶆ ᵴᶫᶅᵣᶝ  н

 

 ɯ tinyurl.com/cuda2sycl  ᶊᵡᶪ CƎUDA ᵪ  ʝSYCL ᶱ ᵶ

ᵾ C++ ᶗᶍ┌ ᶊ ᶃḲḅᴻḁ 

 

 ɯ ┌ Ḍᴻḳ GitHub ḣᴻḨḢᴻḀ ( github.com/oneapi -

src/SYCLomatic )  

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_13  

 

oneapi.com/implementations
github.com/intel/llvm
github.com/Apress/data-parallel-CPP
github.com/Apress/data-parallel-CPP
khronos.org/sycl/
khronos.org/sycl/resources
tinyurl.com/cuda2sycl
github.com/oneapi-src/SYCLomatic
github.com/oneapi-src/SYCLomatic
https://doi.org/10.1007/978-1-4842-9691-2_13
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ḟḱḋḐḝᶾᴻḨᴴḪḏḳ 
 

SYCL ᶱ᷊ḥᴻḐᵸ  ᶅC++ ᷈ḻḙᶹḱᴻᶎᴲ ᶍ C++ ᷈ḻḙᶹḱᴻᶇ ᵷ

ᶧᵥᶊ ᵸᶪᶧᵥᶊ ᵴᶫᶅᵣᶝᵸSGYCL ᶱ᷊ḥᴻḐᵸᶪ᷈ḻḙᶹḱᴻᵫᴲ

ḣḁḐ (CPU ᶉᶈ) ᵩᶧᶒḏḘᶹḁ ᶍ᷈ᴻḑᶱ ᵸᶪ Ḵḡḳᶍ ᶱ

ᵸᶪᵲᶇᶊᶎּל ᵫᵡᶩᶝᵸ G

 

SYCL ᶆ ᵴᶫᶪḟḱḋḐḝᶾᴻḨᴴḪḏḳ (  13 -1) ᶎᴲḏḘᶹḁᶆ

ᵴᶫᶪ ḷᴻ᷄ᶱ ᵩᶧᶒ ᵸᶪḣḁḐᶱ ᵶᶅᵣᶝᵸ  G2 ᶆᶎḏḘ

ᶹḁᶊḷᴻ᷄ᶱ ᶩ ᶅᶪ ᶱ  Ǝ4 ᶆᶎḏḘᶹḁᶱḟḵ᷅ḱḨᵸᶪ ᶊ

ᶃᵣᶅ ᵶᵮ ᵶᶅᵣᶝᵸ  G12 ᶆᶎᴲ ḴḡḳᶆḟḱḋḐḝᶾᴻḨᴴḪḏ

ḳᶱ ᵸᶪ ᶊᶃᵣᶅ ᵶᶅᵣᶝᵸ  G

 

 2 ᶆ ᵶᵾᶧᵥᶊᴲ ᶊ ᵴᶫᵾ SYCL ḱḻḇᶹḨᶇ ᶍᵡ

ᶪḗᴻḑᶻᶼᶷᶱ ᵸᶪ᷿ḁḎḨᶆᶎᴲ ḏḘᶹḁᵫ ᶊ ᵶᶝᵸᴳᵲᶫᶊ

ᶧᶩᴲ ᶉᵮᶇ  ɟ1 ᶃᶍḏḘᶹḁᵫ סּ ᶆᵡᶪᶇ ᵶᶅḏḘᶹḁ᷈ᴻḑᶱ

ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸḏGḘᶹḁ᷈ᴻḑᶱ ᵸᶪḏḘᶹḁᶍ ᶎᴲḟḵ᷅

ḱḨᶊᶧᶂᶅ ᵴᶫᶝᵸᴳᶃᶝᶩᴲ ᶍḏḘᶹḁᶆ᷈ᴻḑᶱ ᵸᶪᴲᶝᵾᶈ

ᶍᶧᵥᶊ ᵸᶪᵪᶎᴲ ᶊḟḵ᷅ḱḦᴻᶍ ᶆ н(ḏḘᶹḁ ᶿḟ᷿ḯḻ

ᶊᶃᵣᶅᶎᴲ  12 ᶆ ᵶᶅᵣᶝ )н  G
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 13 - 1.  ḟḱḋḐḝᶾᴻḨᴴḪḏḳ: ᶊᶡ ᶊᶡ סּ  

 

ᶷᴻ᷂Ḏ᷄ḉḫᴻᴴḘᶹḒḲᴻ 

 

ᶍ ᶎᴲ│ Ḧ᷿ḻᶱ᷊ḥᴻḐᵸᶪ ╗ᶍḅᴻḁ᷈ᴻḑᶱ ᵸᶪᵲᶇᶆ

ᵡᶪᵾᶠᴲ ᶇᵶᶅוֹ ╗ סּ ḝᶶᶹḳᶍ ᶱ ᶟᶍᶎ ᶆᵸᴳ 

 

ᶷᴻ᷂Ḏ᷄ḉḫᴻᴴḘᶹḒḲᴻ ( ḝᶶḋḐḘᶹḒḲ)ᴻ ᶎᴲ│ Ḧ᷿ḻᶊ

ᶉᵸᶘᶅᶍ᷈ḻḙᶹḳ ᶞ᷈ᴻḑᶇ ᷈ᴻḑᶱ ᶟᶧᵥᶊ ᵴᶫᵾ ╗

ᶍḘᶹḒḲᴻḝᶶᶹḳᶆᵸᴳ  
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ᶷᴻ᷂Ḏ᷄ḉḫᴻᴴḘᶹḒḲᴻᶎᴲ ᵣ ᶫᶅᵣᶪ a.out   ɥa.exe  ᶇ ᵷᶧ

ᵥᶊ ᵶᶝᵸᵫᴲ│ Ḧ᷿ḻᶊ ᶉᶡᶍᵫᵸᶘᶅ ᶝᶫᶅᵣᶝᵸᴳᵲᶫᶊᶧ

ᶩᴲ ᶍḏḘᶹḁᶆ ᵸᶪ ᶉ᷈ᴻḑᶱ ᵸᶪḟḵḃḁᶱ ᶆᵬᶝטּ

ᵸᴳ ᶊ ᵸᶪᶧᵥᶊᴲḝᶶḋḐḘᶹḒḲᴻ ᶍḏḘᶹḁ᷈ᴻḑᶍ 1 ᶃᶍ ᶎᴲ

ḏḘᶹḁ ᶍ ᶉ ᶱ ᶝᶆⱫ ᵸᶪ ᶆᵸ G

 

᷈ḻḙᶹḳḪḏḳ 

 

SYCL ᶍ ╗ḅᴻḁᶍ ᶊᶧᶩᴲ ᶍ C++ ᷈ḻḙᶹḳᶍᶧᵥᶊ ᵶᴲ

ᵷᶨᶫᶝᵸᴳḏḘᶹḁᶊ ᵶᶅ ᶍḙḁנּ ᶒɵ ᵶᵾᶩƎ ḏḘᶹḁᶇḣḁḐ᷈ᴻḑ

ᶍḘḻḑḳᶱ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳᵲᶫᶨᶎᵸᶘᶅ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ

ᶊ ᶮᶫᶝᵸᴳᶡᶀᶬᶲᴲּךᵫ ᵲᶂᶅᵣᶪᶍᵪ ᵸᶪᵲᶇᶎᴲᵣᵮᶃᵪᶍ

ᵪᶨ ᶉᵲᶇᶆᵸᴳᵲᶫᶎᴲ ᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶱᶧᶩ ᵮḇᴻ᷇

ḋḐᶊᵸᶪ ᶊ ᶃ ᶆᵡᶩᴲ᷈ḻḙᶹḳ ᶆ ᵸᶪ ᶱḏḘḋ᷅

ᵸᶪ ᵫᵡᶪᵪ ᵸᶪᵲᶇᶡ ᶆᵸ  G

 

ᵫ ᶊᶉᶂᵾᶇᵬᶊ ᵧᶅᴲ᷈ḻḙᶹḳḪḏḳᶱ ᵶᶝᵸᴳ᷈ḻḙᶹḳ

ḪḏḳᶎᴲḣḁḐᶇᴲ ᶊᶧᶂᶅᶎ ᶍḏḘᶹḁᶆ ᶊ ᵴᶫᶪ᷈ᴻḑᶱ

᷊ḥᴻḐᵸᶪᵾᶠᴲ᷈ḻḙᶹḱᴻᴲḲḻ᷀ᴻᴲᵩᶧᶒ ᶍ᷊ḥᴻḐḌᴻḳᶱ ᵸᶪ

᷈Ḧḻḑᶎᴲ ᵣ ᶫᵾ C++ ᷈ḻḙᶹḳ (1 ᶃᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶍᶞᶱ ᶇ

ᵸ )ᶅ ᶧᶩᶡ ᶊᶉᶩᶝᵸ  Gᶝᵹᶎ│ ᶗᶧᵥᵲᵼ  ̈

 

ᵲᶍ│ ᶍ ᶎ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ≥ ᶊ╬ ᵴᶫᶅᵩᶩᴲᴾᵼᶍᶝᶝ

ᵸᶪ  Rᶧᵥᶊᶉᶂᶅᵣᶝᵸ  G

 

᷈ḻḙᶹḱᴻᶎᴲ ᶍ C++ ᷈ḻḙᶹḱ  ᴻ(  -  AOT ᷈ḻḙᶹḳᴲᶿḝḱᶹ

ḻᴴ᷀ᴻḕḳᴴ᷈ḻḙᶹḳᶇᶡ ᶏᶫᶝᵸ) ᶇ ᶊᴲḇᴻ᷇ḋḐ ᶍ סּ ᷈

ᴻḑᶱ ᵸᶪᵲᶇᶡᴲ ᶊ ᶍḇᴻ᷇ḋḐᶊḀḫḁḐᶹḻḇᶹḨ (JIT) ᷈

ḻḙᶹḳᶆᵬᶪ ᶱ ᵸᶪᵲᶇᶡᶆᵬᶝᵸᴳ  
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᷀ᴻḕḳᶎᴲᴾ ᴿ (AOT) ᶝᵾᶎ ᴾḀḫḁḐᶹḻᴿ (JIT) ᷈ḻḙᶹḳᵴᶫᶝᵸ G

᷈ḻḙᶹḱᴻᶎᴲḏḘᶹḁḇᴻ᷇ḋḐᵫ ᶊ ᵶᶅᵣ  ᶅ(ḟḵ᷅ḱḨᶱ

᷈ḻḙᶹḳᵸᶪ ) ᶊᶍᶞᴲ ᶊ᷈ḻḙᶹḳᶆᵬᶝᵸᴳJIT ᷈ḻḙᶹḳᶆᶎᴲ᷈

ḻḙᶹḳᵴᶫᶪḟḵ᷅ḱḨᶍ┌ ᶎ ᵶᶝᵸᵫᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶊ

᷈ḻḙᶹḱᴻᶇḱḻḇᶹḨᵫ ᶍנּ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ 

 

GPU ᶱ ᶟᶚᶇᶲᶈᶍḏḘᶹḁᶆᶎ JƎIT ᷈ḻḙᶹḳᵫ ᶡ╗ ᶉ ᶆᵸᴳ

╗ ᶍḏḘᶹḁ (FPGA ᶉᶈ) ᶆᶎ᷈ḻḙᶹḳḟḵḃḁᵫ ᶊ ᶆᵡᶪᵾᶠᴲ

AOT ᷈ḻḙᶹḳᵫ╗ ᶆᵸ  G

AOT ᷈ᴻḑᶱ ᵸᶪ ᵫᵡ  ᶅ( : FPGA) ᵪᴲᵼᶫᶱ ᵸᶪḩḲḋḐᵫ

ᵡᶪᵲᶇᵫᶮᵪᶂᶅᵣᶪ ᶱ ᵬ JƎIT ᶱ ᵶᶝᵸ  G

ḏḝᶾḳḐᶆᶎᴲḏḘᶹḁ ᶊ᷈ᴻḑᶱ᷈ḻḙᶹḳᵸᶪᶇᴲḏḘᶹḁ᷈ᴻḑᶍ

ᶎ ᶆ ᵴᶫᶝᵸᴳ ᶊᴲ᷿ḁḎḨ ᶍḏḘᶹḁḑḱᶹḘᴻᶎᴲ᷿ḁḎ

Ḩᶆ סּ ᶉḏḘᶹḁᶇ╗ ᵸᶪᶧᵥᶊᴲ ᶱ ᷈ᴻḑᶊḀḫḁḐᶹḻ

ḇᶹḨᶆ᷈ḻḙᶹḳᵶᶝᵸ G

AOT ᷈ᴻḑᶇᶎ│ᶉᶩ JƎIT ᷈ᴻḑᶎᴲ ᶊ᷈ḻḙᶹḳᵶᶅᴲ᷿ḁḎḨ ᶍ

≥ᶍḏḘᶹḁᶱ ᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳᵲᶫᶊᶎᴲḟḵ᷅ḱḨᵫḝᶶḋḐḘᶹḒḲ

ᴻᶊ᷈ḻḙᶹḳᵴᶫᵾᶇᵬᶊᶎ ᵶᶉᵪᶂᵾḏḘᶹḁᵫ ᶝᶫᶪ ᶡᵡᶩᶝ

ᵸ  G 

ᶍḏḘᶹḁᶝᵾᶎḏḘᶹḁ᷄ḱḁ ᵰᶊᴲ ᶊ᷈ḻḙᶹḳᵸᶪᶧᵥ᷈ḻḙ

ᶹḱᴻᶊ ᶆᵬᶝᵸᴳᵲᶫᶊᶎ ᶱ ᶆᵬᶪ ᵫᵡᶩᶝᵸᵫᴲ᷈ḻḙ

ᶹḳ ᵫ ᵶᴲḘᶹḒḲᴻᵫנּ ᵬᵮᶉᶪ ᶡᵡᶩᶝᵸᴳ ᷈ḻḙᶹḳᵴᶫ

ᵾ᷈ᴻḑᶎᴲ ᶊ סּ ᶉḗᴻḑᶻᶼᶷᶊ ᶮᵺᶅ ᶆᵬᶉᵣᵾᶠᴲḀḫ

ḁḐᶹḻḇᶹḨᶚᶈ┌ ᵫᵡᶩᶝᵺᶲᴳ  
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AOT ᶇ JIT ᶍ ᶍ ᶱ ᶪᵾᶠᶊᴲḘᶹḒḲᴻᶊ ᶱ ᶠᶪᵲᶇᶡᶆᵬ

ᶝᵸ  G

┌ ᶱ ᶊ ᶠᶪᶊᶎᴲ╗ ᵫ AOT ᷈ᴻḑᶱ ᶟ ᶆᶡᴲḘᶹḒḲᴻ

ᶊ JIT ᷈ᴻḑᶡ ᶠᶝᵸ  G

ᶊ ᶍḏḘᶹḁ ᶊ᷈ḻḙᶹḳᵸᶪᵲᶇᶆᴲḛḳḑ ᶊḟḵ᷅ḱḨᵫᵼᶍ

ḏḘᶹḁᶆ ᵸᶪᵪ ᵸᶪᶍᶊᶡ ᶀᶝᵸḀGḫḁḐᶹḻḇᶹḨᴴ᷈ḻḙᶹḳ

ᶆᶎᴲḟḵ᷅ḱḨᶍ ᶊ᷈ḻḙᶹḳᶊ ᵸᶪּס ᵫᵡᶩᶝᵸ (ᵲᶫᶎᴲ  

5 ᶍḩ᷀ḓḂḨᶆ ᶆᵬᶝ )нᴳᵲᶍ ᶍ ᶍ ḏPḘḋ᷅R  ᶍ ᶆᶎᴲᵲᶫᶊ

ᵸᶪḏḘḋ᷅ᶍḚḻḐᵫᵣᵮᶃᵪ ᵴᶫᶅᵣᶝᵸᴳᶝᵾ Ǝ5 ᶆᶎᴲ

ᶊᵲᶫᶨᶍᶽḱᴻᶱ᷂ḫḋḉᵶᶅᶷḟḲ᷆ᴻ᷿ḯḻᶍᶷḤᴻḐᶱ ᵸᶪ ᶡ

ᵶᵮ ᵶᶅᵣᶝᵸ G

 

 13 -2  ᶎᴲḅᴻḁ᷈ᴻḑᵪᶨḝᶶḋḐḘᶹḒḲᴻ ( סּ ḝᶶᶹḳ) ᶱ

ᵸᶪ᷈ḻḙᶹḳḟḵḃḁᶱ ᵶᶅᵣᶝᵸᴳᶈᶍ ᶞ ᶮᵺᶱ ᵶᶅᶡᴲḝᶶḋḐ

ḘᶹḒḲᴻᶊ ᵴᶫᶝᵸᴳḝᶶḋḐḘᶹḒḲᴻᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶊḱ

ḻḇᶹḨᶊᶧᶂᶅ ᵴᶫᶝ  н(ḣḁḐ ᶆ ᵴᶫᶪḘᶹḒḲ )ᴻᴳ ᶊᶧᶂᶅ

ᶎᴲ ᶍḏḘᶹḁᶍḏḘᶹḁ᷈ᴻḑᶱ ᶊ᷈ḻḙᶹḳᵶᵾᵣᵲᶇᵫᵡᶩᶝᵸᴳ  

ᵲᶍᶧᵥᶉ ᶍ᷈ḻḙᶹḳᶍ ᶎᴲוֹ ᶊḝᶶḋḐḘᶹḒḲᴻᶊ ᵸᶪ

ᵫᵡᶩᶝᵸᴳᵲᶫᶎᴲ ᶉ᷈ḻḙᶹḳ ( ᶉ ) ᶍ ᵫ ᶊ

ᵮᶉ  ᶅFPGA ᶊ ᶊ ᶀᴲ ᶊᴲḱḻḇᶹḨ᷿ḁḎḨᶊ Ḍᴻḳᶍᶹ

ḻḁḐᴻḳᶱ ᶇᵶᶉ  rFPGA ᶍ ᶆᵸ  G 

 13 -3  ᶎᴲᵲᶍᶧᵥᶉḓᴻḂᶊ ꞌᵸᶪḘḻḑḳ/ᶷḻḘḻḑḳᶍḝḵᴻᶱ ᵶ

ᶅᵣᶝᵸᴳᵸᶘᶅᶱ╗ ᶊ᷈ḻḙᶹḳᵸᶪᶿḟ᷿ḯḻᶎ ᶊᵡᶩᶝᵸᵫᴲ ᶎ

᷈ḻḙᶹḳᶱ ᵸᶪ ᵫ וֹ ᶆᵸ G

 

SYCL ᶱ᷊ḥᴻḐᵸᶪᵸᶘᶅᶍ C++ ᷈ḻḙᶹḱᴻᶊᶎᴲ ᵷ ᶱ ᶃ᷈ḻ

ḙᶹḳḪḏḳᵫᵡᶩᶝᵸᵫ ᶍ ᶎ│ᶉᶩᶝᵸᴳᵲᵲᶆ ᵴᶫᶅᵣᶪ ᶎᴲ

DPC++ ᷈ḻḙᶹḱᴻᴴḌᴻḳḉᶼᴻḻᶍ ᵪᶨ ᵴᶫᵾᶡᶍᶆᵸᴳ 
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 13 - 2.  ᷈ḻḙᶹḳḟḵḃḁ: ᵩᶧᶒḀḫḁḐᶹḻḇᶹḨᶍᶿḟ᷿ḯḻ 

 

 

 

 

 

 

 

 

 

 

 
 13 - 3.  ᷈ḻḙᶹḳḟḵḃḁ: ᶿḝḵᴻḑᶍḘḻḑḱ /ᴻᶷḻḘḻḑḱ  ᴻ

 

 

᷈ḻḎ᷂ḁḐ: ᶂᶅᵩᵮᶘᵬ ᶉᵲᶇ 
 

 6 ᶆ ᶘᵾᶧᵥᶊᴲ᷈ḻḎ᷂ḁḐᶎ᷀ᴻḕḳᶱ ᶆᵬᶪḏḘᶹḁᶝᵾᶎḏ

ḘᶹḁᶍḃḋḐᶱ ᵶᶝᵸᴳ᷈ḻḎ᷂ḁḐᶎᴲḱḻḇᶹḨᵫ ᶍ ᶱ

ᵸᶪᶍᶊ ᶉ ᶆᵡᶪᶇ ᵧᶪᵲᶇᵫᶆᵬᶝᵸ Gᶚᶇᶲᶈᶍ SYCL ḟḵ᷅

ḱḨᶆᶎᴲḟḵ᷅ḱḦᴻᵫ᷈ḻḎ᷂ḁḐᶱ ᵸ∙ ᴲ᷈ḻḎ᷂ḁḐᶇ ᶣᶩ ᶩᵸ

ᶪᵲᶇᶎᵡᶩᶝᵺᶲ  G

 

ḏḘᶹḁᶎ᷊ḞḏḘᶹḁᶊ ᶆᵬᶝᵸᴳᵲᶫᶎ ᶱ ᵸᶪᶍᶊ ᶀᶝ

ᵸᴳ᷊ḞḏḘᶹḁᶎḏḘᶹḁᶇ ᵷᶧᵥᶊ⅛ᶮᶫᶪᵾᶠ ( ᵷ C++ )ᴲḏḘᶹḁ

ᶍ᷅ḳᴻḟּטᶊ ᵸᶪ ᶎᴲᵸᶘᶅ᷊ḞḏḘᶹḁᶊᶡ ᶅᶎᶝᶩᶝᵸᴳ 
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SYCL ᶎᴲḏḘᶹḁᶱḟḱḋḐḝᶾᴻḨᶊ᷅ḳᴻḟּטᵸᶪᵲᶇᶱ ᶊ ᵶ

ᶝᵸᴳḟḱḋḐḝᶾᴻḨ ᶆᶎᴲḏḘᶹḁᶎḩḪḲᴻᶍ ᶉᶈᶊᶧᶩ ᶆ

ᵬᶪ ᵫᵡᶩᶝᵸᴳ ᵷ᷈ḻḎ᷂ḁḐᶊ ᵸᶪḏḘᶹḁᶎᴲּךᶨᵪᶍḩ᷀ḓḂḨ

ᶱ ᵶᶅ ᵣᶍ᷅ḵᴻḘḳḩḪḲᴻᶊᶷ᷄ḃḁᶆᵬᶪ ᵫᵡᶩᶝᵸᴳSYCL 

USM ḩḪḲ  ᴻ(  6 ) ᶎᴲḏḘᶹḁᵫ ᵷ᷈ḻḎ᷂ḁḐᶊᵡᶪ ᶊᶍᶞᴲḏ

Ḙᶹḁ ᶆ ᶆᵬᶝᵸ  GUSM ḩḪḲᴻ ᶩ ᶅᶎᴲḏḘᶹḁᶆᶎᶉᵮ᷈ḻḎ᷂

ḁḐᶊḘᶹḻḑᵴᶫᶅᵣᶪᵾᶠ1Ǝ ᶃᶍ᷈ḻḎ᷂ḁḐ ᶍ USM ᶩ ᶅᶎ ᶍ᷈

ḻḎ᷂ḁḐᵪᶨᶷ᷄ḃḁᶆᵬᶝᵺᶲᴳᵶᵾᵫᶂᶅᴲUSM ᶩ ᶅᶎᴲ ╗ᶍ᷈ḻḎ

᷂ḁḐ (ḏḘᶹḁᶍ᷊ḞḃḋḐᶍּס ᵡ)ɭ ᶆᶍ ᶊ ᵴᶫᶝᵸ  G

 

᷈ḻḎ᷂ḁḐᶎᴲḗᴻḑᶻᶼᶷᵫ᷊ḥᴻḐᶆᵬᶉᵣᶡᶍᶱ ᵶᶝᵺᶲᴳᵾᶇטּ

ᵧᶏᴲ ᵣᶊḩḪḲᴻᶱ ᶆᵬᶉ  r2 ᶃᶍ GPU ᶱ ᶟ᷈ḻḎ᷂ḁḐᶱ ᵸ

ᶪᵲᶇᶎᶆᵬᶝᵺᶲᴳ ᵷḟḱḋḐḝᶾᴻḨᵪᶨ ᵴᶫᶪᵸᶘᶅᶍḏḘᶹḁᶱᴲ

ᵷ᷈ḻḎ᷂ḁḐᶆ᷅ḳᴻḟּטᶆᵬᶪ ᶎᵡᶩᶝᵺᶲᴳ 

 

᷂ḭᴻᶱ ᵸᶪ ᶊᴲ᷂ḭᴻᶱ ᵸᶪ᷈ḻḎ᷂ḁḐᶱ ᶆᵬᶝᵸᴳḏḝᶾ

ḳḐᶆᶎ DƎPC++ ᷈ḻḙᶹḱᴻᴴḟḵḀᶼ᷄ḐᶎḟḱḋḐḝᶾᴻḨᵳᶇᶊḏḝᶾḳ

Ḑᶍ᷈ḻḎ᷂ḁḐᶱ ᵶᴲ ᵶᵣ᷂ḭᴻᶱḏḝᶾḳḐᶍ᷈ḻḎ᷂ḁḐᶊ ᶊ

ᶩ ᶅᶝᵸᴳ ᶍ SYCL ᷈ḻḙᶹḱᴻᶡ ᶊ ᵥᵲᶇᵫᶆᵬᶝᵸᵫᴲ ᶆᶎ

ᵼᶍ ᶎᵡᶩᶝᵺᶲ  G

᷈ḻḎ᷂ḁḐᶍ ᶊᶎ᷈ḁḐᵫᵪᵪᶪᵾᶠᴲ᷈ḻḎ᷂ḁḐᵫ ᶉᵣᶚᶈᶷḟḲ

᷆ᴻ᷿ḯḻᶍ ᵫ ᵶᶝᵸ G

ᶍḟḱḋḐḝᶾᴻḨᶍᵸᶘᶅᶍḏḘᶹḁᶱ ᶊ ᵷ᷈ḻḎ᷂ḁḐᶊ ᵸᶪ

ᶇᴲ ᶍ 2 ᶃᶍ ᵫᵡᶩᶝ :н (1) ᷈ḻḎ᷂ḁḐᶍ ᶊᶎ᷈ḁḐᵫᵪᵪᶪᵾ

ᶠᴲᶷḟḲ᷆ᴻ᷿ḯḻᶎᶧᶩ ᶆᵸᴳ(2) ḗᴻḑᶻᶼᶷᶆ᷊ḥᴻḐᵴᶫᶅᵣᶪ

ᶍ ᵫ ᵴᶫᶝסּ  н( : USM)  G
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ᶍ C++ ḟḵ᷅ḱḨᶗᶍ SYCL ᶍ  נּ
 

ᶍ C++ ḟḵ᷅ḱḨᶊ ᶉ ᶱ ᵸᶪᵲᶇᵫSƎYCL ᶱנּ ᵸᶪ

ᶍḁḎḋḟᶆᵸ CG++ ᶷḟḲ᷆ᴻ᷿ḯḻᵫᵸᶆᶊ ᶱ ᶂᶅᵣᶪ ᴲ

ᵼᶫᶎ ᶆᶡᵡᶩᴲ ᶍ ᶇᶉᶪ ᶡᵡᶩᶝᵸᴳᵲᶫᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ

ḷᴻ᷄ᶱ ᶊ ᵸᶪ ᵫᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶊ ᵬᵮ☼ ᵸᶪᵾ

ᶠᶆᵸᴳḟḵ᷅ḱḦᴻᵫḟḵ᷅ḱḨᶍ ᶍḲḝᶶ᷄ḇḲḻ᷅ᶊᶃᵣᶅ ᵸᶇᵬᴲ

ᵼᶫᶎḟḵ᷅ḱḨ ᶍ ḝḵᴻᶇḏᴻḇᶱ ᵶᴲ ᶱ ᶆᵬᶪ

ᶊ ᵧᶪᵲᶇᶱ ᵶᶝᵸᴳᵲᶫᶎ ᶉḐḜḋ᷄ᶆᵡᶪᵾᶠᴲᵲᵲᶆᶎ ᶊ

ᶫᶪᵿᵰᶊᵶᶝᵸᴳ ᵰᶊᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪ ᶊᶃᵣᶅᴲ

ᶍ ᵧᶎᵡᶩᶝᵺᶲᵫᴲ ᶊ ᵸᶪḚḻḐᵫᵣᵮᶃᵪᵡᶩᶝᵸᴳ 

 

C++ ᶷḟḲ᷆ᴻ᷿ḯḻᶊ ᶱ ᵸᶪנּ ᴲ ᵸᶘᵬ ᶉᶷḟḵᴻ

ḉᶎᴲ ᶍּס ᵫ ᶡ ᵣḟḵ᷅ḱḨ ᶍ ᵶᵾḥᶹḻḐᶱ ᶃᵰᶪᵲ

ᶇᶆᵸᴳᵼᵲᵪᶨ ᶱ ᵶᴲ ᶊꞌᵷᶅ ᶍ ╓ᶊ ᶱ ᵸᶪᵲᶇנּ

ᶡᶆᵬᶝᵸᴳ ᶉ ╣ᶇᵶᶅᴲḲḝᶶ᷄ḇḲḻ᷅ (ᶃᶝᶩᴲḟḵ᷅ḱḨḝḵᴻᶍ

ᶇḏᴻḇ ᶍ ) ᵫᴲ ᶍּס ᶱ ᶠᶪ ᵫᵡᶩᶝᵸ G

 

ḟḵ᷅ḱḨ ᶆ ᶍּס ᵫ ᶡ ᵣ ᵶᵾḥᶹḻḐᶱ ᶃᵰᵾᶨᴲᵼ

ᶍḥᶹḻḐᶆ SYCL ᶱᶈᶍᶧᵥᶊ ᵸᶪᵪ ᵶᶝᵸᴳᵼᶫᵫ ᶍ ᶩᶍ

ᶆ ᵴᶫᶅᵣᶪᵲᶇᶆᵸ  G

 

ᶝᵪᶊ ᵧᶏᴲ ᶱ ᵸᶪ ᶉ ᶎ ᶍᶇᵩᶩᶆ:н 

 

1.  ᶊᶧᶪ↨  ( ᶍ CPU ḟḵ᷅ḱḧḻ᷅ᶆᶎ╗ ᶊḁḴḋ

ḑḃᴻḝᶇ ᶏᶫᶝ )н: ᵸᶘᶅᶍ סּ ḏᴻḇ ( סּ ᶆ ᶊ

ᵴᶫᶪּס ᶍᵡᶪḏᴻḇ) ᶍ ᶱ ᵶᶅᴲḏᴻḇ ᶱ

ᵭᶝᵸᴳ  19 ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

2.  ᵩᶧᶒ ᶱ ᵶᶝᵸ  G

 

3.  ᶍḉḭᴻḓḻ  ᷅( ᶉḁ᷆ᴻḲḻ᷅ᴲḁḳᴻḟḋḐᶝᵾᶎḴ

ᶹḎḻ᷿ᴻᶍ (טּ  G
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ᶝᵹḁḎḋḟ #1 ᶱ ᵶᶝᵸᴳ ᵮᶍᶷḟḲ᷆ᴻ᷿ḯḻᶎᵸᶆᶊ ᶍᵾ

ᶠᶊḲḝᶶ᷄ḇḲḻ᷅ᵴᶫᶅᵣᶝᵸᵫᴲᵼᵥᶆᶉᵣᶷḟḲ᷆ᴻ᷿ḯḻᶡ ᵮᵡᶩ

ᶝᵸ SGYCL ᶱ ╗ᶍ ᶇᵶᶅᴲ᷀ᴻḕḳ ᶆ ᵴᶫᴲḣḁḐᶇ

ᵴᶫᶪḏᴻḇᶍ↨ ᶊ ᶱ ᶅᶝᵸᴳḟḵ᷅ḱḨᶊ ᶱ ᵸᶪ ᶍ

Ḏ᷄ḓḋ  ᷄(OpenMP MƎPI TƎBB ᶉᶈ) ᶱ ᵶᶅᵣᶪ ᴲᵼᶫᶎ SYCL 

ḟḵ᷅ḱḧḻ᷅ᶊּנᵧᶅ ᶍנּ ᶇᶉᶩᶝᵸ1G ᶃᶍḟḵ᷅ḱḨ ᶆ

ᶍ ᶱ ᵶᶅᶡ ᶉᵣᵲᶇᶱ ᵸᶪᵲᶇᵫ ᶆᵸSGYCL ᵫḟḵ᷅ḱ

Ḩ ᶍ ╗ᶍ ᶆᵡᶪ ᶎᵡᶩᶝᵺᶲᴳ ᶆᶎᴲ ᶍ

ᶇ ᶞ ᶮᵺᶪ ᶉḐḜḋ᷄ᶊᶃᵣᶅᶎ ᶫᶅᵣᶝᵺᶲᴳ 

 

 

ᶍ᷈ḻḙᶹḱᴻᶱ ᵸᶪ ᶍ  
 

SYCL ᶱ᷊ḥᴻḐᵸ  ᶅC++ ᷈ḻḙᶹḱᴻᶎᴲ ᶍ C++ ᷈ḻḙᶹḱᴻᵫ ᵶ

ᵾᶿḞḀᶼ᷄Ḑᴴ᷈ᴻḑ (ḱᶹḞḱḲᴻᴲᶿḞḀᶼ᷄Ḑᴴḝᶶᶹḳᶉᶈ) ᶇᶍḲḻ᷄ᶡ᷊

ḥᴻḐᵶᶝᵸᴳ╗ ᶊᴲ ᶍ᷈ḻḙᶹḱᴻᶱ ᵸᶪᵲᶇᶆ ᵷᶪ ᶎᴲC++ 

᷈ḻḙᶹḱᴻᶇ ᵷᶆᵡᶩᴲ ᴲ ᵷ ḱᶹḞḱḲᴻᶍḇᴻ᷇ḋḐ ᴲ

ᶒ ᵶ ᶗᶍ ᴲᶉᶈᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶨᶎᴲFortran ᶣ C 

ᶉᶈᶍ ᶍ ᶍ᷈ḻḙᶹḱᴻᶱ ᶞ ᶮᵺᶅ ᵸᶪ ᶊ ᵴᶫᶪ

ᶇ ᵷᶆᵸ  G

 

ᵴᶨᶊᴲᶷḟḲ᷆ᴻ᷿ḯḻᶎᴲḟḵ᷅ḱḨᶍḛḳḑᶊ ᵴᶫᶪ᷈ḻḙᶹḱᴻᵫ

ᵸ  ᶅSYCL ḱḻḇᶹḨᶱ ᵸᶪ ᵫᵡᶩᶝᵸSGYCL ᷈ḻḙᶹḱᴻᶇ 

SYCL ḱḻḇᶹḨᶱ ᵴᵺᶪᶍᶎ↨ ᶆᵡᶩᶝᵺᶲᴳ│ᶉᶪḱḻḇᶹḨᶆᶎᴲ

ᶉ SYCL ᶿḞḀᶼ᷄Ḑᶍ ᶇḏᴻḇḴᶹᶷᶻḐᵫ│ᶉᶪ ᵫᵡᶩᶝᵸᴳ 
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SYCL ᶇ  SYCL ḅᴻḁ ᶇᶍ ◖ ᶎ OƎpenCL CƎ CƎUDA ᶉ

ᶈ ᶍḟḵ᷅ḱḧḻ᷅ ᶆ ᵴᶫᵾ᷀ᴻḕḳ ᶝᵾᶎḏḘᶹḁ ᶱ

ᵶᵾᶩᴲ ᶍ᷈ḻḙᶹḱᴻᶆ᷈ḻḙᶹḳᵴᶫᵾ ᶍ᷈ᴻḑᶱ ᵸ

ᶪ SYCL ᶍ ᶱ ᵶᶝᵸ  G  SYCL ḅᴻḁ ᶇᶍ ◖ ᶍ ᶊ

ᶃᵣᶅᶎᴲ  20 ᶱ ᵶᶅᵮᵿᵴᵣ  G

ᶊ SƎYCL ḏḘᶹḁ᷈ᴻḑᶍ᷈ḻḙᶹḳᶊ ᵴᶫᵾ᷈ḻḙᶹḱᴻᴴḌᴻḳ

ḉᶼᴻḻᶎᴲ᷈ḻḙᶹḳᶍḲḻ᷄ḝᶼᴻḂᶊᶡ ᶆᵸᴳ│ᶉᶪ᷈ḻḙᶹḱᴻᴴḌᴻ

ḳḉᶼᴻḻᶍḲḻ᷀ᴻᶆḲḻ᷄ᵸᶪᶇᴲSYCL ᶊ ꞌᵶᶅᵣᶉᵣ᷈ḻḙᶹḱᴻᶎḣ

ḁḐ᷈ᴻḑᶇḏḘᶹḁ᷈ᴻḑᶱ ᶊ ᶆᵬᶉᵣᵾᶠᴲ ᵸᶪḟḵ᷅ḱḨᶱ

ᶆᵬᶝᵺᶲ  G

 

 

ḏḘḋ  ᷅
 

ᵲᶍḃ᷿᷄ḯḻᶆᶎᴲ ḟḵ᷅ḱḨᴲ ᶊ│ Ḧ᷿ḻᶱ ᶇᵸᶪḟḵ᷅ḱḨᶍ

ḏḘḋ᷅ᶊ ᶍ ᶱ ᵸᶪᴲḏḘḋ᷅ᶊ ᵸᶪ ᶉᶷḑḘᶹḁᶱ ᵶᶝ

ᵸ  G

 

ᶷḟḲ᷆ᴻ᷿ḯḻᵫ CPU ḏḘᶹḁ ᶆ ᵴᶫᶅᵣᶪ ᴲḏḘḋ᷅ᶱ ᵥ

ᵫᵡᶪᵲᶇᶱ ᵶᶅ ᶫᶅᶎᶉᶩᶝᵺᶲᴳᵲᶍḏḘḋ᷅ᶍḚḻḐᶊᶃᵣᶅᶎᴲ 

2 ᶍ ᵆ  #2  bᶆ ᵶᶅᵣᶝᵸᴳḏḘᶹḁᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶊᶎ  

CPU ᶧᶩᶡḏḘḋ᷅ᶍ ᵫ ᶉᵣᵲᶇᵫ ᵣᵾᶠᴲḌᴻḳᶎ CPU ᶍ᷈

ᴻḑᶱᶧᶩ ᶊ ᶆᵬᶝᵸ G ᵸᶘᶅ  ɵCPU ᶆ ᵸᶪ ᶇᶍ┴ᵣᶎᴲ

ᶊ ᵸᶪ ᵮᶍᶽḱᴻᵫ ᵴᶫᶪ ᶆᵡᶩᴲᵲᶫᶊᶎḣḁḐᶇḏḘᶹḁ

ᶍḩḪḲᴻᶍ┌ ᶡ ᶝᶫᶝᵸᴳ ᶊᶎᵲᵥᵶᵾᶽḱᴻᶱᵸᶘᶅḏḘḋ᷅ᵸᶪ

ᵫᵡᶩᶝᵸᵫᴲᵲᶫᶊᶧᶩ ᶉḏḘḋ᷅ᵫּס ᶇᶉᶩᴲ╗ ᶍḘ᷅ᶱ ᶍ

Ḙ᷅ᶧᶩ ᶊ ᶆᵬᶝᵸ  G 
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ᴲḇᴻ᷇ḋḐḏḘᶹḁᶆּס ᶉ ᶩ ᶊ ᵸᶪᵲᶇᵫ ᶆᵡᶪᵲᶇᵫ

ᶮᵪᶩᶝᵸᴳᶝᵾᴲḏḘḋ᷅ḟḵḃḁᶍ╗ ᶇᵶᶅ CPU ( ᵩᶧᶒ ᶍḏḘᶹḁ) 

ᶗᶍ┌ ᶱ ᵸᶪᵲᶇᶡ ᶊ ᶆᵸᴳ ᶍḏḘᶹḁᶆ ᵶᶅ

ᶱ ᶨᵪᶊᵸᶪᵲᶇᶆᴲ ᵶᵾḘ᷅ᵫḏḘᶹḁ ᶆᵡᶪᵪ ᵸᶪᶍᶊ

ᶀᶝᵸ  G

CPU ᶆ ᵴᶫᶪḏḘḋ᷅ᶍḚḻḐᶎ ᶉḏḘḋ᷅Ḍᴻḳᶆᵸᴳ 

ḟḵ᷅ḱḧḻ᷅ᶍᶽḱᴻᴲ ᶊḏᴻḇ ᶇḏḋḑḵḋ᷄ᶎᴲ ᴲᵸᶘᶅ

ᶍ᷈ᴻḑᶱḣḁḐ ᶆ ᵸᶪᵲᶇᶆ ᵶᴲ ᵶᶣᵸᵮᶉᶩᶝᵸᴳ  

ᶉᵲᶇᶆᵸᵫᴲḣḁḐᶇḏḘᶹḁᶱ ᶞ ᶮᵺᶆ ᵸᶪ ᴲᵲᶍᶧᵥᶉ

ḟḵ᷅ḱḧḻ᷅ᴴᶽḱᴻᶊᶧᶪḟḵ᷅ḱḨᶍ ᵫ ᶡ ᶊ ᵶᶝᵸᴳᵲᶍᶧ

ᵥᶉ ᵫ ᵶᵾ CƎPU ᶍᶞᶊ ᵸᵲᶇᵫ ᶉḏḘḋ᷅Ḍᴻḳᶆᵡᶪᵲ

ᶇᶱ ᵧᶅᵩᵮᶇᶎᴲ ᶊ ᶆᵸᴳ ᵣᶉᵲᶇᶊᴲSYCL ᶎᵲᶍᶿḟ᷿ḯḻᶱᵣ

ᶃᶆᶡ ᶆᵬᶪᶧᵥᶊᴲᶝᵾ ᶊᶷ᷄ḃḁᶆᵬᶪᶧᵥᶊ ᵴᶫᶅᵣᶝᵸᴳ  

ḟḵ᷅ḱḨᵫḏḋḑḵḋ᷄ᵶᵾ ᶍḏḘḋ᷅ᶍḚḻḐ: ḣḁḐᶷ᷄ḃ᷊ᴻᵫ

ᶊ ᵴᶫᶅᵣᶪᵲᶇᴲᵩᶧᶒ᷀ᴻḕḳ ᶍḷᴻ᷄ ᵫ SYCL ᶍ ḳ

ᴻḳᶊ ᶂᶅᵣᶪᵲᶇᶱ ᵶᶅᵮᵿᵴᵣ G

ḏḘḋ᷅ᶱ ᶠᶪᶇᵬᶎᴲ ᶍ᷈ḻḙᶹḱᴻᴴᶿḟ᷿ḯḻᶍ ᶱᵩ ᶠᵶᶝᵸ: 

 

 ɯ - g: ḏḘḋ᷅ ᶱ ᵶᶝ  н

 

 ɯ - ferror - limit=1 : SYCL ᶆ ᶊ ᵴᶫᶪḎḻḟḴᴻḐᴴḱ

ᶹḞḱḲᴻᶆ C++ ᶍ ᶱ┐ ᵶᶝ  н

 

 ɯ - Werror - Wall - Wpedantic : ᷈ḻḙᶹḱᴻᶊ ᶉ᷈ᴻḏᶸḻ

᷅ᶱ ᵴᵺᴲ ᶊḏḘḋ᷅ᵸᶘᵬ ᶂᵾ᷈ᴻḑᶍ ᶱ

ᵶᶝ  н
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SYCL ᶱ ᵶᵾ C++ ᵾᶠᵿᵰᶊᴲ ᶍ ᶊ ᶱ ᶣᵸ ᶎᶉᵣ

ᵾᶠ -Ǝ Wpedantic  ᶱ ᵶᶉᵣᶍᶎ ᶆᵬᶝᵸ  G

 

ᶊ᷈ᴻḑᶱḀḫḁḐᶹḻḇᶹḨᶆ᷈ḻḙᶹḳᶆᵬᶪᶧᵥᶊᵸᶪᵲᶇᶆᴲ

ᶆᵬᶪ᷈ᴻḑᶡᵡᶩᶝᵸᴳᵲᶫᶎ᷈ḻḙᶹḱᴻᵫ ᵸᶪḴᶹḬᴻᶊ ᵬᵮ∟ ᵸ

ᶪᵾᶠᴲ᷈ḻḙᶹḱᴻᶍḑ᷂ḭḩḻḐᶱ ᵶᶅ ᶱ ᵸᶪᵲᶇᶱᵩ ᶠ

ᵶᶝᵸ  G

 

ḏḋḑḵḋ᷄ᶣ ᶍ ᶍ ᶍḏḘḋ  ᷅

 

ḟḵ᷅ḱḧḻ᷅ᶎᴲ ᵶᶅ ᶮᶫᶪḷᴻ᷄ ᶍ ᶊ∟ ᵶᶝᵸᴳḏᴻḇᶍ

ᶎᴲḏᴻḇᵫ סּ ᶊᶉᶪḇᶹḧḻ᷅ᶆ ᵴᶫᶪ ᵫᵡᶩᶝᵸᴳᵲᶍᶧ

ᵥᶉḏᴻḇᶍ∟ ᶎᴲ ᶉ ᶱ ᵸᶪᵾᶠḟḵ᷅ḱḨᶍḵḀḋ᷄ᶊ

ᶞ ᶝᶫᶪ ᵫᵡᶩᶝᵸ  G

 

/∟ ᶍḵḀḋ᷄ᶆᶽḱᴻᵫ ᵶᵾ ᴲ ᶊ USM ᶆᶍ∟

ᶍ ᶍḏḘḋ᷅ᶎ ᶊᶉᶪּס ᵫᵡᶩᶝᵸᴳḟḵ᷅ḱḨᵫḗḻ᷅ᶷḋḟᵸᶪ 

( ᵶᶉ )r ᵪᴲ ᶂᵾ ᵫ ᶊ ᵴᶫᶪᶆᵶᶦᵥᴳᵲᶍᶧᵥᶉ ᴲ

ᴾḏḘḋ᷁ᴻᶆ ᵸᶪᶝᶆᶎ ᵸᶪᵫᴲḏḘḋ᷁ᴻᶆ ᵸᶪᶇ ᶊ ᵸ

ᶪ  Rᶉᶈᶍ ᵫ ᶨᶫᶪᵲᶇᵫᵡᶩᶝᵸ Gᵲᶍᶧᵥᶉ ᶉ ᶎᴲ

ᶣḵḋ᷄ᴲ᷂ḭᴻ ᶍ ᶉ∟ ᶉᶈᴲ ᶊ ᵴᶫᶅᵣᶉᵣ∟

ᶊ ╣ᵸᶪᵲᶇᵫ ᵮᵡᶩᶝᵸ G

 

ᶉḏḘḋ᷅ ᶇᵶᶅᶎᴲ∙ּזᵫᵡᶩᶝ:н 

 

 ɯ ᶹḻᶿᴻḈᴻᴴ᷂ḭᴻᵪᶨᶷᶻḐᶿḞᶿᴻḈᴻᴴ᷂ḭᴻᶗᶍ ᶩ ᵧ 

 

 ɯ queue.wait()  ᶍ ᶒ ᵶ 
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ḏḘḋ᷅ ᶊᵲᶫᶨᶱ ᵸᶪᶇᴲ∟ ᵫ ᵶᶅᵣᶪּס ᶍᵡᶪ

ᶱ ᵸᶪᶍᶊ ᶀᶝᵸᴳᵲᶍᶧᵥᶉ ᶊᶧᶩḟḵ᷅ḱḨ ᵫ ᶝטּ

ᵾᶎ ᵶᵾ ᴲ /∟ ḵḀḋ᷄ᶊ ᵸᶘᵬ ᵫᵡᶪᵲᶇᶱ ᵶᶅ

ᵣᶝᵸᴳ ᶎᴲᵲᶫᶨᶍ╗ ᶉḏḘḋ᷅ ᶎ ᵶᶝᵸᴳ 

 

᷀ᴻḕḳ᷈ᴻḑᶍḏḘḋ  ᷅

 

᷀ᴻḕḳ᷈ᴻḑᶱḏḘḋ᷅ᵸᶪᶊᶎᴲᶝᵹ CPU ḏḘᶹḁᶆ ᵶᶝ  н(  2 

ᶆ ᵴᶫᶪᶧᵥᶊ)ᴳ  2 ᶍḏḘᶹḁḃḴ᷄ḇᴻᶍ᷈ᴻḑᶎᴲḏḘḋ᷅ ᶊḷ

ᴻ᷄ᶱḣḁḐḏḘᶹḁᶊḲḈᶹḴ᷄ḐᵸᶪḱḻḇᶹḨᶿḟ᷿ḯḻᴲᶝᵾᶎ᷈ḻḙᶹḱ

ᴻ ᶊᶿḟ᷿ḯḻᶱ ᵰ ᶫᶪᶧᵥᶊ ᶆᵬᶝᵸᴳ 

 

᷀ᴻḕḳ᷈ᴻḑᶱḏḘḋ᷅ᵸᶪ SƎYCL ᶎ᷀ᴻḕḳ ᶆ ᶆᵬ  ᶅC++ 

ḁḇᶹḳᶍḁḐḲᴻḨᶱ ᵶᶝᵸ (  13 -4 ) DGPC++ ᷈ḻḙᶹḱᴻᶎᴲ

ᵬᶆᵸᵫᴲ ᶉ ᶱ ᵧᵾ C ḁḇᶹḳᶍ printf  ᶍ ᶉ ᶡ ᵶ

ᶝᵸ  G

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

 stream   out ( 1024 , 256 , h);  

 h. parallel_for ( range { 8}, [=]( id <1> idx ) {  

  out << "Testing my sycl stream (this is work - item ID:"  

      << idx << ") \ n" ;  

 });  

});  

 

 13 - 4. sycl::stream  

 

᷀ᴻḕḳ᷈ᴻḑᶱḏḘḋ᷅ᵸᶪᶊᶎᴲ ᴲḞḴᴻ᷄ḥᶹḻḐᶱ 

parallel_for  ᶍ ᶝᵾᶎ parallel_for  ᶊ ᵶ pƎarallel_for  

ᶊᶎ ᵶᶉᵣᵲᶇᵫ ᵴᶫᶝᵸpGarallel_for  ᶊ ᵴᶫᵾḞḴᴻ᷄ḥᶹ

ḻḐᶎᴲ ᶍ ᶱ ᵶᵾ ᶆᶡḞḴᴻ᷄ḥᶹḻḐᶱ ḐḲ᷁ᴻᵸᶪּס

ᵫᵡᶩᶝᵸᴳᵲᶍ C++ ḏḘḋ᷅ᶍᶷḑḘᶹḁᶎSƎYCL ᶍᶧᵥᶉ ᵮᶍḎḻḟḴ

ᴻḐ ᶊᶡ ᵴᶫᶝᵸᴳḎḻḟḴᴻḐ ᶒ ᵶᶊ ᵴᶫᵾḞḴᴻ᷄ḥᶹḻḐ

ᵫ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ ᵴᶫᶪᶇᴲ ᶉ╗ ᶍḞḴᴻ᷄ḥᶹḻḐ ᶊ ᵴ

ᶫᶝᵸ  G 
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ᶊᶧᶂᶅᵲᶫᶱ ᵸᶪ ᶎᵡᶪᵪᶡᵶᶫᶝᵺᶲᵫᴲᵲᵲᶆᶍ ᶉ ᶎᴲ

parallel_for  ᶊḞḴᴻ᷄ḥᶹḻḐᶱ ᵶᶉᵣᵲᶇᶆᴲᵸᶘᶅᶍ ᶆ

ᶱ ᶆᵬᶪᵲᶇᶆᵸ  G

 

ḱḻḇᶹḨ ᶍḏḘḋ  ᷅

 

ḀḫḁḐᶹḻḇᶹḨᴴ᷈ḻḙᶹḳ ᶊḱḻḇᶹḨᶽḱᴻᵫ ᵶᵾ ᴲ∙ּזᶍᵣᵹ

ᶫᵪᶍ᷆ᴻḁᵫ ᵧᶨᶫᶝ :н 

 

1. סּ  ᶉḗᴻḑᶻᶼᶷᵫ᷊ḥᴻḐᶆᵬᶉᵣ ᶱ ᶊ ᵶᵾ

᷆ᴻḁ ( : fp16   ɥsimd8 )  

2.  ᷈ḻḙᶹḱ /ᴻḱḻḇᶹḨᶍḘ  ᷅

3.  ᶂᵾ᷈ᴻḑᶱ ᵶᴲḱḻḇᶹḨᶆ ᵫ ᵸᶪᶝᶆ ᵴᶫᵹᴲ

ᶉḱḻḇᶹḨᴴᶽḱᴻᴴḩḋḃᴻḀᵫ ᵴᶫᶪ᷆ᴻḁ 

 

ᵲᶫ  ʝ3 ᶃᶍ᷆ᴻḁᵸᶘᶅᶊᵩᵣᶅᴲḘ᷅ᶱ ᵶᵮ ᶘᶪᶍᶎ ᵫ ᶪᵪᶡᵶ

ᶫᶝᵺᶲᴳᵡᶩᵫᵾᵣᵲᶇᶊᴲᵵᶂᶇ ᵾᵿᵰᶆᶡᴲ ᶍ ╣ᶱ ᶊ №ᶆᵬ

ᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶊᶧᶩᴲ ᶱ ᵸᶪ ᵫ ᶨᶫᴲ᷈ḻḙᶹḱᴻᴴḉᴻ

ḨᶊḘ᷅ḴḥᴻḐᶱ ᶪᶍᶊ ᶃᵪᶡᵶᶫᶝᵺᶲᴳᵣᵹᶫᶊᵶᶅᶡᴲ ♬ᶉḌᴻ

ḳᵫᵡᶪᵲᶇᶱ ᶪᶍᶎ ᶆᵸ  G

 

ᶽḱᴻᶱ ᵸḟḵ᷅ḱḨᶍ ᶎ ᶍ ᶍᶧᵥᶊᶉᶩᶝ:н 

 
terminate called after throwing an instance of 

'sycl::_V1::runtime_error'  

   what(): Native API failed.Native API returns: ...  

 

   or  

 

terminate called after throwing an instance of 

'sycl::_V1::compile_program_error'  

   what(): The program was built for 1 devices  

... 
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error: Kernel compiled with required subgroup size 8, which 

is unsupported on this platform  

in kernel: 'typeinfo name for main::'lambda'(sycl::_V1::nd_ 

item<2>)'  

error: backend compiler failed build.  

  - 11 (PI_ERROR_BUILD_PROGRAM_FAILURE) 

 

ᵲᶍᶧᵥᶉ ᶱ ᶪᶇᴲḣḁḐḟḵ᷅ḱḨᵫᶽḱᴻᶱ᷂ḫḋḉᵸᶪᶧᵥᶊ ᵴ

ᶫᶅᵣᶪּס ᵫᵡᶪᵲᶇᵫᶮᵪᶩᶝᵸᴳ ᶍᶽḱᴻᶎᴲḕᶹḎᶸḞᶆ᷊ḥᴻḐᵴ

ᶫᶉᵣ API ᶊᶷ᷄ḃḁᵶᵾ ᶊ ᵸᶪᴲ ᶉᶽḱᴻᶱ ᵶᶅᵣᶝᵸ (ᵲᶍ

ᶎᴲḟḱḋḐḝᶾᴻḨᶆ᷊ḥᴻḐᵴᶫᶅᵣᶉᵣḣḁḐ ᶍḩḪḲᴻ ᶩ ᶅᵫ

ᵴᶫᶅᵣᶝ )н 2G ᶍᶽḱᴻᶎ SƎIMD8 ᵫ᷊ḥᴻḐᵴᶫᶅᵣᶉᵣḏḘᶹḁᶊ

ᵴᶫᵾᵲᶇᶱ ᶊ ᶆᵬᶝ  н(ᵲᶍ ᶎᴲ ᶮᶩᶊ SIMD16 ᵫ᷊ḥᴻḐ

ᵴᶫᶅᵣᶝ )нᴳḱḻḇᶹḨᴴ᷈ḻḙᶹḱᴻᶍ ᶊᶧᶂᶅᶷḟḲ᷆ᴻ᷿ḯḻᶱᶷḤᴻ

Ḑᵸᶪ ᶎᵡᶩᶝᵺᶲᴳ ᶱ᷂ḫḋḉᵶᵾᶩᴲ ᶱ ᵸᶪ᷈ᴻḑᶱ ᵶᵾ

ᶩᴲᵡᶪᵣᶎᵼᶍ ᶱ ᵧᶝᵸ  G5 ᶆᵲᶍḐḜḋ᷄ᶊᶃᵣᶅ ᵶᵮ ᵶᶝ

ᵸ  G

 

ᶊ ᵫ ᵶᴲᵸᵯᶊḏḘḋ᷅ᵸᶪᶍᵫ ᶆᵡᶪ ᶎᴲ  

(AOT) ᷈ḻḙᶹḳᶊᶧᶩ ᶱ ᵶᶅᶞᶪּל ᵫᵡᶩᶝᵸᴳḇᴻ᷇ḋḐḏḘᶹḁ

ᵰᶊ ᷈ḻḙᶹḳᵫּס ᶆᵡᶪ ᴲᵲᶫᶱ ᶊ ᵸᵲᶇᵫᶆᵬᴲ ᵪᶩ⌐

ᵣ ᵫוֹ ᶨᶫᶪּס ᵫᵡᶩᶝᵸ  Gᶽḱᴻᵫ JIT ᶣḱḻḇᶹḨᶆᶎᶉᵮ᷈ḻ

ḙᶹḳ ᶊ ᵴᶫᵾ JƎIT ᶣḱḻḇᶹḨᵪᶨ ᵴᶫᶪ ᶍᶽḱᴻ ᶆ

ᶎᶉᵮᴲ᷈ḻḙᶹḱᴻᵪᶨᶍᶽḱᴻḩḋḃᴻḀᶊᶎᴲ ᶉ ᵫ ᶃᵪᶪᵲᶇᵫᵡ

ᶩᶝᵸ  G

 

 13 -5  ᶊᶎᴲ ᶉḏḘḋ᷅ᶱ ⱱᵸᶪ᷈ḻḙᶹḱᴻᶝᵾᶎḱḻḇᶹḨᶆ᷊ḥ

ᴻḐᵴᶫ  ᶅ2 ᶃᶍḝḱ᷅ᶇ  (Windows ᵩᶧᶒ Linux ᶆ᷊ḥᴻḐ) ᵫḲ

ḁḐᵴᶫᶅᵣᶝᵸᴳᵲᶫᶨᶎᴲ᷈ḻḙᶹḳḪḏḳᶱ ᵩᶧᶒ ᵸᶪᵾᶠᶊ ᵸ

ᶪ DƎPC++ ᷈ḻḙᶹḱᴻ ᶍ ᶉḏḘḋ᷅ᶿḟ᷿ḯḻᶆᵸᴳᵲᶫᶨᶊᶃᵣᶅ

ᶎ ᶆᶎ ᶡᶉᵮᴲ ᶡᵴᶫᶝᵺᶲᵫGƎitHub ḟḵḀᶼ᷄Ḑᶍᶿḻḱᶹḻᶆ

ᵫ ᵴᶫᶅᵣᶝ  н( intel.github.io/llvm -

docs/EnvironmentVariables.html  ᵩᶧᶒ tinyurl.com/IGCoptions )  G

 
 
 
 

intel.github.io/llvm-docs/EnvironmentVariables.html
intel.github.io/llvm-docs/EnvironmentVariables.html
tinyurl.com/IGCoptions
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ONEAPI_DEVICE_SELECTOR intel.github.io  ᶍḑ᷂

ḭḩḻḐᶊᵡᶪᶿḟ᷿ḯḻᶍ

ᶊᶃᵣᶅᶎᴲθ ḻḱᶹḻH ḑ

᷂ḭḩḻḐᶱ ᵶᶅᵮᵿᵴ

ᵣ  G

SYCL ᶱ ᵸᶪᶷḟḲ᷆ᴻ᷿ḯḻᶍ

ᶊ ᵸᶪḏḘᶹḁᶍ ᶱ ᵸᶪ

ᵾᶠᶊ ᶆᵬᶝᵸᴳḏḘᶹḁᶱ ᶍḇ

ᶹḟ (GPU ᶣᶷ᷄ḃḱḴᴻḇ )ᴻ ᶝᵾᶎḘ

ḋ᷄ᶽḻḑ (ḴḡḳḄḵ  ɥOpenCL) ᶊ

ᵸᶪᶍᶊ ᶀᶝᵸ  G

SYCL_PI_TRACE 1 ( )  Ǝ

2 ( )  Ǝ

- 1 ( ᵸᶘᶅ)  

ḱḻḇᶹḨ: ᵫ 1 ᶍ ᴲḟḱ᷅ᶹḻᵩᶧ

ᶒḏḘᶹḁᶱ ᵸᶪḱḻḇᶹḨᴴḟḱ᷅ᶹ

ḻᴴᶹḻḇᴻḝᶼᶹḁ (PI) ᶍḐḴᴻḁᵫ

ᶊᶉᶩᶝᵸᴳ ᵫ 2 ᶍ ᴲᵸᶘᶅᶍ 

PI ᶒ ᵶᶍḐḴᴻḁᵫ ᶊᶉᶩᶝᵸᴳ 

ᵫ - 1 ᶍ ᴲᵸᶘᶅᶍḴḡḳᶍḐḴᴻ

ḁᵫ ᵴᶫᶝᵸ  G

SYCL_PRINT_EXECUTION_GRAPH always  (ᶝᵾᶎᴲ

before_addCG ᴲ

after_addCG ᴲ

before_addCopyBack ᴲ

after_addCopyBack ᴲ

before_addHostAcc ᴲ

after_addHostAcc ᶱ

ᵶᶅᴲ ᵶᵾḝᶶᶹḳᶍ

ᶞᶱḈḻḟᵸᶪᶧᵥᶊ ᵶ

ᶝ )н  

ḱḻḇᶹḨ: ᷅ḱḝᶱḐḴᴻḁᵸ  ᶅ

(DOT ᵬ) ᶱ ᵶᶝᵸᴳ

ᶊּךᵫ ᵶᵾᵪᴲᵼᶍ ᶱ

ᶊ ᶆᵬᶝᵸ  G

IGC_ShaderDumpEnable  0 ᶝᵾᶎ 1 Linux ᶍᶞ ḱGḻḇᶹḨ: ᶹḻḎḳᴴ᷅ḱḝᶸ

ḋ᷄ḁᴴ᷈ḻḙᶹḱᴻ (JIT) ᶊ╗ ᶍ

ᶱḈḻḟᵸᶪᶧᵥ ᵶᶝᵸ G

IGC_ShaderDumpEnableAll  0 ᶝᵾᶎ 1 Linux ᶍᶞ ḱGḻḇᶹḨ: ᶹḻḎḳᴴ᷅ḱḝᶸ

ḋ᷄ḁᴴ᷈ḻḙᶹḱᴻ (JIT) ᶊ ᶍ

ᶱḈḻḟᵸᶪᶧᵥ ᵶᶝᵸ G

 
 13 - 5.  DPC++ ᷈ḻḙᶹḱᴻᶍ ᶉḏḘḋ᷅ᶿḟ᷿ḯḻ 

 

ᵲᶫᶨᶍᶿḟ᷿ḯḻᶊᶃᵣᶅᶎ ᶆᶎ ᵶᵮ ᵶᶝᵺᶲᵫᴲ ᶊꞌᵷᶅ

ᶉḏḘḋ᷅ᶱ ᵥ ᶇᵶᶅ ᶫᶅᵩᵬᶝᵸᴳᵲᶫᶨᶍᶿḟ᷿ḯḻᶊᶧᶩᴲ ᶣ

Ḙ᷅ᶱ ᵸᶪ ᵫ ᶨᶫᶪ ᵫᵡᶩᶝᵸᴳḅᴻḁ᷈ᴻḑᵫ ᶱ╥ᵬ ᵲᵶ

ᶅᵣᶪּס ᵫᵡᶩᴲᵼᶫᶎḅᴻḁ᷈ᴻḑᶱ ᵸᶪᵲᶇᶆ ᶆᵬᶪּס ᵫᵡ

ᶩᶝᵸᴳᵼᶫ∙ ᶆᶎᴲᵲᶫᶨᶍᶿḟ᷿ḯḻᶎ᷈ḻḙᶹḱᴻ ᶍ ᶉḏḘḋ᷅ᶊ

ᵴᶫᶝᵸ  GᶃᶝᶩᴲᵼᶫᶨᶎḮᴻ᷾ᴻᶧᶩᶡ᷈ḻḙᶹḱᴻᶍ ᶱ ᶇᵶ

ᶅᵣᶝᵸᴳ╗ ᶍ Ḯᴻ᷾ᴻᶊᶇᶂᶅᶎᴲᵲᶫᶨᶍᶿḟ᷿ḯḻᵫ ᶆᵡᶪᶇ

ᵧᶨᶫᶪᵾᶠᴲᵲᵲᶆᶎᵼᶫᶨᶱ ᵶᶝᵸᵫᴲ ᵶᵮᶎ ᵶᶝᵺᶲᴳ ᶎᴲ

DPC++ ᷈ḻḙᶹḱ  ᴻGitHub ḟḵḀᶼ᷄Ḑ ( intel.github.io/llvm -

docs/EnvironmentVariables.html ) ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

 

intel.github.io/llvm-docs/EnvironmentVariables.html
intel.github.io/llvm-docs/EnvironmentVariables.html
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ḏḘḋ᷅ᶍḚḻḐ: ᶍ ᵫ ᵬᶅᴲ ᶍ ᶱḏḘḋ᷅ᵸᶪ ᵫᵡ

ᶪ ᴲ ╣ᶍ ᵫᵪᶩᶱ ᵧᶅᵮᶫᶪּס ᶍᵡᶪḈḻḟḌᴻḳᶱ ᵶᶝᵸᴳ 

᷂ḭᴻᶍḟḵḝᶶᶹḳᶇ ᶍḇᶹḧḻ᷅וֹ  

 

ᵮᶍḏḘᶹḁᶎ᷂ ḭᴻᶍḟḵḝᶶᶹḳɵ᷊ḥᴻḐᵶᶅᵣᶝ  н

( device::has(aspect::queue_profiling) )   ᶷḁḢ᷄Ḑ ᶍ ᶊᶃ

ᵣᶅᶎᴲ  12 ᶱ ᵶᶅᵮᵿᵴᵣᴳ᷿ḻḟḳᶆ ᶉᶹḻḇᴻḝᶼᶹḁᶊᶧᶩᴲ

᷂ḭᴻᶍ ᴲḏḘᶹḁ ᶆᶍ ᴲḏḘᶹḁ ᶆᶍ ᴲ᷈Ḧḻḑᶍ ᶉᶈ

ᶊ ᵸᶪ ᶉḇᶹḧḻ᷅ ᶊ ᶊᶷ᷄ḃḁᶆᵬᶝᵸᴳᵲᶍḟḵḝᶶᶹḳᶆᶎᴲ

ᴲḣḁḐᶇḏḘᶹḁ ᶍḏᴻḇ ᵫ ᶝᶫᶉᵣᵾᶠᴲḣḁḐᶍḇᶹḧḻ᷅

ḩ᷀ḓḂḨ (chrono ᶉᶈ) ᶱ ᵸᶪᶧᶩᶡᴲḏḘᶹḁᶍḇᶹḧḻ᷅ᵫ ᶊᶉᶩ

ᶝᵸᴳ  13 -6  ᶇ  13 -7  ᶍ ᶇᴲ  13 -8  ᶍ᷊ḻḟḳ ᶱ ᵶᶅᵮᵿᵴᵣᴳ

 13 -8  ᶊ ᵸ᷊ḻḟḳ ᶎᴲᵲᶍ ᶆּךᵫᶆᵬᶪᵪ ᵶᶅᵣᶝᵸᵫᴲ

ᵴᶫᶅᵣᶉᵣᵾᶠᴲטּ ᶍ᷿ḁḎḨᶱ ᵸᶪḩḲḋḐᶱ ᵸᶡᶍᶇᵶᶅ ᵶ

ᶅᶎᶉᶩᶝᵺᶲ  G 

 

aspect::queue_profiling  ᶷḁḢ᷄ḐᶎᴲḏḘᶹḁᵫ 

property::queue::enable_profiling  ᶱ ᵶᵾ᷂ḭᴻᶍḟḵḝᶶᶹḳᶱ᷊

ḥᴻḐᵸᶪᵲᶇᶱ ᵶᶝᵸᴳᵲᶍᶧᵥᶉḏḘᶹḁᶆᶎᴲ᷂ḭᴻᶱ ᵸᶪᶇᵬᶊ 

property::queue::enable_profiling  ᶱ ᶆᵬᶝᵸᴳḟḵḙḎᶸᴻᶍḲ

ḁḐᶎᴲ᷂ḭᴻᴴ᷈ḻḁḐḱ᷄ḇᴻᴴᶿḟ᷿ḯḻᶍ ḙḱḩᴻḇᴻᶆᵸᴳ  

ᵲᶫᶊᶧᶩᴲᵼᶍ᷂ḭᴻᶊ ᵴᶫᵾ᷈Ḧḻḑ᷅ḳᴻḟᶍḟḵḝᶶᶹḳ ᶍ 

SYCL  ḱḻḇᶹḨ ᶍ᷂ḫḟḉḫᴻᵫᶷ᷄ḎᶸḞᶊᶉᶩᶝᵸᴳ ᷂ ḫḟḉḫᴻᵴᶫᵾ

ᶎ SƎYCL event  ᷄ḱḁᶍ get_profiling_info  ḩḻḘᴻ ᶱ ᵶᶅ

ᶆᵬᶝᵸᴳ᷂ḭᴻᶊ ᵰᶨᶫᵾḏḘᶹḁᶊ aspect::queue_profiling  

ᵫᶉᵣ ᴲ᷈ḻḁḐḱ᷄ḇᴻᶎ errc::feature_not_supported  ᶽḱᴻ᷈ᴻ

ḑᶱ ᶟ ᶱḁḵᴻᵶᶝᵸ G 
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event ᷄ḱḁᶍ get_profiling_info  ḩḻḘᴻ ᶱ ᵶᶅᴲ

info::event_profiling  ᶊ ᵴᶫᶅᵣᶪḟḵḝᶶᶹḳ info  ḙḱḩᴻḇᴻ

ᶍ 1 ᶃᶱ ᵶᴲᶹḡḻḐᶍḟḵḝᶶᶹḳ ᶱ ᶆᵬᶝᵸᴳᵼᶫᵽᶫᶍ info  

ḙḱḩᴻḇᴻᶊ סּ ᶉ ᶇ ᶎᴲᶹḡḻḐᶊ ᵸᶪ SYCL Ḙḋ᷄ᶽḻḑᶍ

ᶆ ᵴᶫᶅᵣᶝᵸ iGnfo::event_profiling  ᶍᵸᶘᶅᶍ info  ḙḱḩ

ᴻḇᴻᶎ SƎYCL ᶍ SPYCL ᶹḡḻḐ᷄ḱḁᶍḟḵḝᶶᶹḳ ᴿ ᶇᵣ

ᵥ ᶊ ᵴᶫᶅᵩᶩ iƎnfo::event_profiling  ᶍ ᶎᴲ ᶍ ᶍ ᴾᶹḡ

ḻḐ  Rᶊ ᵴᶫᶅᵣᶝᵸ  G

 

ᵼᶫᵽᶫᶍḟḵḝᶶᶹḳ ᶎᴲ ᶆ ᵴᶫᵾḇᶹḨḡᴻḁᵪᶨḒḖ

∞ᶍ ᶱ ᵸḇᶹḨḁḇḻḟᶱ ᵶᶝᵸᴳ ᵷḘḋ᷄ᶽḻḑᶱ ᵸᶪᵸᶘᶅ

ᶍᶹḡḻḐᶎᴲ ᵷḇᶹḨḡᴻḁᶱ ᵸᶪᵲᶇᵫ ᵴᶫᶅᵣᶝᵸᴳ ᶂᶅᴲ ᵷ

Ḙḋ᷄ᶽḻḑᵪᶨᶍ 2 ᶃᶍḇᶹḨḁḇḻḟᶍ ᶎᴲᵼᶫᶨᶍᶹḡḻḐ ᶆ ᵶᵾḒ

Ḗ ∞ᶍ ᶱ ᵶᶝᵸ  G

 

ᶊᴲᶹḡḻḐᶍḟḵḝᶶᶹḳᶱ ᶊᵸᶪᶇᶿᴻḘᴻḠḋḑᵫ ᵸᶪᵾᶠᴲנּ

ᶝᵾᶎḉḭᴻḓḻ᷅ ᶊ ᶊᵶᶅᴲ◖ ᶊᶎ ᶊᵸᶪᵲᶇᶊ ≥ᵶᶅ

ᵮᵿᵴᵣ  G

ḚḻḐ: ᶍᶿᴻḘᴻḠḋḑᵫᵡᶪᵾᶠᴲ᷂ḭᴻᶍḟḵḝᶶᶹḳᶎ ᶝᵾ

ᶎḉḭᴻḓḻ᷅ ᶊᶍᶞ ᶊᵶᴲ◖ ᶆᶎ ᶊᵶᶅᵮᵿᵴᵣᴳ 
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#include  <iostream>  

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

  

// ᵲᶍ ᶍ ḇᶹḟᶇḏᴻḇ᷊ᶹḂ 
constexpr  size_t  array_size = ( 1 << 16);  

typedef  std ::array< int , array_size> IntArray;  

// VectorAdd ᶱ  (  13- 7 )  

 

void  InitializeArray ( IntArray  &a) {  

 for  ( size_t  i = 0; i < a. size (); i++) a[i] = i;  

}  

  

int  main () {  

 IntArray a, b, sum;  

 InitializeArray (a);  

 InitializeArray (b);  

 

 queue  q( property :: queue ::enable_profiling{});  

 

 std ::cout << "Vector size: "  << a. size ()  

           << " \ nRunning on device: "  

  << q. get_device (). get_info <info :: device ::name>()  

  << " \ n";  

  

 VectorAdd (q, a, b, sum);  

 

 return  0;  

}  

 
 13 - 6.  ᷂ḭᴻᶍḟḵḝᶶᶹḳᶊ ᵸᶪ  
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void  VectorAdd (queue & q, const  IntArray  &a,  

 const  IntArray  &b, IntArray  &sum) {  

 range< 1> num_items{ a. size ()};  

 buffer  a_buf (a), b_buf (b);  

 buffer  sum_buf ( sum. data (), num_items);  

 auto  t1 =  

  std :: chrono :: steady_clock :: now();     // ḇᶹḧḻ  ᷅

 

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

 auto  a_acc = a_buf . get_access <access :: mode::read>(h);  

 auto  b_acc = b_buf . get_access <access :: mode::read>(h);  

 auto  sum_acc =  

 sum_buf . get_access <access :: mode::write>(h);  

 

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

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

 });  

});  

q. wait ();  

 

double  timeA =  

     ( e. template  get_profiling_info<  

info :: event_profiling ::command_end>() -   

e. template  get_profiling_info<  

info :: event_profiling ::command_start>());  

 

auto  t2 =  

 std :: chrono :: steady_clock :: now();     // ḇᶹḧḻ  ᷅

 

double  timeB = ( std :: chrono ::duration_cast<  

std :: chrono ::microseconds>(t2 -  t1)  

                    . count ());  

 

std ::cout  

<< "profiling: Vector add completed on device in "  

<< timeA << " nanoseconds \ n" ;  

std ::cout << "chrono: Vector add completed on device in "   

 << timeB * 1000  << " nanoseconds \ n" ;  

std ::cout << "chrono more than profiling by "  

 << (timeB * 1000  -  timeA) << " nanoseconds \ n" ;  

}  

 
 13 - 7.  ᷂ḭᴻᶍḟḵḝᶶᶹḳᶱ  
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Vector size: 65536  

Running on device: Intel(R) UHD Graphics P630 [0x3e96] profiling: Vector 

add completed on device in 57602 nanoseconds chrono: Vector add completed 

on device in 2.85489e+08 nanoseconds chrono more than profiling by 

2.85431e+08 nanoseconds  

 

Vector size: 65536  

Running on device: NVIDIA GeForce RTX 3060  

profiling: Vector add completed on device in 17410 nanoseconds chrono: 

Vector add completed on device in 3.6071e+07 nanoseconds chrono more than 

profiling by 3.60536e+07 nanoseconds  

 

Vector size: 65536  

Running on device: Intel(R) Data Center GPU Max 1100 profiling: Vector add 

completed on device in 9440 nanoseconds  

chrono: Vector add completed on device in 5.6976e+07 nanoseconds chrono 

more than profiling by 5.69666e+07 nanoseconds  

 
 13 - 8.  ᷂ḭᴻᶍḟḵḝᶶᶹḳ ᵪᶨᶍ 3 ᶃᶍ᷊ḻḟḳ  

 

ḐḴᴻḁᵩᶧᶒḟḵḝᶶᶹḳᴴḌᴻḳᶍᶹḻḇᴻḝᶼᶹḁ 

 

ḐḴᴻḁᵩᶧᶒḟḵḝᶶᶹḳᴴḌᴻḳᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻ ᶍ ᶱ ᵸᶪ

ᶍᶊ ᶀᴲ ᵮᶍ ᴲᶷḳ᷉ḲḂḨᶍ ᶱ ᶨᵪᶊᵶᶝᵸᴳ ᵴᶫᶪ

ᶎ ᵮᶍ ᵫ ᵮᴲ ᵣ ᶍḏḘᶹḁᶊ ᶆᵬᶪᵾᶠᴲ ᵸᶪḟ

ḱḋḐḝᶾᴻḨᶆ ᶡ ᶇ ᶮᶫᶪḐḴᴻḁᵩᶧᶒḟḵḝᶶᶹḳᴴḌᴻḳᶱ ᵸ

ᶪᵲᶇᶱᵩ ᶠᵶᶝᵸ  GᶡᶀᶬᶲᴲḟḱḋḐḝᶾᴻḨᶱ ᵸᶪᶊᶎᴲ ᶊᵼᶍ

ḟḱḋḐḝᶾᴻḨ ᶆ ᶱ ᵥ ᵫᵡᶩᶝᵸᴳ ᶍ┌ ᶱ ᵸᶷḟḲ

᷆ᴻ᷿ḯḻᶆᶎᴲᶝᵹ ᶱ ᵥ ᶊᴲᵡᶨᶥᶪ ᶱּס ᶉ ᶩ┌ ᶍ ᵣᶡ

ᶍᶊᵸᶪᵲᶇᶱ ᵶᶝᵸ G

 

SYCL ḟḵ᷅ḱḨᵫ OpenCL ḱḻḇᶹḨ ᶆ ᵴᶫOƎpenCL Ḙḋ᷄ᶽḻ

ḑᶱ ᵶᶅᵣᶪ OƎpenCL ᶹḻḇᴻḃḟḐᴴḴᶹḬᴻ 

( github.com/intel/opencl - intercept - layer ) ᶱ ᵶᶅḟḵ᷅ḱḨᶱ

ᶆᵬᶝᵸᴳᵲᶫᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻ (ᶝᵾᶎ ∞ḴḡḳᶍḱḻḇᶹḨ) ᵫ

ᵸ  ᶅOpenCL ᷈Ḧḻḑᶱ ᴲḵ᷅ᶊ ᴲᵩᶧᶒ ᶆᵬᶪḌᴻḳᶆᵸᴳ ᵮᶍ

᷈ḻḐḵᴻḳᶱ᷊ḥᴻḐᵶᶅᵣᶝᵸᵫᴲ ᶊ ᵸᶪᶍᶊ ᵶᵾᶡᶍᶎ 

ErrorLogging BƎuildLogging ᴲᵼᵶᶅ CallLogging  ᶆ  н(ᵾᵿᵶᴲ ᶍ

ᵫ ᵴᶫᶝ )н DGumpProgramSPIRV  ᶱ ᵸᶪᶇᴲ ᶉḈḻḟᵫ

ᶆᵬᶝᵸ  G 

 

 

 

github.com/intel/opencl-intercept-layer
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OpenCL ᶹḻḇᴻḃḟḐᴴḴᶹḬᴻᶎ ᵶᵾḮᴻḎᶸḲḎᶸᴻᶆᵡᶩᴲ ᶍ 

OpenCL ᶍ╗ ᶆᶎᶉᵣᵾᶠᴲ ᵮᶍ SYCL ᷈ḻḙᶹḱᴻᶆᶡ ᵶᶝᵸᴳ 

 

SYCL ᶊ ᶍᵡᶪᴲḙḝᶾᴻḦḻḁᴴḏᴻḇᶍ ᶊ ᶫᵾḌᴻḳᵫ

ᶊᶡ ᵡᶩᶝᵸᴳᵲᶫᶨᶎᶿᴻḟḻḅᴻḁ (github.com/intel/pti - gpu ) ᶆ

ᵡᶩᴲ ᶠᶪᶍᶊ ᶃ᷊ḻḟḳᶡ ᵶᶅᵣᶝᵸᴳ 

 

ᶡ ᶍᵡᶪḌᴻḳᶎ ᶍ 2 ᶃᶆ :н 

 

 ɯ onetrace: DPC++ (CPU ᶇ GPU ᶍ ) ᶇ OpenMP 

GPU ᶿḝḵᴻḑᶱ᷊ḥᴻḐᵸ  ᶅOpenCL ᵩᶧᶒḴḡḳḄḵᴴḘḋ

᷄ᶽḻḑ ᶍḣḁḐᵩᶧᶒḏḘᶹḁᴴḐḴᴻḁᴴḌᴻḳ 

 

 ɯ oneprof: DPC++ ᵩᶧᶒ OpenMP GPU ᶿḝḵᴻḑᶱ᷊ḥᴻ

Ḑᵸ  ᶅOpenCL ᵩᶧᶒḴḡḳḄḵᴴḘḋ᷄ᶽḻḑ ᶍ GPU HW 

ḩḐḲḋ᷄ Ḍᴻḳ 

 

ᶈᶀᶨᶍḌᴻḳᶡᴲᶹḻḁḐḳḩḻḐᵴᶫᵾḱḻḇᶹḨᵪᶨᶍ ᶱ ᵸᶪᵾᶠᴲ

GPU ᶇ CPU ᶊ ᵴᶫᶝᵸᴳᵲᶫᶨᶍḱḻḇᶹḨᶱ ᵸᶪ᷈ḻḙᶹḱᴻᶍ 

SYCL IƎSPC ᴲᵩᶧᶒ OpenMP ᷊ḥᴻḐᶎᵸᶘᶅᵲᶫᶨᶍḌᴻḳᶍּג ᶱ ᵰ

ᶝᵸᴳḌᴻḳᶍz ᶼḞ᷊ ᶹḐᶱ ᵶᶅᴲ ᵸᶪ ᶗᶍ ᶱ ᶘᶅᵮᵿᵴᵣᴳ

╗ ᶊᴲᵸᶘᶅᶍḇᴻ᷇ḋḐᴴḟḱḋḐḝᶾᴻḨᵫ᷊ḥᴻḐᵴᶫᶪ ᵫᶉᵣ ᶆ

ᶡᴲ᷊ḥᴻḐᵴᶫᶪḟḱḋḐḝᶾᴻḨᶱ ᵶᶅᴲḌᴻḳᵪᶨḟḵ᷅ḱḨᶊ ᵸᶪ

ᶉ ᶱ ᶪᵲᶇᵫᶆᵬᶝᵸᴳḟḵ᷅ḱḨᶊᶃᵣᶅ ᶲᵿᵲᶇᶍ ᵮᶎᴲᶈᵲᶆ

ᶡ ᶊ ᶀᶝᵸ  G

 

 

ḏᴻḇᶍ ᶇ᷀ᴻḕḳטּ ᶗᶍᶷ᷄ḃḁ 
 

ᵲᵲᶆᶎ SƎYCL ᶍ Ḯᴻ᷾ᴻᶱ ᵴᵺᴲᵼᵶᶅ ᵸᶪ ᶡ╗ ᶉ ( ᵾ

ᶀᶍ ) ᶍḘ᷅ᶊᶃᶉᵫᶪḐḜḋ᷄ᶊᶃᵣᶅ ᵶᵮ ᵶᶝᵸᴳ 

 

 

 

github.com/intel/pti-gpu
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ᶊ ᵧᶏᴲḣḁḐḩḪḲᴻ ᶩ ᶅ ( ᶣḡ᷄Ḑḳᶉᶈ) ᵪᶨḘḋḝᶶᴻᶱ

ᵸᶪᶇᴲḘḋḝᶶᴻᵫ ᵴᶫᶪᶝᶆḣḁḐ ᶩ ᶅᶊ ᶷ᷄ḃḁᵸᶪᵲᶇᵫ

ᶆᵬᶝᵺᶲᴳḘḋḝᶶᴻᶎᴲ ᴲ ᶊ ᵴᶫᵾᵸᶘᶅᶍḣḁḐ ᶩ ᶅ

ᶱ ᵶᶝᵸᴳḘḋḝᶶᴻᵫ ᵶᶅᵣᶪ ᶆᶡḣḁḐ ᶩ ᶅᶊᶷ᷄ḃḁᶆᵬᶪḩ

᷀ḓḂḨᶎᶚᶇᶲᶈᵡᶩᶝᵺ  ɸ( : ḘḋḝᶶᴻᴴḧḭᴻḎḋ᷄ḁ)ᴳᵶᵪᵶᴲᵲᵥᵶᵾ

ᶉ ᶎᴲᵲᵲᶆ ᶘᵾ ᶍḘ᷅ᶍ ᶊᶎ ᶀᶝᵺᶲᴳ 

 

 

ᶡᵫᵲᶍᶽḱᴻᶱ ᵶᶝᵸᴳᵲᶍᶽḱᴻᶱ ᶂᶅᵩᵮᶇᴲ 

ᵣ ᶟᶧᶩᶡ ᵮḏḘḋ᷅ᶆᵬᶝᵸ  G

 

ḣḁḐḩḪḲᴻ ᶩ ᶅᵪᶨḘḋḝᶶᴻᶱ ᵸᶪ ᴲḘḋḝᶶᴻᵫ

ᵴᶫᶪᶝᶆḣḁḐ ᶩ ᶅᶊ ᶷ᷄ḃḁᵶᶅᶎᶉᶩᶝᵺᶲᴳḘḋḝᶶᴻᵫ

ᶆᵡᶪ ᶎᴲḘḋḝᶶᴻᵫ ᶩ ᶅᶱ ᵶᶝᵸᴳḘḋḝᶶᴻᶍḁ᷈ᴻ

ḟᶇḁ᷈ᴻḟ ᶍḳᴻḳᶱ ᵶᶝᵶᶦᵥᴳ  

 

 

Ḙḋḝᶶᴻᵫ ᶩ ᶅᶱ ᵶᶅᵣᶪ ᶊᴲḣḁḐḟḵ᷅ḱḨᵫḣḁḐ ᶩ ᶅᶊ

ᶷ᷄ḃḁᵸᶪᶇᴲ╗ ᶉḘ᷅ᵫ ᵶᶝᵸᴳᵲᶫᵫ ᵸᶪᶇᴲḘḋḝᶶᴻᵫ ᶩ

ᶅᶱּךᶊ ᵶᶅᵣᶪᵪ ᶆᵡᶪᵾᶠᴲ ᶎ סּ ᶊᶉᶩᶝᵸᴳḏᴻḇᵫ

ᵶᵮᶉᵣּס ᶡᵡᶩᶝᵸᴳ ᶱ ᶞ ᶬᵥᶇᵶᶅᵣᶪ᷀ᴻḕḳᵫᶝᵿ ᶱ

ᵶᶅᵣᶉᵣּס ᵫᵡᶩᶝᵸᴳ  3 ᶇ  8 ᶆ ᵶᵾᶧᵥᶊ SƎYCL ᶎ

ḇḁ᷄᷅ḱḝᶍḩ᷀ḓḂḨᶊᶧᶂᶅ ᵴᶫᶅᵣᶝᵸᴳḇḁ᷄᷅ḱḝ ᵪᶨᶍ

ḏᴻḇᶱ ᵸᶪ ᶊᴲ᷅ḱḝᵫ ᵴᶫᴲḣḁḐᶆḏᴻḇᶱ ᶆᵬᶪ᷈ᴻḑ

ᶍ ḥᶹḻḐᶊ ᵶᶅᵣᶪᵲᶇᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳḘḋḝᶶᴻᶍ

ᶇḣḁḐᶷ᷄ḃ᷊ᴻᶍ ᶎᶈᶀᶨᶡᴲᵲᶍ ᶱ╥ᵬ ᵲᵸ ᶆᵸᴳ 

 

 13 -9  ᶎᴲᶧᵮ ᵸᶪ╗ ᶉ᷈ᴻḑḙḇᴻḻᶱ ᵶᶅᵣᶝᵸᴳᵲᵲᶆᶎᴲḘ

ḋḝᶶᴻᵫ ᵴᶫᶅᵣᶪḞḵḋ᷄ḁ᷈ᴻḟᶱ ᵷᶪᵲᶇᶊᶧᶂᶅᴲḘḋḝᶶᴻᵫ

ᵴᶫᶝᵸ ḘGḋḝᶶᴻᶱḁ᷈ᴻḟ ᶊᵶᶅ ᵸᶪᵲᶇᶆᴲḘḋḝᶶᴻᴴ᷈ḻḁḐḱ

᷄ḇᴻᶊ ᵴᶫᵾ ᶍḣḁḐ ᶩ ᶅᶱ ᵷᶅ᷀ᴻḕḳᶍ ↨ᶱוֹ ᶊ ᶞ ᶪᵲ

ᶇᵫᶆᵬᶝᵸ  G
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constexpr  size_t  N = 1024 ;  

  

סּ // ᶉḏḘᶹḁᶆ᷂ḭᴻᶱ   

queue  q;  

 

// ḣḁḐ ᶆ ᵸᶪᵾᶠᶍḣḁḐ᷈ḻḎḒᴻᶱטּ   

std ::vector< int > in_vec (N), out_vec (N);  

 

// ᶇ ḡ᷄Ḑḳᶱ  

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

std :: fill ( out_vec . begin (), out_vec . end (), 0);  

 

// ḓḭᶷḻḁ: Ḙḋḝᶶᴻᶱ ᶊḁ᷈ᴻḟ ᶊᵶᶅ ᶆᵬᶪᶧᵥᶊᴲ  

// ᵶᵣḁ᷈ᴻḟᶱ ᵶᶝᵸ G

{  

 // ḣḁḐ ᶩ ᶅ (ᵲᶍ ᶎ vector) ᶱ ᵶᶅ  

 // Ḙḋḝᶶᴻᶱ  

 buffer  in_buf{in_vec}, out_buf{out_vec};  

 

 // ᷀ᴻḕḳᶱ᷂ḭᴻᶊ   

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

 accessor  in{in_buf, h};  

 accessor  out{out_buf, h};  

 

 h. parallel_for (  

 range {N}, [=]( id <1> idx ) { out [idx] = in [idx]; });  

   });  

 

   // Ḙḋḝᶶᴻᵫ ᶉḁ᷈ᴻḟᶱ ᵷᶝᵸᴳ     

// Ḙḋḝᶶᴻᶍ ᶱ╥ᵬ ᵲᵶᶝᵸ G  

   // Ḙḋḝᶶᴻᶗᶍ᷀ᴻḕḳᶍ ᵬ ᶞᵫ ᵸᶪᶝᶆ ᵶᴲ 

   // ᵬ ᶝᶫᵾḘḋḝᶶᴻᶍḏᴻḇᶱḣḁḐᶍ ᶩ ᶅ  

   // ( ᵲᶍ  std::vectors) ᶊ᷈Ḝᴻᵶᶝᵸ  G     

// ᵲᶍḁ᷈ᴻḟᶍ ᶊᶧᶩḘḋḝᶶᴻᴴḏḁḐḱ᷄ḇᴻᵫ 

   // ᵴᶫᶪᶇᴲ ᶍ in_vec ᶇ out_vec ᶊ   

   // ᶷ᷄ḃḁᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ 
}  

  

 // ᵸᶘᶅᶍ ᵫ ᵴᶫᶪ ᶆᵡᶪᵪ  

 // :  // ḣḁḐ᷈ᴻḑᶆ in_vec ᶇ out_vec ᶱ ᶒ↨ ᶊ ᵸᶪᶊᶎ  Ǝ

 // ḘḋḝᶶᴻᴴḏḁḐḱ᷄ḇᴻᵫ ᵴᶫᶅᵣᶪ ᵫᵡᶩᶝᵸᴳ   

// Ḙḋḝᶶᴻᵫ ᶆᵡᶪ ᶎᵼᶫᶨᶍ ᶩ ᶅᶱ ᵶᶅᵩᶩᴲ   

 // ᵼᶫᶨᶱ ᵸᶪᶍᶎ↨ ᶆᶎᵡᶩᶝᵺᶲ G // ᶉᵮᶇᶡ ᶆᶎᶉᵣ ᵫ ᶝᶫᶝᵸ  G  

// ᵲᶍ᷈ᴻḑᶎ↨ ᵪᶃ ᵶᵣᶡᶍᶆᵸᴳᶉᵻᶉᶨᴲ ᶍḁ᷈ᴻḟᵫ 

 // ᵷᶨᶫᵾᵲᶇᶊᶧᶩᴲḡ᷄Ḑḳᶱ ᵸᶪᵲᶍḥᶹḻḐᶍ ᶊ 

 // ḡ᷄Ḑḳᶱ ᵸᶪᵲᶍḥᶹḻḐᶍ ᶊḘḋḝᶶᴻᵫ ᵴᶫᶅᵣᶪᵪᶨᶆᵸ 

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

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

            << " \ n" ;  

 
 13 - 9.  ╗ ᶉḙḇᴻḻ: ḣḁḐ ᶩ ᶅᵪᶨḘḋḝᶶᴻᶱ  
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 13 -9  ᶍᶧᵥᶊᴲḘḋḝᶶᴻᶱ ᶍḣḁḐḩḪḲᴻᶊ ᵰᶪ ᶎ 2 

ᶃᵡᶩᶝ :н 

 

1.  Ḙḋḝᶶᴻ ᶍḏᴻḇᶍ ᶱטּ ᵶᶝᵸᴳטּ ᵾᶀ (ᶝᵾᶎᶷḟ

Ḳ᷆ᴻ᷿ḯḻᶍ ᶍ ) ᵫᵸᶆᶊ ᵶᵾḣḁḐḩḪḲᴻᵪᶨḘטּ

ḋḝᶶᴻᶱ ᶆᵬᶝᵸ G

2.  }O  Ȣᶆḁ᷈ᴻḟᶱ ᵷᶪᶇᴲḘḋḝᶶᴻᶗᶍ host_accessor  ᶱ

ᵸᶪᶧᶩ ᶊᶉᶩᶝᵸ  G

 

ḣḁḐ ᶩ ᶅᶱ ᵶᶅ᷀ᴻḕḳᵪᶨᶍ ᶱḈḻḟᶝᵾᶎ ᵸᶪ ᴲ

Ḙḋḝᶶᴻ ᶩ ᶅᶱḞḵḋ᷄ḁ᷈ᴻḟ (ᶝᵾᶎᵼᶍ ᶍḁ᷈ᴻḟ) ᶊ ᵶᶅᴲḘ

ḋḝᶶᴻᵫ ᵴᶫᶪḇᶹḧḻ᷅ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ᷀ᴻḕḳ ᶱ

ᵸᶪᵾᶠᴲḣḁḐ ᶩ ᶅᶊᶷ᷄ḃḁᵸᶪ ᶊḘḋḝᶶᴻᵫ ᵴᶫᶅᵣᶪᵲᶇᶱ

ᵸᶪ ᵫᵡᶩᶝᵸᴳ  13 -9  ᶎᴲᵲᶫᵫ ᵶᵮ ᵴᶫᵾᵲᶇᶱ ᵶᶅᵣᶝᵸ

ᵫᴲ  13 - 10  ᶎᴲḘḋḝᶶᴻᵫᶝᵿ ᶆᵡᶪ ᶊ ᵫᶷ᷄ḃḁᵴᶫᶪ╗

ᶉḘ᷅ᶱ ᵶᶅᵣᶝᵸ  G

ḟḵ᷅ḱḦᴻᶎᴲḘḋḝᶶᴻ ᶱ ᵶᶅ᷀ᴻḕḳᵪᶨᴲḣḁḐḩḪḲᴻ

ᶩ ᶅᶊ ḏᴻḇᶱוֹ ᵸᵲᶇᶱ ᶟᵲᶇᵫᵡᶩᶝᵸᴳᵶᵪᵶᴲᶚᶇᶲᶈᶍḟ

ḵ᷅ḱḦ  ᴻ( ᶊ ) ᶊᶎᴲḁ᷈ᴻḟ ᵬᶍḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᵲ

ᶇᶱ ᵶᶝᵸ  G
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constexpr  size_t  N = 1024 ;  

  

סּ // ᶉḏḘᶹḁᶆ᷂ḭᴻᶱ  

queue  q;  

 

// ḣḁḐ ᶆ ᵸᶪᵾᶠᶍḣḁḐ᷈ḻḎḒᴻᶱטּ   

std ::vector< int > in_vec (N), out_vec (N);  

 

// ᶇ ḡ᷄Ḑḳᶱ  

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

std :: fill ( out_vec . begin (), out_vec . end (), 0);  

 

// ḣḁḐ ᶩ ᶅ (ᵲᶍ ᶎ vector) ᶱ ᵶᶅ  

// Ḙḋḝᶶᴻᶱ  

buffer  in_buf{in_vec}, out_buf{out_vec};  

 

// ᷀ᴻḕḳᶱ᷂ḭᴻᶊ   

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

 accessor  in{in_buf, h};  

 accessor  out{out_buf, h};  

 

 h. parallel_for ( range {N},  

  [=]( id <1> idx ) { out [idx] = in [idx]; });  

});  

 

// Ḙ᷅!! ḣḁḐ ᶩ ᶅ out_vec ᶱ ᵶᶅᵣᶝᵸᵫᴲḘḋḝᶶ ᴻ out_buf ᶎ  

// ᶝᵿ ᶆᵡᶩᴲᵼᶍ ᶩ ᶅᶱ ᵶᶅᵣᶝᵸᴳ 

// ᷀ᴻḕḳᶎᶝᵿ ᵴᶫᶅᵣᶉᵣּס ᵫᵡᶩ  Ǝ

// ᷀ᴻḕḳᵫ ᵴᶫᵾᶇᵶᶅᶡḘḋḝᶶᴻᶊᶎ 

// ᶱḣḁḐᶊ᷈Ḝᴻᵶ ᵸ ᵫᶉᵣᵾᶠᴲ  

// ᵩᵼᶨᵮ טּ  (Ḅḵ) ᵫ ᵴᶫᶝᵸ  G  

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

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

           << " \ n" ;  

 
 13 - 10.  ᶧᵮᵡᶪḘ :᷅ Ḙḋḝᶶᴻᶍ ᶊḣḁḐ ᶩ ᶅᵪᶨ ḏᴻḇᶱ

ᶞ  ᶅ

 

ᵲᶍᶧᵥᶉḘ᷅ᶱ ᵸᶪᶊᶎ SƎYCL ᶱ ᵶᵾ C++ ᶆᶎᴲḘḋḝᶶᴻḁ᷈

ᴻḟᶆᶎᶉᵮḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳḣḁḐᶷ᷄ḃ᷊ᴻᶎḣ

ḁḐᵪᶨḘḋḝᶶᴻᶗᶍᶷ᷄ḃḁᶱ ᵶᴲ᷈ḻḁḐḱ᷄ḇᴻᶍ ᵫ ᵸᶪᶇᴲḘ

ḋḝᶶᴻᶗᶍ∙ ᶍ ᵬ  ð(ᵾᶇᵧᶏ hƎost_accessor  ᵫ ᵴᶫᶪ ᶊ

ᵴᶫᵾ᷀ᴻḕḳᵪᶨᶍ ᵬ )ð ᵫ ᵴᶫᴲ סּ ᶊᶉᶪᵲᶇᵫ ᵴᶫᶝ

ᵸ  G 
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ᶆᶎᴲ ᶍḁḇᶹḳ (ᶃᶝᶩᴲḣḁḐᶷ᷄ḃ᷊ᴻᶇᴲḘḋḝᶶᴻᴴ᷈ḻḁḐḱ᷄ḇ

ᴻᶊ ᵴᶫᶪḣḁḐ ᶩ ᶅ) ᶱ ᶞ ᶮᵺᶅ ᵶᴲ ᶍḁḇᶹḳᶱ ᶆᵬ

ᶪᶧᵥᶊᵶᶝᵸᴳḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵸᶪᶇᴲ ᶊᶽḱᴻᵫ ᵸᶪּס

ᵫ ᵮᶉᶩᶝᵸᴳ  13 -11  ᶎᴲḘḋḝᶶᴻᶱ ᵸᶪᵲᶇᶉᵮᴲḣḁḐʊ ᷄ḃ᷊

ᴻᶱ ᵶᶅ᷀ᴻḕḳᵪᶨ ᶱ ᶞ ᶪ ᶱ ᵶᶅᵣᶝᵸᴳ 

 
constexpr  size_t  N = 1024 ;  

 

סּ // ᶉḏḘᶹḁᶆ᷂ḭᴻᶱ   

queue  q;  

 

// ḣḁḐ ᶆ ᵸᶪᵾᶠᶍḣḁḐ᷈ḻḎḒᴻᶱטּ   

std ::vector< int > in_vec (N), out_vec (N);  

 

// ᶇ ḡ᷄Ḑḳᶱ  

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

std :: fill ( out_vec . begin (), out_vec . end (), 0);  

 

// ḣḁḐ ᶩ ᶅ (ᵲᶍ ᶎ vector) ᶱ ᵶᶅ  

// Ḙḋḝᶶᴻᶱ  

buffer  in_buf{in_vec}, out_buf{out_vec};  

 

// ᷀ᴻḕḳᶱ᷂ḭᴻᶊ   

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

   accessor  in{in_buf, h};  

   accessor  out{out_buf, h};  

 

   h. parallel_for ( range {N},  

    [=]( id <1> idx ) { out [idx] = in [idx]; });  

});  

 

// ᵸᶘᶅᶍ ᵫ ᵴᶫᶪ ᶆᵡᶪᵪ  

// ḣḁḐᶷ᷄ḃ᷊ᴻᶱ ! Ḙḋḝᶶᴻᶎᶝᵿḁ᷈ᴻḟ ᶊᵡ /ɭ   

host_accessor  A{out_buf};  

 

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

 std ::cout << "A["  << i << "]="  << A[i] << " \ n" ;  

 
 13 - 11.  : ḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵶᶅ᷀ᴻḕḳᶍ ᶱוֹ ᶞ  ᶅ
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ḣḁḐᶷ᷄ḃ᷊ᴻᶎᴲḘḋḝᶶᴻᵫ ᶆᵡᶪᶇᵬᶎᵣᶃᶆᶡ ᶆᵬᶝᵸᴳᵾᶇ

ᵧᶏᴲḘḋḝᶶᴻᶍ ᶍ ᶆᴲḘḋḝᶶᴻᶍ ᶍ ᶣ᷀ᴻḕḳᵪᶨטּ

ᶍ ᶍוֹ ᶞ ᶩᶊ ᶆᵬᶝᵸᴳ  13 -12  ᶊᵲᶍḙḇᴻḻᶍ ᶱ ᵶᶝᵸ G

 
constexpr  size_t  N = 1024 ;  

 

סּ // ᶉḏḘᶹḁᶆ᷂ḭᴻᶱ   

queue  q;  

 

// ᷊ᶹḂ N ᶍḘḋḝᶶᴻᶱ   

buffer <int > in_buf{N}, out_buf{N};  

 

// ḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵶᶅḏᴻḇᶱ  טּ

{   // ᷄ḲḎᶸ᷀ḳ: host_accessor ᶍ ᶍḁ᷈ᴻḟᶍ ᶝ  ɭ  

host_accessor  in_acc{in_buf}, out_acc{out_buf};  

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

   in_acc [i] = i;  

   out_acc [i] = 0;  

  }  

}   // ᷄ḲḎᶸ᷀ḳ: ḁ᷈ᴻḟᶱ ᵷᶅᴲḣḁḐ ᶷ᷄ḃ᷊ᴻ  ɵ

// ḁ᷈ᴻḟ ᶊᵶᶝᵸ  G

 

// ᷀ᴻḕḳᶱ᷂ḭᴻᶊ   

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

 accessor  in{in_buf, h};  

 accessor  out{out_buf, h};  

 

 h. parallel_for ( range {N},  

  [=]( id <1> idx ) { out [idx] = in [idx]; });  

});  

 

// ᵸᶘᶅᶍ ᵫ ᵴᶫᶪ ᶆᵡᶪᵪ  

// ḣḁḐᶷ᷄ḃ᷊ᴻᶱ ! Ḙḋḝᶶᴻᶎᶝᵿḁ᷈ᴻḟ ᶊᵡ /ɭ   

host_accessor  A{out_buf};  

 

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

 std ::cout << "A["  << i << "]="  << A[i] << " \ n" ;  

 
 13 - 12.  : Ḙḋḝᶶᴻᶍ ᶇטּ ᶍוֹ ᶞ ᶩᶊᶎḣḁḐᶷ᷄ḃ᷊ᴻᶱ  
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ᶊ ᶫᶅᵩᵮᶘᵬᵲᶇᶎᴲḣḁḐᶷ᷄ḃ᷊ᴻᶡ ᶱ ᶃᵾᶠᴲᶷḟḲ᷆

ᴻ᷿ḯḻᶊᵩᵣᶅ ᶍḘ᷅ᶱ╥ᵬ ᵲᵸᵲᶇᵫᵡᶪᵲᶇᶆᵸᴳḘḋḝᶶᴻᶗᶍ 

host_accessor  ᵫ ᶉ ᴲḱḻḇᶹḨᶎᵣᵹᶫᶍḏḘᶹḁᶊᶡḘḋḝᶶᴻᶍ

ᶱ ᵶᶝᵺᶲᴳḱḻḇᶹḨᶎḣḁḐḟḵ᷅ḱḨᶱסּ ᵶᶅᴲḣḁḐᶷ᷄ḃ᷊ᴻᶊᶷ

᷄ḃḁᵸᶪḇᶹḧḻ᷅ᶱ ᵶᶉᵣᵾᶠᴲḣḁḐḟḵ᷅ḱḨᵫḘḋḝᶶᴻᶗᶍᶷ᷄ḃ

ḁᶱ ᵶᵾᵲᶇᶱ ᶪ ╗ᶍ ᶎ hƎost_accessor  ḏḁḐḱ᷄ḇᴻᶱ ᵸ

ᶪᵲᶇᶆᵸᴳ  13 -13  ᶊ ᵸᶧᵥᶊᴲḣḁḐḟḵ᷅ḱḨᵫ᷀ᴻḕḳᶍ ᶱ ᵶ

ᶅᵣᶪ  ( queue::wait()  ᶝᵾᶎ ᶍḣḁḐᶷ᷄ḃ᷊ᴻᶍ ᶉᶈ)ᴲᵩᶧᶒ 

SYCL ḱḻḇᶹḨᵫḘḋḝᶶᴻᶱ ᵸᶪ᷀ᴻḕḳᶍ ᶊ∙ ᶍḣḁḐᶷ᷄ḃ

᷊ᴻᵫ ᵴᶫᶪᶍᶱ ᵶᶅᵣᶪ ᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫḗḻ᷅ᵶᶅᵣᶪᶧᵥ

ᶊ ᵧᶪᵲᶇᵫᵡᶩᶝᵸ G

ḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵸᶪ ᴲ᷀ᴻḕḳᶝᵾᶎ ᶍḣḁḐᶷ᷄ḃ᷊ᴻᶊᶧᶪ

Ḙḋḝᶶᴻᶍ ᶱḵḋ᷄ ᵸᶪ ᵫᶉᵮᶉᶂᵾᶇᵬᶊᴲḣḁḐᶷ᷄ḃ᷊ᴻ

ᵫ ᵴᶫᶪᵲᶇᶱ ᵶᶅᵮᵿᵴᵣ G
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constexpr  size_t  N = 1024 ;  

  

סּ // ᶉḏḘᶹḁᶆ᷂ḭᴻᶱ   

queue  q;  

 

// ḣḁḐ ᶩ ᶅ (ᵲᶍ ᶎ vector) ᶱ ᵶᶅḘḋḝᶶᴻᶱ   

buffer <int > in_buf{N}, out_buf{N};  

 

// ḣḁḐᶷ᷄ḃ᷊ᴻᶱ ᵶᶅḏᴻḇᶱ  טּ
host_accessor  in_acc{in_buf}, out_acc{out_buf};  

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

 in_acc [i] = i;  

 out_acc [i] = 0;  

}  

  

// Ḙ᷅!! ḣḁḐᶷ᷄ḃ᷊  ᴻ in_acc ᵩᶧᶒ out_acc ᶎᶝᵿ ᶆᵸ  G

// ḱḻḇᶹḨᶎḣḁḐᶷ᷄ḃ᷊ᴻ ᶆḘḋḝᶶᴻᶗᶍᶷ᷄ḃḁᵫ ᵶᵾᵲᶇᶱ ᵶᶉᵣᵾᶠᴲ 

// ᵼᶍ ᶍ q.submits ᶎḏḘᶹḁ ᶆ ᵴᶫᶝᵺᶲ  G

// ḣḁḐᵫḘḋḝᶶᶍ ᶱ ᵸᶪᶝᶆḏḘᶹḁ᷀ᴻḕḳᶎ ᶆᵬᶝᵺᶲ  G

//  ᵲᶫᶎᴲḣḁḐᵫ ᶊᶷ᷄ḃḁᶱ ᵶᵾᵾᶠᶆᵸ (᷂ḭᴻᶍ )  G

//  ᵲᶍḟḵ᷅ḱḨᶎḗḻ᷅ᵶᵾᶧᵥᶊ ᵧᶝᵸᵼGᶍ ᶎḏḘḋ᷁ᴻᶱ ᵶᶅᵮᵿᵴᵣ G

 

// ᷀ᴻḕḳᶱ᷂ḭᴻᶊ   

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

 accessor  in{in_buf, h};  

 accessor  out{out_buf, h};  

 

 h. parallel_for ( range {N},  

 [=]( id <1> idx ) { out [idx] = in [idx]; });  

});  

 
std ::cout << "This program will deadlock here!!! Our "  

"host_accessors used \ n"  

<< " for data initialization are still in "  

"scope, so the runtime won't \ n"  

<< " allow our kernel to start executing on "  

"the device (the host could \ n"  

<< " still be initializing the data that is "  

"used by the kernel). The next line \ n"  

<< " of code is acquiring a host accessor for "  

"the output, which will wait for \ n"  

<< " the kernel to run first. Since in_acc "  

"and out_acc have not been \ n"  

<< " destructed, the kernel is not safe for "  

"the runtime to run, and we deadlock. \ n" ;  

 

// ᵸᶘᶅᶍ ᵫ ᵴᶫᶪ ᶆᵡᶪᵪ  

// ḣḁḐᶷ᷄ḃ᷊ᴻᶱ ! Ḙḋḝᶶᴻᶎᶝᵿḁ᷈ᴻḟ ᶊᵡ /ɭ   

host_accessor  A{out_buf};  

 

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

 std ::cout << "A["  << i << "]="  << A[i] << " \ n" ;  

 
 13 - 13.  ᶉ host_accessor ᶊᶧᶪḏḋḑḵḋ  ᷄(Ḙ᷅ -  ḗḻ᷅ᶷḋḟ )̈  
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ᶍ ∞ 
 

│ᶉᶪ ∞ᶆ ᵴᶫᶪ᷀ᴻḕḳ ᶍ ᶱ ᶒ ᵸ ᴲᵼᶫᶨᶍ ᶊ

ᶎ SYCL_EXTERNAL ḱḡḳᵫ ᶆᵸ  G 

ᵲᶍ ᵫᶉᵣ ᴲ᷈ḻḙᶹḱᴻᶎḏḘᶹḁ᷈ᴻḑ ᶆ ᵸᶪ ᶍᶞᶱ᷈ḻ

ḙᶹḳᵶᶝ  н(ḏḘᶹḁ᷈ᴻḑ ᵪᶨᵼᶍ ᶱ ᶒ ᵸᵲᶇᶎ┴ ᶊᶉᶩᶝ

)н  G

 

SYCL_EXTERNAL ᶊᶎᴲ ᵷ ∞ ᶆ ᶱ ᵸᶪ ᶊᶎ ᵴ

ᶫᶉᵣ ᶍ ᵫᵡᶩᶝ :н 

 

 ɯ SYCL_EXTERNAL ᶎ ᶆᶍᶞ ᶆᵬᶝᵸ  G

 

 ɯ SYCL_EXTERNAL ᶆᶎᴲ ᶍḥᶹḻḇᴻᶱḙḱḩᴻḇᴻᶝᵾ

ᶎ ᶩ ᶍ ᶇᵶᶅ ᶆᵬᶝᵺᶲᴳ ᶮᶩᶊ ᶉḥᶹḻḇᴻ

᷄ḱḁᶱ ᵶᶝᵸ G

 

 ɯ SYCL_EXTERNAL ᶎ parallel_for_work_item  ḩḅḋḑ

ᶱ ᶒ ᵸᵲᶇᵫᶆᵬᶝᵺᶲ  G

 

 ɯ SYCL_EXTERNAL ᶎ pƎarallel_for_work_group  ḁ᷈

ᴻḟ ᵪᶨ ᶒ ᵸᵲᶇᶎᶆᵬᶝᵺᶲ G

 

ᵷ ∞ ᶊᶉᵮ SƎYCL_EXTERNAL ᶆ ᵴᶫᶅᵣᶉᵣ ᶱ ᶒ ᵸ

᷀ᴻḕḳᶱ᷈ḻḙᶹḳᵸᶪᶇᴲ ᶍᶧᵥᶉ᷈ḻḙᶹḳᶽḱᴻᵫ ᵸᶪּס ᵫᵡᶩ

ᶝᵸ  G

 
error: SYCL kernel cannot call an undefined function without 

SYCL_EXTERNAL attribute  

 

ᵫ SYCL_EXTERNAL ᶉᵶᶆ᷈ḻḙᶹḳᵴᶫᶅᵣᶪ ᴲ ᶍᶧᵥ

ᶉḲḻ᷄ᶝᵾᶎ ᶽḱᴻᵫ ᵸᶪּס ᵫᵡᶩᶝᵸᴳ 

 
terminate called after throwing an instance of '...compile_ 

program_error'...  

error: undefined reference to ...  
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SYCL ᶆᶎᴲ᷈ḻḙᶹḱᴻᵫ SYCL_EXTERNAL ᶱ᷊ḥᴻḐᵸᶪ ᶎᵡᶩᶝᵺ

ᶲᴳᵲᶫᶎ ᶿḟ᷿ḯḻᶍ ᶆᵸ DGPC++ ᶎ SYCL_EXTERNAL ᶱ᷊ḥᴻḐ

ᵶᶝᵸ  G

 

ᶍ ∞ᶍḙḝᶾᴻḦḻḁᶗᶍ☼  

 

᷈ḻḙᶹḳḪḏḳ (ᵲᶍ ᶍ ᶱ ) ᶍ≥ ᶎᴲḏḘᶹḁ᷈ᴻḑᶱ ᶍ

∞ᶊ ᵸᶪᶇᴲḏḘᶹḁ᷈ᴻḑᵫ ᵷ ᶊ ᵴᶫᶅᵣᶪ ᶧᶩᶡᴲḀḫḁ

ḐᶹḻḇᶹḨᴴ᷈ḻḙᶹḳᶍ ᶒ ᵶᵫ ᶊ ᵸᶪּס ᵫᵡᶪᵲᶇᶆᵸᴳᵲᶫ

ᶎ ᶊ ᵬᵮ∟ ᵶᶅᵩᶩᴲ ᵫ ᵸᶪᶊᶃᶫᶅ ᶍ ᶇᶇᶡᶊ ᶮᶪּס

ᵫᵡᶩᶝᵸ  G

 

ᵲᶍᶧᵥᶉḙḝᶾᴻḦḻḁᶗᶍ☼ ᶎᴲ ᶍᶚᶇᶲᶈᶆᶎ ᶆᵬᶪᶚᶈ

ᵴᵣᶡᶍᶆᵸᵫᴲ᷈ᴻḑᶍḙḝᶾᴻḦḻḁᶱ ᵸᶪᵾᶠטּ ᶱ ᵥ ᴲ

ᵲᶫᶨᶍ☼ ᶱ ᵸᶪᶆᵬᶪᵲᶇᵫ 2 ᶃᵡᶩᶝ :н  

 

(1)  ḏḘᶹḁ᷈ᴻḑᶱ ᵷ ∞ᶊᶝᶇᶠᴲ 

(2)  ᷈ḻḙᶹḳᵶᶅḀḫḁḐᶹḻḇᶹḨᴴ᷈ḻḙᶹḳᶍ☼ ᶱ

ᶊ ᵶᶝᵸ  G

 

ᵲᶫᶨᶎ ᶇᶡ ᶍ ᶱ ᶇᵸᶪᵾᶠᴲ ᵫ ᵶᴲᶷḟḲ᷆ᴻ᷿

ḯḻᶍḙḝᶾᴻḦḻḁᶱ ᶊ╥ᵬ ᵼᵥᶇᵸᶪ ᶊᶍᶞᵲᶫᶱ ᵣᶝᵸᴳᵲ

ᶍ ᶉḉḭᴻḓḻ᷅ᶊ ᶪ ᴲ ᶱḎḁḐᵶᶅᴲ ᵸᶪ SYCL ᶗᶍ☼

ᶱ ᵸᶪּל ᵫᵡᶩᶝᵸ  G

 

 

ḱḨḈ ᶊ ᵫ ᶉ   
 

SYCL ᶆᶎᴲḌᴻḳᵫ ᶇᵸᶪ ᶣᴲḏḘḋ᷅  (Ḯᴻ᷾ᴻ ᶍ ᶱ

ᶊᵸᶪᶉᶈ) ᶊ ᵧᶅᴲḱḨḈ ᶊ ᶱ ᶩ ᶅᶪᵲᶇᵫᶆᵬᶝᵸᴳSYCL 

2020 ᶆᶎᴲḱḨḈᶍ ᶎᶿḟ᷿ḯḻᶆᵸᴳ ᶍᶚᶇᶲᶈᶆᶎᴲSYCL ᶱ

ᵸ  ᶅC++ ᶆᶎᴲ᷀ᴻḕḳᶊ ḱḨḈᶱ ᵸᶪᵾᶠ ᶎ ᵡᶩᶝᵺᶲ 

(  10 ᶍḱḨḈᶍ ᶆ ᵶᵾ᷈ḻḙᶹḳᶿḟ᷿ḯḻᶍ ᵰ ᵶᶱ ᵮ)  G 

 

᷈ᴻḑḡᴻḁ ᶆ ḡḻḈᴻᶍ SYCL Ḍᴻḳᶱ ᵴᵺᶪᶧᵥᶉ ᶉḓ

ᴻḂᵫᵡᶪ ᴲḌᴻḳᶆḱḨḈᶊ ᶱ ᵰᶪ ᵫ ᵷᶝᵸᴳ ᶎᴲḱḨḈ

ᵫ ᵴᶫ  ᶅSYCL ᶷ᷿᷄ḯḻ  ( : parallel_for ) ᶊ <class 



 

 

 

 

uniquename>  ᶊᶧᶂᶅ ᶮᶫᶝᵸᴳᵲᶍ ᶊᶧᶩᴲ ḡḻḈᴻᶍḌᴻḳᵫ

╗ᶍ᷈ḻḙᶹḳ ᶆ ᵴᶫᶅᵣᶅᶡ ᶆᵬᶪᶧᵥᶊᶉᶩᴲḏḘḋ᷅Ḍᴻḳ

ᶇḴᶹḬᴻ ᶆ ᵶᵾ᷀ᴻḕḳ ᶱ ᶆᵬᶝᵸᴳ  

 

᷀ᴻḕḳ᷄ᶽḲᴻᶱ ᵸᶪ ᶎᴲ᷀ᴻḕḳᶊ ᶱ ᵰᶪ ᶡᵡᶩᶝᵸᴳ

SYCL ≠╢ ᶎ SƎYCL 2020 ᶆᵲᶍ ᶊ ᵸᶪ ᶱ ᶃᵰᶪ

ᵲᶇᵫᶆᵬᶝᵺᶲᶆᵶᵾᴳᵾᶇᵧᶏᴲ᷀ᴻḕḳᶍ 

preferred_work_group_size_multiple  ᶱ ᵸᶪᶊᶎ kƎernel  ᷄ḱḁ

ᶍ get_info()  ḩḻḘᴻ ᶱ ᶒ ᵸ ᵫᵡᶩᶝᵸᵫᴲᵲᶍ ᶊᶎ 

kernel  ᷄ḱḁᶍᶹḻḁḇḻḁᵫ ᶆᵡᶩᴲ ᶊ ᵸᶪ 

kernel_bundle  ᵪᶨ᷀ᴻḕḳᶗᶍḗḻḑḳᶱ ᵸᶪᵾᶠᶊ᷀ᴻḕḳᶍ  

(ᵩᶧᶒ kernel_id ) ᵫ ᶊᶉᶩᶝᵸ  G 

 

 

ᶝᶇ  f
 

ᶍḥḜḭḱᴻ᷀ḳḉḫᴻᶆᶎᴲḚḻḐᶎḱᶹḝḗḋ ᶇ᷄ ᶏᶫᶪᵲᶇᵫᵡᶩᶝ

ᵸᴳ ᶉᵫᶨᴲḟḵ᷅ḱḧḻ᷅ ᶆᶎḗḋ᷄ᶊטּ ᶉ≥ ᵫᵡᶪᵾᶠᴲ

ᶎᵲᶍ  ɵ SPYCL ḗḋ᷄  Rᶇ ᵰᶪᵲᶇᶱ ᵧᶝᵶᵾᴳ┴ᵣᶉᵮᴲᵲᶍ ᶆᶎᴲ

SYCL ᶆ C++ ᶱ ᵸᶪ ᶉḚḻḐᶍᶚᶲᶍ╗ ᶱ ᵶᵾᶊ ᵭᶝᵺ

ᶲ SGYCL ᶱ ᵶᶅ C++ ᶱ ᶊ ᵸᶪ ᶱ ᶊ ᶕᵲᶇᶆᴲᵴᶨᶊ

ᵮᶍḚḻḐᶱ ᵾᶀ ╢ᶆ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ  

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

  



 

 

 

 

 14  ╗ ᶉ ḙḇᴻḻ 
 

 

ᵾᶀᵫḟḵ᷅ḱḦᴻᶇᵶᶅ ᶍḙḝᶾᴻḦḻḁᶱ ᶆᵬᶪᶇᵬᴲ ᵾᶀᶎ

ḷᴻ᷄ᶍḙḇᴻḻᶱ ᵶᴲ ᶍ ᶇᶉᶪ ᶍᵡᶪ ᶱ ᵣᶝᵸᴳ

ḟḵ᷅ḱḧḻ᷅ᶡᶝᵾ ᶆᵡᶩᴲᵲᶍ ᶆ ᶆᵡᶪᵲᶇᵫ ᵴᶫᶅᵣ

ᶪḙḇᴻḻᶱ ᵶᶉᵣᶍᶎ ᵬᶉ ᶀᶆᵸᴳḛḋ᷅ḏᴻḇᴴᶷḟḲ᷆ᴻ᷿ḯḻᶊ

ᵴᶫ  ᶅMapReduce ḝḴᴻḨḷᴻ᷄ᶱ ᵧᶅᶞᶝᵶᶦᵥᴳᵼᶍ ᶎᴲ ᶊᴲ

ḦḋḟᶇḲḏḭᴻḁᶇᵣ  v2 ᶃᶍ᷿ḻḟḳᶆᵡᶩᶉᵫᶨ וֹ ᶉ ḙḇᴻḻᶊ

ᶄᵣᶅᵣᶝᵸ  G

 

ḟḵ᷅ḱḧḻ᷅ᶊᶎᴲ ᵸᶪḟḵ᷅ḱḧḻ᷅ ᶊ ᶉᵮᴲּך ᶡ

ᵸᶪ ḙḇᴻḻᵫᵡᶩᶝᵸᴳᵲᶫᶨᶍḙḇᴻḻᶎ ᵫ ᵮᴲᵡᶨᶥᶪḴḡḳ

ᶍ  (᷊Ḟ᷅ḳᴻḟᴲḷᴻ᷄᷅ḳᴻḟᴲḝḳḏḘᶹḁᶉᶈ)ᴲᵩᶧᶒᵡᶨᶥᶪ

ḏḘᶹḁ (CPU GƎPU FƎPGA ᶉᶈ) ᶆ ᶆᵬᶝᵸᴳᵾᵿᵶᴲḙḇᴻḻᶍ

ᶍ  (ḁ᷆ᴻḱḛḲḎᶸᴻᶉᶈ) ᶎᴲ│ᶉᶪḏḘᶹḁᶗᶍ ᶊ☼ ᵸᶪּס

ᵫᵡᶩᶝᵸ  GᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵶᵣḏḘᶹḁᶊ ᵴᵺᶪᶊᶎᴲ ᶉḙḱ

ḩᴻḇᴻᶱ ᵸᶪᵪᴲḙḇᴻḻᶍ ᶱ ᵸᶪᵿᵰᶆ ᶟᵲᶇᶡᵡᶩᶝᵸᴳ

ᶝᵾᴲᶝᶂᵾᵮ│ᶉᶪḙḇᴻḻᶱ ᵸᶪᵲᶇᶆḙḝᶾᴻḦḻḁᶱ ᶆᵬᶪ

ᶡᵡᶩᶝᵸ  G 

 

ᵲᶫᶨᶍ╗ ᶉ ḙḇᴻḻᶱᶈᶍᶧᵥᶊᴲᵣᶃᴲᶈᵲᶆ ᵸᶪᵪ ᶱ

ᶠᶪᵲᶇᶎ SƎYCL ( ᵩᶧᶒ╗ ᶉ ḟḵ᷅ḱḧḻ )᷅ ᶍ ᶱ ᵴ

ᵺᶪ ᶆ ᶉᵲᶇᶆᵸ  G 

 

 

 

 

 

 

 

 

 

 

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_14  

 

https://doi.org/10.1007/978-1-4842-9691-2_14
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ᶊ ḟḵ᷅ḱḧḻ᷅ᶍ ᵫᵡᶪ ᶊᶇᶂᶅᴲᵲᶫᶨᶍḙḇᴻḻᵫ 

SYCL ᶆᶈᶍᶧᵥᶊ ᵴᶫᶪᵪ ᵸᶪᵲᶇᶎᴲ ᶊᵸᵯᶊ ᶫᶪᵾᶠ

ᶍ ᶇᶉᶩᶝᵸ  G

 

ᵲᶍ ᶆᶎᴲ ᶍ ᶊ ᵸᶪ ᶱ ᵶᶝ :н 

 

 ɯ ᵸᶘᵬ╗ ᶉḙḇᴻḻᶊᶎᶈᶍᶧᵥᶉᶡᶍᵫᵡᶪ ?χ  

 

 ɯ ḙḇᴻḻᶎ ḏḘᶹḁᶍ ᶇᶈᶍᶧᵥᶊ ᵶᶅᵣᶪ?χ  

 

 ɯ SYCL ᵩᶧᶒḱᶹḞḱḲᴻᶇᵶᶅᵸᶆᶊ ᵴᶫᶅᵣᶪḙḇᴻḻ

ᶎ?  

 

 ɯ ḈᶹḴ᷄Ḑᴴḟḵ᷅ḱḧḻ᷅ᶱ ᵶᶅḙḇᴻḻᶱᶈᶍᶧᵥᶊ ᵸᶪ

ᵪ?  

 

 

ḙḇᴻḻᶱ ᵸ  ᶅ
 

ᵲᵲᶆ ᵸᶪḙḇᴻḻᶎMƎcCool ᶨᶊᶧᶪ  Sᴂtructured Parallel 

Programming ( טּ ḟḵ᷅ḱḧḻ )᷅  bᶆ ᵴᶫᶅᵣᶪ ḙḇᴻḻ

ᶍ᷊ḞḃḋḐᶆᵸᴳᵲᵲᶆᶎᴲ ᶍḇᶹḟ (ḝᶾᴻ᷄Ḁḯᶹḻᴲ ᶉᶈ) 

ᶊ ᵸᶪḙḇᴻḻᶊᶃᵣᶅᶎ ᶩ ᵱᶝᵺᶲᵫᴲḏᴻḇ ᷀ᴻḕḳᶍ ᶊ

ᶃᵣᵮᶃᵪᶍᶷḳ᷉ḲḂḨᴴḙḇᴻḻᶊ ᵶᶝᵸᴳ 

 

ᵾᶀᶎᴲᵲᶍ ḙḇᴻḻᶍ᷊ḞḃḋḐᶱ ᵸᶪᵲᶇᵫᴲ ᶉ SYCL ḟ

ḵ᷅ḱḦᴻᶊᶉᶪᵾᶠᶊ ᶆᵡᶪᶇ ᵷᶅᵣᶝᵸ  G14 -1 ᶍ ᶎᴲ ḙḇ

ᴻḻᶍ ᶱ ᵶᶅᵣᶝᵸᴳ ᶉ ᴲ ᶉ ᴲ ᵫᵴᶝᵵᶝᶉḗᴻḑᶻ

ᶼᶷᴴḏḘᶹḁᶊ ᵧᶪ ᶍ☼ ᶉᶈᶱ ᵶᶅᵣᶝᵸᴳ 
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ḙḇᴻḻ  ᶉ  ḏḘᶹḁᴴᶷḝᶸḓḎ

ᶸ  ᴻ
Ḧḋḟ ᶉ ᷀ᴻḕḳ ḏᴻḇ∟ ᵫᶉᵮᴲ

ᵣḁ᷆ᴻḱḛḲḎᶸ  ᴻ

ᵸᶘᶅ 

ḁḎḻ᷿ḳ ּטᵴᶫᵾḏᴻḇᶍ

∟  

ḏᴻḇᶍ∟ ᶇḏ

ᴻḇᶍ  

ḁḎḻ᷿ḳᶍ᷊ᶹḂᶊ

∟  

ḲḈ᷿᷄ḯḻ ᶉ ᶱוֹ  ḏᴻḇ∟  ᵸᶘᶅ 

ḁ᷂ḫḻ 

ḙḋ /᷄ᶷḻḙḋ  ᷄

ḏᴻḇᶍḝᶸḳḇᴻ

ᶇ  

ḁ᷆ᴻḱḛḲḎᶸᴻᶍ

 

᷊ᶹḂᶊ∟  

 
 14 - 1.  ḙḇᴻḻᶇḏḘᶹḁḇᶹḟᶍ  

 

Ḧḋḟ 

 

Ḧḋḟḙḇᴻḻᶎ ᶡ ᶉ ḙḇᴻḻᶆᵡᶩᴲ ḟḵ᷅ḱḧḻ᷅ ᶍ

ᵫᵡᶪ ᶊᶎ ᶞᶍᵡᶪᶡᶍᶆᵸ  G  14 -2  ᶊ ᵸᶧᵥᶊᴲ ∫ᶍ

ᶎᴲּךᶨᵪᶍ ᶱ ᵸᶪᵲᶇᶆ ᶊ ᶊḦḋḜḻ᷅ᵴᶫᶝᵸᴳ

ᵮᶍḏᴻḇ ᶎᴲḦḋḟḙḇᴻḻᶍᶹḻḁḇḻḁᶇᵶᶅ ᶆᵬᶝᵸ (ḡ

᷄Ḑḳּנ ᶉᶈ)  G
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ᵸᶘᶅᶍ ᶷḟḲ᷆ᴻ᷿ḯḻᶎ ᶊ ᵶᶅᵣᶪᵾᶠᴲ map ᶍ ᵮᶎ

ᶆᴲ ᵶᵣ ᶍ ᶱ᷈ḻḙᶹḱᴻᶣḱḻḇᶹḨᶊ ᵺᶝᵸᴳḦḋḟḙḇᴻ

ḻ ᵰᶊ ᵴᶫᵾ᷀ᴻḕḳᶎᵡᶨᶥᶪḏḘᶹḁᶊ ᵶᴲᵼᶫᶨᶍ᷀ᴻḕḳᶍ

ḙḝᶾᴻḦḻḁᶎ סּ ᶉḗᴻḑᶻᶼᶷ ᶊꞌᵷᶅḁ᷆ᴻḳᵸᶪᵲᶇ

ᵫ ᵴᶫᶝᵸ  G

 

ᵾᵿᵶᴲᶷḟḲ᷆ᴻ᷿ḯḻ ᶱ╗ ᶍḦḋḟ᷀ᴻḕḳᶇᵶᶅ ᵬ ᵸ ᶊᴲ

ᶊ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶍᶧᵥᶉ ᶷḟḵᴻḉᶎ ᶊ ᶆᴲᶷḟ

Ḳ᷆ᴻ᷿ḯḻᵫ ḏḘᶹḁᶗ┌ סּ ᶆᵡᶪᵲᶇᶱ ᵶᶝᵸᵫᴲḙḝᶾᴻḦḻ

ḁᶱ ᶊ ᵴᵺᶪּס ᶍᵡᶪ ḏᴻḇ) טּ ᶍ ᴲ᷀ᴻḕḳᶍ

ᶉᶈ) ᶱ  ( ) ᵸᶪᵲᶇᶱ ᵶᶝᵸ G

 

ḁḎḻ᷿ḳ 

 

ḁḎḻ᷿ḳḙḇᴻḻᶎḦḋḟḙḇᴻḻᶇ ᶉ ᵫᵡᶩᶝᵸ  G14 -3  ᶊ ᵸ

ᶧᵥᶊᴲ ᶎ ᶇᴲḁḎḻ᷿ḳᶆ ᵴᶫᵾ ᵸᶪ╗ ᶍ ᶊ ᵴᶫᴲ

╗ᶍ ᵫ ᵴᶫᶝᵸᴳḁḎḻ᷿ḳḙḇᴻḻᶎᴲּש/ ᶷḟḲ᷆ᴻ᷿ḯḻ 

( : ᷈ᴻḑ) ᶣ᷈ḻḜḭᴻḇᴻᴴḛḀḯḻ/Ḧ᷿ḻᴴḱᴻḓḻ᷅ᴴᶷḟḲ᷆ᴻ

᷿ḯḻ ( : ᶹḩᴻḀᶍ ᶞ )ð ᶉᶈᴲ ᵮᶍ ᶆ ᵴᶫᶝᵸ G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

353  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 14 - 3.  ḁḎḻ᷿ḳḙḇᴻḻ 

 

ḁḎḻ᷿ḳḙḇᴻḻᶱᶷᶻḐᶿḞḟḴᴻḁᶆ ᵸᶪᶇ (ᶃᶝᶩᴲ ᶱ ᶍḁ

ḐḴᴻḀᶊ ᵬ ᶟᶇ)ᴲ ᶎᵸᶘᶅᶍ ᶊ ᶊ ᶆᵬᶝᵸᴳ ᶍ

ḁḎḻ᷿ḳᶍḁ᷆Ḁḭᴻḳ ᶎᴲᵲᶫᶧᶩᶡ ᶆᵸᴳ ᵸᶪ ᶱ ᵸᶪ

ᶊᶎ ᵷḏᴻḇᵫ ᶆᵡᶩᴲᵼᶍḏᴻḇᶱḩḪḲᴻᵪᶨ ḵᴻḑᵸᶪᶇḙḝ

ᶾᴻḦḻḁᵫ ᵶᶝᵸᴳᶝᵾᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍḩḪḲᴻᴴḝḋḐḟḲḻḐᶱזּ

ᵸᶪᵾᶠᴲḁḎḻ᷿ḳᶱᶹḻḟḴᴻḁᶆ ᵸᶪ (ᶃᶝᶩᴲ ᶍ ᶱ ᵬᵸ

ᶪ) ᶡᵡᶩᶝᵸ  G 

 

ᵶᵾᵫᶂᶅᴲᵴᶝᵵᶝᶉḏḘᶹḁᶊ ᵸᶪḁḎḻ᷿ḳ᷀ᴻḕḳᶍ ᶎᴲḁḎ

ḻ᷿ḳᶍ ᶇ ᵸᶪ ᶊ ᵬᵮ∟ ᵶᶝᵸᴳ╗ ᶊ ᶍᵲᶇᵫ ᵧᶝᵸ: 

 

 ɯ ᵴᶉḁḎḻ᷿ḳᶎ GƎPU ᶍḁ᷄ḱḋḉḙḋḑᴴḁḐḴᴻḀᶍּג ᶱ

ᶨᶫᶝᵸ  G

 ɯ ᵬᶉḁḎḻ᷿ḳᶎ CƎPU ᶍ ( ) ᵬᶉ᷂ḫḋ᷿ḭᶍּג ᶱ

ᶨᶫᶝᵸ  G

 ɯ ᵴᶉ ᶆ ᵸᶪ ᵴᶉḁḎḻ᷿ḳᶎFƎPGA ᶍ᷿ḁḐḲḋ

᷄ᴴᶷḴᶹᶇᵶᶅ ᵸᶪᵲᶇᶆᴲ ᶉḙḝᶾᴻḦḻḁ ᶱ

ᶆᵬᶝᵸ  G

 

ḁḎḻ᷿ḳᶎ ᵸᶪᶍᶎ ᶆᵸᵫᴲ ᵮ ᵸᶪᶍᶎ ᶉᵾᶠᴲ
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ᵮᶍḁḎḻ᷿ḳᴴᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎḑḩᶹḻ  (DSL) ᵫ ᵴᶫᶝᵸᴳ

C++ ᶍḎḻḟḴᴻḐᴴḩḇḟḵ᷅ḱḧḻ᷅ ᶱ ᵶᶅᴲ᷈ḻḙᶹḳ ᶊ

ᶉḁḎḻ᷿ḳ᷀ᴻḕḳᶱ ᵸᶪ ᶞ  ðDSL ᶎᵸᶆᶊ ᵶᶝᵸ  G

 

ḲḈ᷿᷄ḯḻ 

 

ḲḈ᷿᷄ḯḻᶇᶎᴲ ᶎ ᶇּס נּ)  ᶉᶈ) ᶍⱳ ᶱ ᵶᶅ

ᶉ ᶱוֹ ᵸᶪ╗ ᶉ ḙḇᴻḻᶆᵸᴳḲḈ᷿᷄ḯḻᶍ ᶡ╗ ᶉ

ᶎᴲ ᶍ  (ḑḋḐ ᶱ ᵸᶪᶉᶈ) ᶣ / ᶍ  ( ᶱ

ᵶᶅ ḁḎḋḟᶍ᷊ᶹḂᶱ ᵸᶪᶉᶈ) ᵫᵡᶩᶝᵸ  G

 

 14 -4  ᶎᴲḌḲᴻᴴḲḈ᷿᷄ḯḻᶊᶧᶂᶅ ᵴᶫᵾḲḈ᷿᷄ḯḻᴴḙḇᴻḻᶱ

ᵶᶅᵣᶝᵸᴳᵲᶫᶎNƎ ᶍ ᶍ ∫ᶊ ᵶᶅ log 2( N)  ᶍ ᶞ ᶮᵺⱳ

ᶱ ᶇᵸᶪ ᶆᵸ ḌGḲᴻᴴḲḈ᷿᷄ḯḻᶎ╗ ᶆᵸᵫᴲ ᶍ ᶡּס

ᶆᵸᴳ╗ ᶊᴲḲḈ᷿᷄ḯḻᶊᶧᶂᶅ ᵫ ᶍ ᶆ ᵴᶫᶪᶇ ᵸᶘᵬᶆ

ᶎᵡᶩᶝᵺᶲ  G 
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 14 - 4.  ḲḈ᷿᷄ḯḻᴴḙḇᴻḻ 

 

ᶍ ᶆᶎᴲ᷀ᴻḕḳᵫ │ ᶊ ᵴᶫᶪᵲᶇᶎᶠᶂᵾᶊᶉᵮᴲᵾᶇטּ

ᵧ ᵴᶫᶪטּ ᶆᶡᴲ ᶱוֹ ᵸᶪᵾ  f(MapReduce ḝḴᴻḨḷᴻ᷄ᶍ

ᶧᵥᶊ) ḲḈ᷿᷄ḯḻᶇ ᶞ ᶮᵺᶨᶫᶪᵲᶇᵫᵡᶩᶝᵸᴳ ᵼᶍᵾᶠᴲḲḈ᷿᷄ḯḻ

ᶎ ᵸᶘᵬ ᶡ ᶉ ḙḇᴻḻᶍ 1 ᶃᶆᵡᶩᴲᶈᶍḏḘᶹḁᶆᶡ ᵮ

ᵴᶫᶪ ᵫᵡᶩᶝᵸ  G

 

ᵴᶝᵵᶝᶉḏḘᶹḁᶊ ᵰᶊḲḈ᷿᷄ḯḻᶱ ᵸᶪᶊᶎᴲ ᶉ ᶍוֹ

ᶊᵪᵪᶪ ᶇᴲᵼᶫᶨᶍ ᶊᵪᵪᶪ ᶍḘḱḻḁᶱ ᶪ ᵫᵡᶩᶝᵸᴳ

ᵫ ᶉᵸᵭᶪᶇ ᵫ ᵮᶉᶩᴲ ᵫ ᵸᵭᶪᶇ ᵫ

ᵮᶉᶩᶝᵸ  G

 

│ᶉᶪḏḘᶹḁᶱ ᶞ ᶮᵺᶅ ᶇ ḁḎḋḟᶱ ᵸᶪᵲᶇᶆᴲ᷿ḁḎ

Ḩ ᶍ ᶱ ᵴᵺᵾᵣᶇ ᵥᵪᶡᵶᶫᶝᵺᶲᵫᴲᵼᶍᶧᵥᶉḉḭᴻḓḻ

᷅ᶆᶎᴲḏḘᶹḁ ᶍḏᴻḇ┌ ᶍ᷈ḁḐᶊ ᶍ ≥ᵫ ᶆᵸᴳ ᶊᶎᴲḏ

ᴻḇᵫ ᵴᶫᶪᶇ ᵷḏḘᶹḁ ᶆ ḲḈ᷿᷄ḯḻᶱ ᵶᶝᵸᵫᴲᶚᶇᶲᶈ

ᶍ ᴲᵼᶫᵫ ᶍᶷḟḵᴻḉᶆᵡᶪᵲᶇᵫᶮᵪᶩᶝᵸᴳ  
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ᶃᶝᶩᴲ ᶍḏḘᶹḁᶱ ᵶᶅḲḈ᷿᷄ḯḻᴴḙḇᴻḻᶍḙḝᶾᴻḦḻḁᶱ

ᵴᵺᶪᶍᶎᴲḇḁ᷄ᶍ ᶆᶎᶉᵮᴲ│ᶉᶪḴḡḳᶍḏᴻḇ ᶊ∟ ᵶ

ᶝ  н( ḏḘᶹḁᵫ ḏᴻḇᶍ╗ ᶊ ᵶᶅḲḈ᷿᷄ḯḻᶱ ᵶᶝᵸ)  G

 

ḁ᷂ḫḻ 

 

ḁ᷂ḫḻḙḇᴻḻᶎᴲ ⱳ ᶊᶧᶂᶅ╗ ᵴᶫᵾטּ ᶱ ᵶᴲ

ᶍ ᶎ ᶉ ᶱוֹ ᵶᶝᵸᴳ  i  ᶍ ᵫ ∫ [0, i ]  ᶍᵸ

ᶘᶅᶍ ᶍ  (ᶃᶝᶩᴲ ᶊ i  ᵫ ᶝᶫ )ᶅ ᶆᵡᶪ ᴲḁ᷂ḫḻᶎ

ᶆᵡᶪᶇ ᶮᶫᶝᵸᴳᶝᵾᴲ  i  ᶍ ᵫ  [0, i )  ᶍᵸᶘᶅ

ᶍ ᶍ  (ᶃᶝᶩ iƎ  ᶱ ᵣᵾ ) ᶆᵡᶪ ᴲḁ᷂ḫḻᶎ ᶆᵡᶪᶇ

ᶮᶫᶝᵸ  G 

 

╗ ᵸᶪᶇᴲḁ᷂ḫḻᶎ ᶊ᷿Ḳᶷḳ ᶆᵡᶪᶧᵥᶊ ᵧᶝᵸᴳᶃᶝᶩᴲ

ᶍ ᶎ ᶍ ᶍ ᶊ∟ ᵶᶝᵸ ḁG᷂ḫḻᶎ ᶍḙḇᴻḻᶧᶩᶡ

ᶍּס ᵫ ᶉᵣ (ᵶᵾᵫᶂᶅḁ᷆ᴻḱḛḲḎᶸᴻᵫ )r ᶍᶎ ᶆᵸᵫᴲ

 14 -5  ᶎᴲ ╗ḏᴻḇᶊ ᵶᶅ ᶍ ᶱ ᵥᵲᶇᶆ ḁ᷂ḫḻᶱ ᶆ

ᵬᶪᵲᶇᶱ ᵶᶅᵣᶝᵸ  G
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 14 - 5.  ḁ᷂ḫḻḙḇᴻḻ 

 

ḁ᷂ḫḻ ᶆᶍ ᶍּס ᶎ ᶨᶫᶅᵣᶪᵾᶠᴲḁ᷂ḫḻᶍ ᶊ

ᶉḏḘᶹḁᶎ ᷊ᶹḂᶊ ᵬᵮ∟ ᵶᶝᵸᴳᶃᶝᶩᴲGPU ᶱ ᵴᵺᶪᶍ

ᶊ ᶉḏᴻḇ ᵫ ᶝᶫᶪᶍᶎ ᵬᶉ ᵿᵰᶆᵡᶪᵾᶠᴲ ᵴᶉ

ᶎ CPU ᶊ ᵶᶅᵣᶝᵸᴳḁ᷂ḫḻᶎḙᶹḟḱᶹḻᶍ ᶊ ᶊ ꞌᵸᶪ

ᵾᶠ FƎPGA ᶣᵼᶍ ᶍ ᶷᴻ᷂Ḏ᷄ḉḫᴻᶆᶎ ᷊ᶹḂᶎᵼᶫᶚᶈ ᶊ

ᶉᶩᶝᵺᶲᴳḲḈ᷿᷄ḯḻᶇ ᶊᴲ ᶎᴲḏᴻḇᶱ ᵶᵾḏḘᶹḁᶆḁ᷂ḫḻ

ᶱ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳ טּ ᶊḁ᷂ḫḻ ᵫᶷḟḲ᷆ᴻ᷿ḯḻᶊ

ᵸᶪᵪ ᵸᶪᵲᶇᶎᴲḁ᷂ḫḻ ᶱ ᶊ ᵸᶪᶧᶩᶡטּ ᵣ ᵫוֹ

ᶨᶫᶝᵸ  G 
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ḙḋ᷄ᶇᶷḻḙḋ  ᷄

 

ḙḋ᷄ḙḇᴻḻᶇᶷḻḙḋ᷄ḙḇᴻḻᶎḁ᷂ḫḻᶇ ᶊ ᵶᶅᵩᶩᴲ ᵮᶍ

ᴲḁ᷂ḫḻ ᶍ ᶊ ᵴᶫᶝᵸᴳᵲᵲᶆᵼᶫᶨᶱ ᶊ ᵸᶪᶍᶎᴲ

ᶇᶎ ᶉᵣּס ᶍᵡᶪ╗ ᶉ  (ḲḁḐᶗᶍ ᶉᶈ) ᶱנּ ᵮ

ᶆᵬᶪᵾᶠᶆᵸ  G

 

ḙḋ  ᷄

 

 14 -6  ᶊ ᵸḙḋ᷄ḙḇᴻḻᶎᴲḞᴻḳ ᶊ ᶄᵣᶅ ∫ᶍ ᶱ

ᵶᴲ ᵴᶫᶉᵣ ᶱ ∫ᶍ ᵶᵾ ᶊḙḋ ᵶ᷄ᶝᵸ ᵲGᶍḞᴻḳ

ᶎᴲ ᵴᶫᵾḦḁ᷄ ᶊᵸᶪᵲᶇᶡᴲ ᶊּךᶨᵪᶍ ᶱ

ᵶᶅ ᶊ ᵸᶪᵲᶇᶡᶆᵬᶝᵸ G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 14 - 6.  ḙḋ᷄ḙḇᴻḻ 
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ḁ᷂ḫḻᶇ ᶊᴲḙḋ᷄ ᶊᶡ ᶊ᷿Ḳᶷḳᶉ ᵫᵡᶩᶝᵸᴳḙḋ᷄/

᷈Ḝᴻᵸᶪ ᵫ ᵧᶨᶫᵾ ᴲ ∫ ᶆᶍᵼᶍ∞ ᶱ ᵸᶪᶊᶎᴲ

ᶊḙḋ /᷄᷈Ḝᴻᵴᶫᵾ ᶍ ᶍ ᶱ ᶪ ᵫᵡᶩᶝᵸ Gᵲᶍ ᶎᴲḙ

ḋ᷄ᶱ ᵸᶪḞᴻḳ ᶊ ᵸᶪ ḁ᷂ḫḻᶊ ᵶᶝᵸᴳ 

 

ᶷḻḙḋ  ᷄

 

 14 -7  ᶊ ᵸᶧᵥᶊ (ᶝᵾ ᶆ ᵪᶪᶧᵥᶊ)ᴲᶷḻḙḋ᷄ḙḇᴻḻᶎḙḋ᷄

ḙḇᴻḻᶍ ᶊᶉᶩᶝᵸᴳ ∫ᶍ ᵶᵾ ᶎᴲ ∫ᶍ ᵶᶅᵣᶉ

ᵣ ᶊᶷḻḙḋ ᵴ᷄ᶫᴲ ᶍ ᶎᵼᶍᶝᶝ ᶩᶝᵸᵲGᶍḙḇᴻḻᶍ ᶡ ᵮ

ᵡᶪ ᶎᴲ∙ ᶊḙḋ᷄ᵴᶫᵾḏᴻḇᶱᶷḻḙḋ᷄ᵸᶪᵲᶇᶆᵸᵫᴲ∙ ᶍ

ḏᴻḇᶍᵆוֹ ᵇᶱ ᶠᶪᵾᶠᶊᶡ ᶆᵬᶝᵸᴳ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 14 - 7.  ᶷḻḙḋ᷄ḙḇᴻḻ 
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ḛḳḐᶹḻ ᶇḱᶹḞḱḲᴻᶍ   
 

ᵲᶫᶨᶍḙḇᴻḻᶍ ᵮᶎSƎYCL ᶍḛḳḐᶹḻ  ɥSYCL ᶆ ᵴᶫᵾḡḻ

Ḉᴻ ᶍḱᶹḞḱḲᴻᶱ ᵶᶅ ᶆᵬᶝᵸᴳ ᵲᶫᶨᶍ ᶇḱᶹḞḱ

Ḳᴻᶱ ᵸᶪᵲᶇᶎᴲ ᶍ ḅḝḐᶻᶼᶷ ḟḵḀᶼ᷄ḐᶆḙḝᶾᴻḦ

ḻḁᴲ┌ ᴲ ᶍḘḱḻḁᶱᶇᶪ ᶍ ᶆᵸᴳ 

 

SYCL ḲḈ᷿᷄ḯḻᴴḱᶹḞḱḲᴻ 

 

SYCL ᶎᴲ┌ סּ ᶆ ᶉḲḈ᷿᷄ḯḻᴴ᷀ᴻḕḳᶍ ḱᶹḞḱḲᴻᶱ

ᵫ ᵸᶪ ᶎᶉᵮᴲḲḈ᷿᷄ḯḻᴴḃḦḻḎᶸ᷄ḁᶊᶧᶩ ᶱ ᵸᶪ

ᶉ ᶱטּ ᵶᶝᵸᴳᵲᶍ ᶊᶧᶩᴲḲḈ᷿᷄ḯḻᴴ᷀ᴻḕḳᶍטּ ᵫ

ᵴᶫᴲḲḈ᷿᷄ḯḻᶍטּ ᵫ ᶊᶉᶩᴲ ᶆᶎḏḘᶹḁᴲḏᴻḇ ᴲḲḈ

᷿᷄ḯḻ ᶍᵴᶝᵵᶝᶉ ᶞ ᶮᵺᶊ ᵶᶅ│ᶉᶪḲḈ᷿᷄ḯḻᴴᶷḳ᷉ḲḂḨ

ᶱ ᶆᵬᶝᵸ  G

 

 14 -8  ᶍ᷀ᴻḕḳᶎᴲḲḈ᷿᷄ḯḻᴴḱᶹḞḱḲᴻᶍ ᶱ ᵶᶅᵣᶝᵸᴳ

᷀ᴻḕḳ ᶊᶎḲḈ᷿᷄ḯḻᶊ ᵸᶪ ᶎ╗ ᶝᶫᶅᵣᶉᵣᵲᶇᶊ ≥ᵶ

ᶅᵮᵿᵴᵣᴳ ᵸᶘᵬᶎᴲ᷀ᴻḕḳᵫ sum ᶍᶹḻḁḇḻḁ  ɵplus  ḝᶶḻ

᷄ḇᴻᶱ ᵣᶅ ᵸᶪḲḈ᷿᷄ḯḻᶱ ᶟᵿᵰᶆᵸᴳᵲᶫᶊᶧᶩᴲ ᶆ טּ

ᵴᶫᵾḲḈ᷿᷄ḯḻᴴ᷿ᴻ᷆ḻḁᶱ ᵸᶪᶍᶊ ᶉ ᵫ ᵴᶫᶝᵸᴳ 

 
h. parallel_for (  

range <1>{N}, reduction (sum, plus <>()),  

[=]( id <1> i , auto&  sum) { sum += data [i]; });  

 
 14 - 8.  ḲḈ᷿᷄ḯḻᴴḱᶹḞḱḲᴻᶱ ᵶᶅḏᴻḇ ᷀ᴻḕḳᶇᵶᶅ ᵴᶫᵾ

ḲḈ᷿᷄ḯḻ 
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᷀ᴻḕḳᵫ ᵸᶪᶝᶆᴲḲḈ᷿᷄ḯḻᶍ ᵫוֹ ᶍ ᶊ ᵬ ᵴᶫᶪᵲᶇ

ᶎ ᵴᶫᶝᵺᶲᴳᵲᶍ ᶱ ᵰᶏᴲḲḈ᷿᷄ḯḻᶍ ᶗᶍᶷ᷄ḃḁᶎᴲוֹ

SYCL ᶍ ᶍ ᶗᶍᶷ᷄ḃḁᶇ ᵷᶧᵥᶊ ᵶᶝᵸᴳḘḋḝᶶᴻᶊ ᵴ

ᶫᶅᵣᶪḲḈ᷿᷄ḯḻᶍ ᶊᶷ᷄ḃḁᵸᶪᶊᶎᴲוֹ ᶉḏḘᶹḁᶝᵾᶎḣḁḐᶷ

᷄ḃ᷊ᴻᶱ ᵸᶪ ᵫᵡᶩUƎSM ᶩ ᶅᶊ ᵴᶫᶅᵣᶪḲḈ᷿᷄ḯḻᶍ

ᶊᶷ᷄ḃḁᵸᶪᶊᶎᴲוֹ ᶉ ᶣḩḪḲᴻᶍ┌ ᵫ ᶊᶉᶪ ᵫᵡ

ᶩᶝᵸ  G 

 

SYCL ḲḈ᷿᷄ḯḻᴴḱᶹḞḱḲᴻᵫ ᶍ ᶍḲḈ᷿᷄ḯḻ ᶇ│ᶉᶪטּ

ᶉ ᶎᴲ᷀ᴻḕḳ ᶊḲḈ᷿᷄ḯḻ ᶗᶍᶷ᷄ḃḁᵫ ᵴᶫᶪᵲᶇᶆᵸᴳ

ᶃᶝᶩᴲḲḈ᷿᷄ḯḻ ᶍ ᶱ ᵸᶪᵲᶇᶎᶆᵬᵹᴲ ᵴᶫᵾ

∙ ᶆḲḈ᷿᷄ḯḻ ᶱ ᵸᶪᵲᶇᶎ ᵴᶫᶅᵣᶝᵸᴳᵲᶫᶨᶍ ᶊᶧᶩᴲ

ḏḘḋ᷅ᵫ ᶉᶽḱ  ᴻ( ᶱ ᵸᶪᶇᵬᶊḲḈ᷿᷄ḯḻ ᶊּנ ᵸᶪ

ᶉᶈ) ᶱ ᵭᴲᵴᶝᵵᶝᶉḏḘᶹḁᶆḲḈ᷿᷄ḯḻᶱ ᵮ ᶆᵬᶪᶧᵥᶊᶉ

ᶩᶝᵸ  G 

 

reduction  ᷄ḱḁ 

 

reduction   ᷄ḱḁᶎᴲ᷀ᴻḕḳ ᶊᵡᶪḲḈ᷿᷄ḯḻᶱ ᵸᶪᵾᶠᶊ ᵸ

ᶪᶹḻḇᴻḝᶼᶹḁᶆᵸᴳḲḈ᷿᷄ḯḻᴴᶿḞḀᶼ᷄Ḑᶱ ᵸᶪ ╗ᶍ ᶎᴲ 

14 -9  ᶊ ᵸ ᶍᵣᵹᶫᵪᶱ ᵸᶪᵲᶇᶆᵸᴳḲḈ᷿᷄ḯḻ ᶊᶎ 3 ᶃᶍ

ḝᶶḧḲ  ᴻ(Ḙḋḝᶶᴻ UƎSM ḥᶹḻḇᴻᴲḁḙḻ) ᵫᵡᶩᴲᵼᶫᵽᶫᶊ 2 ᶃᶍ

ᶿᴻḘᴻḵᴻḑ (ID ᵡᶩᶇᶉᵶ) ᵫᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣ G 
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template  <typename  BufferT , typename  BinaryOperation >  

unspecified  reduction ( BufferT  variable , handler&  h,  

  BinaryOperation  combiner ,  

  const  property_list & properties  = {});  

 

template  <typename  BufferT , typename  BinaryOperation >  

unspecified  reduction ( BufferT  variable , handler&  h,  

  const  BufferT :: value_type & identity ,  

  BinaryOperation  combiner ,  

  const  property_list & properties  = {});  

 

template  <typename  T, typename  BinaryOperation > 

unspecified  reduction ( T*  variable , BinaryOperation  combiner ,  

                      const  property_list & roperties  = {});  

 

template  <typename  T, typename  BinaryOperation >  

unspecified  reduction ( T*  variable , const  T& identity ,  

  BinaryOperation  combiner ,  

  const  property_list & properties  = {});  

 

template  <typename  T, typename  Extent ,  

 typename  BinaryOperation > 

unspecified  reduction ( span <T, Extent > variables ,  

BinaryOperation  combiner ,  

const  property_list & properties  = {});  

 

template  <typename  T, typename  Extent ,  

 typename  BinaryOperation > 

unspecified  reduction ( span <T, Extent > variables ,  

  const  T& identity ,  

  BinaryOperation  combiner ,  

  const  property_list & properties  = {});  

 
 14 - 9.  ḲḈ᷿᷄ḯḻ ᶍ ḟḵḐḇᶹḟ 

 

ḲḈ᷿᷄ḯḻᵫḘḋḝᶶᴻᶝᵾᶎ USM ḥᶹḻḇᴻᶱ ᵶᶅ ᵴᶫᶪטּ

ᴲḲḈ᷿᷄ḯḻᶎḁ᷀ḱᴻH ḲḈ᷿᷄ḯḻᶇᶉᶩᴲ ᶍ ᶍᶿḞḀᶼ᷄Ḑᶊ

ᵶᶅ ᵴᶫᶝᵸᴳḲḈ᷿᷄ḯḻᵫḁḙḻᶱ ᵶᶅ ᵴᶫᶪטּ ᴲḲḈ᷄

᷿ḯḻᶎ ḲḈ᷿᷄ḯḻᶊᶉᶩᶝᵸᴳ ḲḈ᷿᷄ḯḻᶍ ᷈ḻḥᴻḕḻḐᶎ

ᵶᶅᵣᶝᵸᴳ᷊ᶹḂ N ᶍ ᶊ ᵶᶅ ᵴᶫᶪ ḲḈ᷿᷄ḯḻᶎᴲ ᵷḏᴻḇ

ᶇⱳ ᶱ ᶃ N ᶍḁ᷀ḱᴻᴴḲḈ᷿᷄ḯḻᶇ ᶆᵡᶪᶇ ᵧᶪᵲᶇᵫᶆ

ᵬᶝᵸ  G
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ᶍ ᶡ ᶉᶿᴻḘᴻḵᴻḑᶊᶧᶩᴲ ḷᴻ᷄ ᵪᶨᶍ ᶱ ᵸᶪ

ḲḈ᷿᷄ḯḻ ᶇⱳ ᶱ ᶆᵬᶝᵸ2G ᶍᶿᴻḘᴻḵᴻḑᴴḃḋḐᶱ

ᵸᶪᶇᴲḲḈ᷿᷄ḯḻⱳ ᶊ ᵰᶨᶫᵾᶿḟ᷿ḯḻᶍ ID  ᶱ ᶆᵬᶝ

ᵸᴳᵲᶫᶎᴲḮᴻ᷾ᴻ ᶍḲḈ᷿᷄ḯḻᶍ ᶆᵡᶩᴲטּ ᶆ ᵶᶝᵸᴳ 

 

ḲḈ᷿᷄ḯḻ ᶍ ᶩ ᶍ ᶎ ᵴᶫᶅᵩᶨᵹᴲreduction  ᷄ḱḁ ᶎ

ᶊ ᶆᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳᵲᶫᶎ C++ ᷄ḱḁᶇᵶᶅᶎ

· ᶮᶂᶅᵣᶪᶧᵥᶊ ᵧᶪᵪᶡᵶᶫᶝᵺᶲᵫᴲ ᶆᶎ│ᶉᶪ᷄ḱḁ (ᶝᵾ

ᶎ ≥ᶍ ᶍḎḻḟḴᴻḐ╥ ᶱ ᶃ ╗ᶍ᷄ḱḁ) ᶱ ᵶᶅᴲ│ᶉᶪḲḈ᷿᷄

ḯḻᴴᶷḳ᷉ḲḂḨᶱ ᶆᵬᶝᵸᴳ SYCL ᶍ ᶍḘᴻḀḯḻᶆᶎᴲ ᶍ

᷈ḻḎ᷂ḁḐᶆ ᶍḲḈ᷿᷄ḯḻᴴᶷḳ᷉ḲḂḨᶱ ᶊ ᶆᵬᶪᶧᵥᶊᵸ

ᶪᵾᶠᴲᵲᶍ ᶱ ᵸᶪּס ᵫᵡᶩᶝ  н(ᵩᵼᶨᵮ property_list  ╥

...)  G 

 

reducer  ᷄ḱḁ 

 

reducer  ᷄ḱḁᶍᶹḻḁḇḻḁᶎᴲḲḈ᷿᷄ḯḻ ᶱ᷀ḟḃḳּטᵶᴲ ᵫ↨

ᶆᶉᵣᶇ ᵸᶪ ᶆᶎᴲḲḈ᷿᷄ḯḻ ᶍ ᶱ ᵸᶪ ᵴᶫᵾᶹḻḇ

ᴻḝᶼᶹḁᶱ ᵶᶝᵸrGeducer  ᷄ḱḁᶍ ᵴᶫᵾטּ ᶱ  14 -10  ᶊ

ᵶᶝᵸ  Greduction  ᷄ḱḁᶇ ᶊ rƎeducer  ᷄ḱḁᶍ ᶉ ᶎ

ᶆᵸᴳḲḏḭᴻ᷊ᴻᶍ ᶎḲḈ᷿᷄ḯḻᶍ ᶊᶧᶂᶅ│ᶉᶩᴲḙḝᶾᴻḦḻḁ

ᶱ ᵸᶪᶊᶎ᷈ḻḙᶹḳטּ ᶊ ᶂᶅᵩᵮᵲᶇᵫ ᶆᵸᴳ ᵾᵿᵶᴲḲḈ᷿᷄ḯ

ḻ ᶱ ᵸᶪ ᶇⱳ ᶎ ᶊ ᵴᶫᶅᵩᶩᴲᵣᵹᶫᶍ SYCL  

ᶆᶡ᷊ḥᴻḐᵴᶫᶪᵲᶇᵫ ᵴᶫᶅᵣᶝᵸ G

 

 

 

 

 

 

 

 

 



 

 

364  

 

 
template  <typename  T, typename  BinaryOperation ,  

 /*  */ > 

class  reducer   {  

 // ᶉ ᶱḴḏḭᴻ᷊ᴻᶍוֹ ᶇ ᶞ ᶮᵺ  ᶅ  

 void  combine ( const  T& partial );  

};  

 

// ᶍⱳ ᶎ ᶍ ⱳ ᶊ ᶆᵬᶝ  н

template  <typename  T> 

auto&  operator+= ( reducer <T, plus ::< T>>&, const  T&);  

 
 14 - 10.  reducer ᷄ḱḁᶍ ᵴᶫᵾטּ  

 

ᶊᶎᴲᵸᶘᶅᶍḲḏḭᴻ᷊ᴻᶎᴲ ᶉ ) וֹ ╗ᶍḷᴻ᷄ ᵪ )ʝ 

ᶇḲḈ᷿᷄ḯḻ ᶍ ᶱ ᵸ  ᶅcombine()  ᶱ ᵶᶝᵸᴳᵲᶍ

ᵫᶈᶍᶧᵥᶊ ᵸᶪᵪᶎ ᶊᶧᶂᶅ ᵴᶫᶝᵸᵫᴲ᷀ᴻḕḳᶱ ᵸᶪ

ᶇᵬᶊ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳᶝᵾᴲḲḏḭᴻ᷊ᴻᶎᴲḲḈ᷿᷄ḯḻⱳ ᶊꞌ

ᵷᶅ ᶍⱳ ᶱ ᶆᵬᶪᶧᵥᶊᵸᶪ ᵫᵡᶩᶝᵸᴳᵾᶇᵧᶏᴲḟḱḁᴴḲḈ

᷿᷄ḯḻᶍ ᶎ += ⱳ ᵫ ᵴᶫᶝᵸ  Gᵲᶫᶨᶍ ᶍⱳנּ ᶎᴲḟḵ᷅

ḱḦᴻᶍ ᶇּס ᶍ ᶍᵾᶠᵿᵰᶊ ᵴᶫᶅᵣᶝᵸᴳᵲᶫᶨᶍⱳ

ᵫ סּ ᶉ ᴲᵲᶫᶨᶍⱳ ᶎcƎombine()  ᶱ ᶒ ᵸᶍᶇ ᵷᶧ

ᵥᶊ ᵶᶝᵸ  G

 

ᶍḲḈ᷿᷄ḯḻᶱ ᵥ ᴲḲḏḭᴻ᷊ᴻᶎ ᶍנּ ⱳ  (ᶃᶝᶩᴲ

operator[] ) ᶱ ᵶᴲ ᶍ ·ᶍ ᶊᶷ᷄ḃḁᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳᵲᶍ

ⱳ ᶎᴲ ᶍ ᶱ ᵸᶍᶆᶎᶉᵮᴲḁ᷀ḱᴻᴴḲḈ᷿᷄ḯḻᶊ

ᵰᶨᶫᵾḲḏḭᴻ᷊ᴻᶇ ᵷ combine()  ᶇ ⱳ ᶱ ᵸᶪ ᶍḲ

ḏḭᴻ᷊ᴻᴴᶿḞḀᶼ᷄Ḑᶱ ᵶᶝᵸᴳ  14 -11  ᶎᴲ ḲḈ᷿᷄ḯḻᶱ ᵶᶅ

ḚḁḐ᷅ḱḨᶱ ᵸᶪ᷀ᴻḕḳᶍ ᶱ ᵶᶅᵣᶝᵸᴳᵲᵲᶆᶎᴲ ⱳ ᶱ

ᵶᶅᴲḷᴻ᷄ ᶊᶧᶂᶅ ᵴᶫᶪḚḁḐ᷅ḱḨᶍḛḻᶍᶞᶊᶷ᷄ḃḁᵶᶅᵣ

ᶝᵸ  G
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h. parallel_for (  

 range {N},  

 reduction ( span <int , 16>(histogram, 16), plus <>()),  

 [=]( id <1> i , auto&  histogram ) {  

  histogram [i % B]++;  

 });  

 
 14 - 11.  ḲḈ᷿᷄ḯḻᶱ ᵶᶅḚḁḐ᷅ḱḨᶱ ᵸᶪ᷀ᴻḕḳᶍ 

 

Ḯᴻ᷾ᴻ ᶍḲḈ᷿᷄ḯḻ 

 

ᵣᵮᶃᵪᶍ╗ ᶉḲḈ᷿᷄ḯḻᴴᶷḳ᷉ḲḂḨ (ḌḲᴻḲHḈ᷿᷄ḯḻᶉᶈ) ᶆᶎᴲ

ḷᴻ᷄ ᵫ ╗ᶍ ᶱ ᵸᶪᶍᶆᶎᶉᵮᴲ ᶍᵡᶪ ᶆ

ᵴᶫᶪḟḱᶹḡᴻḐ ᶊ ᶉ ᶱוֹ ᵶᶝᵸᴳ ᵲᶍᶧᵥᶉḟḱᶹḡᴻḐ

ᶎᴲ ᶆᶈᶍᶧᵥᶊ ᵸᶫᶏᶧᵣᵪᶇᵣᵥטּ ᵫᵡᶩᶝᵸᴳ ᶱ

ḷᴻ᷄ ᵪᶨᶍ ᶍ ᶆ ᶱ ᵸᶪᶇᴲטּ ᵴᶫᶅᵣᶉᵣטּ

ᶱ ᵶᶅ ᵸᶪ ᶍḵḀḋ᷄ᵫנּ ᶊᶉᶪᵾᶠᴲḙḝᶾᴻḦḻḁᶊ☼ ᶱ

ᶛᵸּס ᵫᵡᶩᶝᵸᴳ ᶮᶩᶊᴲ ᶱḲḈ᷿᷄ḯḻⱳ ᶍ ID  ᶊ ᵸטּ

ᶪᶇᴲḙḝᶾᴻḦḻḁᶍ ᶱזּ ᶆᵬᶝᵸᵫᴲᵲᶫᶎ ID  ᵫ ᶍ ᶊᶍᶞּס

ᶆᵸ  G

 

SYCL ᶆᶎᴲḲḈ᷿᷄ḯḻᵫ ᶉ ᶆ ᵶᴲḲḈ᷿᷄ḯḻⱳ ᵫ

ᵣᵮᶃᵪᶍ ᶿḞḀᶼ᷄Ḑ ( : plus ) ᶍ 1 ᶃᶆᵡᶪ ᶊᶍᶞᴲ ᵶ  r

ID  ᶱ ᶊ ᶆᵬᶝᵸᴳḮᴻ᷾ᴻ ᶍḲḈ᷿᷄ḯḻ (ᶃᶝᶩᴲḮᴻ᷾ᴻ

ᶍ ᶣᴲḮᴻ᷾ᴻ ᶿḞḀᶼ᷄Ḑᶱ ᵸᶪᶡᶍ) ᶍ IƎD  

ᶱ ᵸᶪᵲᶇᶆḙḝᶾᴻḦḻḁᶱ ᶆᵬᶪּס ᵫᵡᶩᶝᵸᴳ 

 

Ḯᴻ᷾ᴻ ᶍḲḈ᷿᷄ḯḻᶍ᷊ḥᴻḐᶎᴲ ᶊ᷈Ḝᴻᶆᵬᶪ ᶇ ᶍᶉ

ᵣ ᶞ ᶮᵺ ᶊ ᵴᶫᶅᵣᶝᵸᵫᴲ ᵮᶍ ᵲᶫᶆ ᶆᵸᴳᵾᶇᵧᶏᴲ

 14 -12  ᶍ᷈ᴻḑᶎᴲḮᴻ᷾ᴻ ᶍḲḈ᷿᷄ḯḻᶱ ᵶᶅḡ᷄Ḑḳ ᶍ

ᶇᵼᶍ∞ ᶍ ᶱ ᵸᶪ ᶱ ᵶᶅᵣᶝᵸ  G
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template  <typename  T, typename  I > 

using  minloc  = minimum <std :: pair <T, I >>;  

 

int  main () {  

constexpr  size_t  N = 16;  

 

queue  q;  

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

std ::pair< float , int >* res =  

malloc_shared <std :: pair <float , int >>( 1, q);  

std :: generate (data, data + N, std ::mt19937{});  

 

std ::pair< float , int > identity = {  

std :: numeric_limits <float >:: max(),  

    std :: numeric_limits <int >:: min ()};  

*res = identity;  

 

auto  red =  

sycl :: reduction (res, identity, minloc <float , int >());  

 

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

h. parallel_for (  

range <1>{N}, red, [=]( id <1> i , auto&  res ) {  

std ::pair< float , int > partial = { data [i], i};  

res . combine (partial);  

});  

 }). wait ();  

 

 std ::cout << "minimum value = "  << res - >first  << " at "  

           << res - >second  << " \ n" ;  

 ...  

 
 14 - 12.  Ḯᴻ᷾ᴻ ᶍḲḈ᷿᷄ḯḻᶱ ᵶᶅ ᶍ∞ ᶱ  

 

᷅ḳᴻḟᴴᶷḳ᷉ḲḂḨ 

 

SYCL ḏḘᶹḁ᷈ᴻḑᶆᶍ ḙḇᴻḻᶍ᷊ḥᴻḐᶎᴲ᷅ḳᴻḟᴴᶷḳ᷉ḲḂḨᶍ

ᶍḱᶹḞḱḲᴻᶆ ᵴᶫᶝᵸᴳᵲᶫᶨᶍ ᶎᴲ ᶍḷᴻ᷄ ᷅ḳᴻḟ 

(ḷᴻ᷄᷅ḳᴻḟᶝᵾᶎ᷊Ḟ᷅ḳᴻḟ) ᶍ ᶱ ᵶᶅᴲ ᵴᶫᵾ ∫ᶆ

ᶍ ᶷḳ᷉ḲḂḨᶱ ᵶᴲᵴᶨᶊ ᶉᶷḳ᷉ḲḂḨᶱ ᵸᶪ

ᶇᵶᶅ ᶆᵬᶝᵸ  G 
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SYCL ᶍ᷅ḳᴻḟᴴᶷḳ᷉ḲḂḨᶍ ᶎCƎ++ ᶍᶷḳ᷉ḲḂḨᴴḱᶹḞḱḲᴻ

ᶍ ᶊ ᶄᵣᶅᵩᶩ CƎ++ ᶷḳ᷉ḲḂḨᶍ ᵫ ᵴᶫᶝᵸᴳᵾᵿᵶᴲ

ᶉ┴ᵣᵫᵡᶩᶝᵸ SGTL ᶍᶷḳ᷉ḲḂḨᶎ᷿ᴻ᷆ḻ᷿ḫḳ (ḣḁḐ) ᷈ᴻḑᵪᶨ

ᶒ ᵴᶫᴲḱᶹḞḱḲᴻᵫ ᶱ ᵥּס ᶱ ᵶᶝᵸᵫᴲSYCL ᶍ᷅ḳᴻ

ḟᴴᶷḳ᷉ḲḂḨᶎᴲᵸᶆᶊ ᵴᶫᶅᵣᶪ (ḏḘᶹḁ) ᷈ᴻḑ ᶆ ᶒ ᵴ

ᶫᶪᶧᵥᶊ ᵴᶫᶅᵣᶝᵸᴳᵲᶍ┴ᵣᶱ ᶇᵴᶉᵣᶧᵥᶊᵸᶪᵾᶠᴲ᷅ḳᴻ

ḟᴴᶷḳ᷉ḲḂḨᶍ ᶇḃḦḻḎᶸ᷄ḁᶎ C++ ᶍᶷḳ᷉ḲḂḨᶇ │ᶉᶩᶝ

ᵸ  G

 

SYCL ᶎ 2 ᶃᶍ│ᶉᶪ ᶷḳ᷉ḲḂḨᶱ ᵶᶝᵸᴳᶷḳ᷉ḲḂḨᵫ᷅ḳᴻ

ḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶆ ᵴᶫᶪᵫᴲᵼᶫ∙ ᶎ STL ᶍᶷḳ᷉ḲḂ

Ḩᶇ ᵷᶧᵥᶊ ᵸᶪ ᴲᵼᶍᶷḳ᷉ḲḂḨᶍ ᶊᶎ jPoint  RᶇᵣᵥḟḲ

ḝᶸ᷄ḁᵫ ᵴᶫᶝנּ  н(᷅ḳᴻḟᶍḩḻḘᴻᵫᶷḳ᷉ḲḂḨᶍ ᶊ jPoin  R

ᵸᶪᵾ )fᴳᵲᶍᶧᵥᶉᶷḳ᷉ḲḂḨᶎᴲḩḪḲᴻᵪᶨ ᶱ ᶞ ᶩᴲᵼᶍ ᶱוֹ

ḩḪḲᴻᶊ ᵬ ᶞᴲ ᶍ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶆ ᵴᶫᶪḩḪ

Ḳᴻ∞ ᶍḏᴻḇᶍᶞ ᶆᵬᶝᵸᴳ ᶮᶩᶊᴲᶷḳ᷉ḲḂḨᵫ᷅ḳᴻḟ ᶱ

☿ᵸᶪ∆ ᶉ ∫ᶆ ᵶᴲ ᶇ ᵫḷᴻ᷄ ᶍḟḱᶹḡᴻḐᴴḩḪḲᴻ

ᶊ ᵴᶫᶪ ᴲᶷḳ᷉ḲḂḨ ᶎ gProup  Rᶇᵣᵥ ᶱ ᶟᶧᵥᶊ ᵴ

ᶫᶝ  н(ᶷḳ᷉ḲḂḨᶎ᷅ḳᴻḟᵫ ᵸᶪḏᴻḇᶱ ᵸᶪᵾ)f  G

 

 14 -13  ᶍ᷈ᴻḑ ᶆᶎ sƎtd::reduce  ᶍ ᶇ 

sycl::joint_reduce  ᵩᶧᶒ sycl::reduce_over_group  ᶍ ᶱ

ᵶᶉᵫᶨᴲᵲᶫ  ʝ2 ᶍᶷḳ᷉ḲḂḨᶱ ᵶᶅᵣᶝᵸ G
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// std::reduce  

// ḷᴻ᷄ ᶎᴲ ∫ ᶱḲḈ᷿᷄ḯḻᵶᶝᵸ 
q. parallel_for (number_of_reductions, [=]( size_t  i ) {  

 output1 [i] = std :: reduce (  

 input + i * elements_per_reduction,  

 input + (i + 1) * elements_per_reduction);   

}). wait ();  

 

// sycl::joint_reduce  

// ḷᴻ᷄᷅ḳᴻḟᶎᴲ ∫ ᶱḲḈ᷿᷄ḯḻᵶᶝᵸ  

// ᶎ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶊ  

// ᶊ ᵴᶫᶝ  н  

q. parallel_for ( nd_range <1>{number_of_reductions *  

elements_per_reduction,   

elements_per_reduction},  

 [=]( nd_item <1> it ) {  

 auto  g = it . get_group ();   

 int  sum = joint_reduce (  

 g,  

 input + g. get_group_id () *   

elements_per_reduction,  

 input + ( g. get_group_id () + 1) *  

elements_per_reduction,  

 plus <>());  

 if  ( g. leader ()) {   

output2 [ g. get_group_id ()] = sum;  

 }  

 })  

. wait ();  

 

// sycl::reduce_over_group  

// ḷᴻ᷄᷅ḳᴻḟᶎḷᴻ᷄ ᶍḟḱᶹḡᴻḐHḩḪḲᴻ ᶊ ᵴᶫᶅᵣᶪ 

// ḏᴻḇᶱḲḈ᷿᷄ḯḻᵶᶝ н

// ḷᴻ᷄ ᶎ 1 ᶃᶍ ᶱḵᴻḑᵶᶅ ᵸᶪ ᵫᵡᶩᶝ  н

q. parallel_for (   

     nd_range <1>{  

number_of_reductions * elements_per_reduction,   

elements_per_reduction},  

[=]( nd_item <1> it ) {  

 auto  g = it . get_group ();  

 int  x = input [ g. get_group_id () *  

elements_per_reduction +  

  g. get_local_id ()];  

 int  sum = reduce_over_group (g, x, plus <>());  

 if  ( g. leader ()) {  

  output3 [ g. get_group_id ()] = sum;   

 }  

})  

. wait ();  

 
 14 - 13.  std::reduce sƎycl::joint_reduce sƎycl::reduce_over_group ᶍ  
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ᶈᶀᶨᶍ ᶡᴲ ᷅ḳᴻḟᴴᶷḳ᷉ḲḂḨᶍ ᶍ╥ ᶎᴲ ḥḲ᷿ᴻᶍ

ᶮᶩᶊ᷅ḳᴻḟᶝᵾᶎ᷊Ḟ᷅ḳᴻḟᴴᶿḞḀᶼ᷄Ḑᶱ ᵰ ᶫᴲᶷḳ᷉ḲḂḨᶍ

ᶊ ᵸᶪḷᴻ᷄ ᶍḃḋḐᶱ ᵸᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ  

ᶷḳ᷉ḲḂḨᶎ ᵴᶫᵾ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶆ ᵶᶅ ᵴᶫ

ᶪᵾᶠᴲ᷅ḳᴻḟḘḲᶷᶇ ᶊ⅛ᶮᶫᶪ ᵫᵡᶩᶝᵸᴳᶃᶝᶩᴲ᷅ḳᴻḟ ᶍ

ᵸᶘᶅᶍḷᴻ᷄ ᶎᴲ ᵶᵾ ḝḵᴻᶆ ᵷᶷḳ᷉ḲḂḨᶊ ᵸᶪ

ᵫᵡᶩᶝ  н(ᶃᶝᶩᴲ᷅ḳᴻḟ ᶍᵸᶘᶅᶍḷᴻ᷄ ᶎᴲ ᶊᶷḳ᷉ḲḂḨ

ᶒ ᵶᶊ ᵸᶪ /χᵶᶉᵣ ᵫᵡᶩᶝ )нᴳᶝᵾᴲᵸᶘᶅᶍḷᴻ᷄ ᶊᶧᶂᶅ

ᵴᶫᶪ╥ ᶎᴲ ᵴᶫᶪ ᶊᶃᵣᶅᵸᶘᶅᶍḷᴻ᷄ ᵫ ≥ᶆᵬᶪᶡ

ᶍᶆᶉᵰᶫᶏᶉᶩᶝᵺᶲᴳᵾᶇᵧᶏsƎycl::joint_reduce  ᶆᶎᴲ᷅ḳᴻḟ

ᶍᵸᶘᶅᶍḷᴻ᷄ ᵫ ᵷḏᴻḇᶊ ᵶᶅ ᵶᴲ ᵷⱳ ᶆ ᶱוֹ ᶆ

ᵬᶪᶧᵥᶊᴲᵸᶘᶅᶍḷᴻ᷄ ᶍ╥ ᶎ ᵷᶆᵡᶪ ᵫᵡᶩᶝᵸᴳ 

 

 14 -14  ᶍ ᶎ SƎTL ᶆ ᶆᵬᶪ ᶷḳ᷉ḲḂḨᵫ᷅ḳᴻḟᴴᶷḳ᷉Ḳ

ḂḨᶇᶈᶍᶧᵥᶊ ᵶᶅᵣᶪᵪᴲᵩᶧᶒ ᶆᵬᶪ᷅ḳᴻḟᶍ ᶊ ᵫᵡ

ᶪᵪ ᵶᶅᵣᶝᵸᴳ ᶊᶧᶂᶅᶎᴲ᷅ḳᴻḟᴴᶷḳ᷉ḲḂḨᶎ᷊Ḟ᷅ḳᴻḟᶆᶍ

ᶞ ᶆᵬᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳᵲᶍ᷆ᴻḁᶎᴲ ᶍ ᶆ ᵶᵾᵆ᷿ḫḋḝ

ḳᵇ ᶊ ꞌᵶᶝᵸ G

 
C++ ᶷḳ᷉ḲḂḨ SYCL "Joint" ᶷḳ᷉ḲḂḨ SYCL "Group" ᶷḳ᷉ḲḂḨ ᷅ḳᴻḟḇ ḟʋ 
std::any_of  sycl::joint_any_of  sycl::any_of_group  ᵸᶘᶅ  

std::all_of  sycl::joint_all_of  sycl::all_of_group  ᶉᵶ 

std::none_of  sycl::joint_none_of  sycl::none_of_group  ᵸᶘᶅ 

std::shift_left  ᶉᵶ sycl::shift_group_left  sub_group  

std::shift_right  ᶉᵶ sycl::shift_group_right  sub_group  

ᶉᵶ ᶉᵶ sycl::permute_group_by_xor  sub_group  

ᶉᵶ ᶉᵶ sycl::select from group  sub_group  

std::reduce  sycl::joint reduce  sycl::reduce over group  ᵸᶘᶅ 

std::exclusive 

scan  

sycl::joint exclusive 

scan  

sycl::exclusive scan over 

group  
ᵸᶘᶅ 

std::includive 

scan  

sycl::jpint includive 

scan  

sycl::includive scan over 

group  
ᵸᶘᶅ 

 
 14 - 14.  C++ ᶷḳ᷉ḲḂḨᶇ SYCL ᷅ḳᴻḟᴴʊ ḳ᷉ḲḂḨ ᶍḦḋḜḻ  ᷅
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ᶍ ᶆᶎᴲ᷅ḳᴻḟᴴᶷḳ᷉ḲḂḨᶎᴲḟḲḧḎᶸḞᴴḏᴻḇ ᶇᴲ

SYCL ᶊᶧᶂᶅ ᵴᶫᶪḛḳḐᶹḻⱳ ᶍḃḋḐ ( plus mƎultiplies ᴲ

bit_and bƎit_or bƎit_xor lƎogical_and lƎogical_or mƎinimumᴲ

maximum) ᶍᶞᵫ᷊ḥᴻᵴᶫᶅᵣᶝᵸᴳᵲᶫᶎᴲᶚᶇᶲᶈᶍ╗ ᶉḮᴻḁ᷆ᴻ

ḁᶱ᷀Ḙᴻᵸᶪᶍᶊ ᶆᵸᵫ SƎYCL ᶍ ᶍḘᴻḀḯḻᶆᶎᴲḮᴻ᷾ᴻ

ᶍ ᶇⱳ ᶊ ᵸᶪ ᶉ᷊ḥᴻḐᵫ ᵴᶫᶪ ᶆᵸ G

 

 

ḈᶹḴ᷄Ḑᴴḟḵ᷅ḱḧḻ᷅ 
 

סּ ᶉ ᶩḱᶹḞḱḲᴻᶱ ᵸᶪᵲᶇᶱ ᵶᶝᵸᵫᴲᵆḕᶹḎᶸḞᵇ SYCL ᷀

ᴻḕḳᶱ ᵶᶅ ḙḇᴻḻᶱᶈᶍᶧᵥᶊ ᶆᵬᶪᵪᶱ ᶘᶪᵲᶇᶆᴲ ᵮᶍ

ᵲᶇᶱ ᶘᶝᵸ  G

 

∙ ᶆ ᵸᶪ᷀ᴻḕḳᶎᴲ ᶊ ᵴᶫᵾḱᶹḞḱḲᴻᶇ Ḵḡḳᶍḙḝ

ᶾᴻḦḻḁᶱᶡᵾᶨᵸᵲᶇᶎ ᶆᵬᶝᵺᶲᵫSƎYCL ᶍ ᶊ ᵸᶪ ᶱ

ᶠᶪᶍᶊ ᶀᶝᵸᴳᶝᵾᴲ ᵶᵣḱᶹḞḱḲᴻ ᶍḟḵḐḇᶹḟᶱ ᵸᶪ

ᶇᵶᶅᶡ ᶃᶎᵹᶆᵸ  G 

 

ḡḻḈᴻ ᶍḱᶹḞḱḲᴻᶱ  

 

ḡḻḈᴻᵫ ᶍḱᶹḞḱḲᴻ ᶱ ᵸᶪ ᴲᵼᶍ ᶱ᷀ᴻḕḳᶇᵶ

ᶅ ᵸᶪᶧᶩᶡᴲḱᶹḞḱḲᴻᶱ ᵸᶪ ᵫᶚᶇᶲᶈᶍ ᶆᵸᴳ 

 

 

Ḧḋḟ 

 

Ḧḋḟḙḇᴻḻᶎ ᶉᵾᶠᴲ ᶉ ᷀ᴻḕḳᶇᵶᶅ ᶆᵬᶝᵸ G

14 -15  ᶊ ᵸ᷈ᴻḑᶎᴲḦḋḟḙḇᴻḻᶱ ᵶᶅ ∫ ᶍ ᶍ

ᶱ ᵸᶪ ᶱ ᵶᶅᵣᶝᵸ  G 
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// ᶍ ᶱ   

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

output [i] = sqrt ( input [i]);  

}). wait ();  

 
 14 - 15.  ḏᴻḇ ᷀ᴻḕḳᶊᵩᵰᶪḦḋḟḙḇᴻḻᶍ  

 

ḁḎḻ᷿ḳ 
 

 14 -16  ᶊ ᵸᶧᵥᶊᴲ Ḙḋḝᶶᴻᶱ ᵧᵾ ḏᴻḇ ᷀ᴻ

ḕḳᶇᵶᶅḁḎḻ᷿ḳᶱ ᵸᶪᶍᶎᴲ ᶆ ⌐ᶊ ᶆᵬᶝᵸᴳ 

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

accessor  input{input_buf, h};  

accessor  output{output_buf, h};  

 

// ḃḳᶇᵼᶍ ḃḳᶍ ᶱ  

h. parallel_for (stencil_range, [=]( id <2> idx ) {  

int  i = idx [ 0] + 1;  

int  j = idx [ 1] + 1;  

 

float  self = input [i][j];  

float  north = input [i -  1][j];  

float  east = input [i][j + 1];  

float  south = input [i + 1][j];  

float  west = input [i][j -  1];  

output [i][j] =  

(self + north + east + south + west) / 5.0f ;  

});  

});  

 
 14 - 16.  ḏᴻḇ ᷀ᴻḕḳᶊᵩᵰᶪḁḎḻ᷿ḳḙḇᴻḻᶍ  

 

ᵾᵿᵶᴲᵲᶍḁḎḻ᷿ḳḙḇᴻḻᶍ ᶎ ᶊ ᶆᵡᶩᴲ ᶉḙḝᶾᴻḦ

ḻḁᶎ ᶆᵬᶝᵺᶲᴳᵲᶍ ᶍ ᶆ ᶘᵾᶧᵥᶊᴲḩḪḲᴻᵪᶨ ᵷḏᴻḇᶱ

ᶩ ᵶ ᶞ ᶪᶍᶱ ᵰᶪᵾᶠᴲ  ( ᶝᵾᶎ Ḟḵḋּ᷄ט ) ᶱ

ᵸᶪᵲᶇᶎᶧᵮ ᶨᶫᶅᵣᶝᵸᴳḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶱ ᵶ

ᵾ Ḟḵḋּ᷄טᶍ ᶉ ᶱ  14 -17  ᶊ ᵶᶝᵸ  G
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q. submit ([&]( handler&  h) {  

 accessor  input{input_buf, h};  

 accessor  output{output_buf, h};  

 

 constexpr  size_t  B = 4;  

 range <2> local_range ( B, B);  

 range <2> tile_size =  

 local_range +  

 range <2>( 2, 2);     // ḃḳᶱ  ɜ  

  auto  tile = local_accessor <float , 2>(tile_size, h);  

 

 // ḃḳᶇᵼᶍ ḃḳᶍ ᶱ  

 h. parallel_for (  

  nd_range <2>(stencil_range, local_range),  

  [=]( nd_item <2> it ) {  

  // ᵲᶍḇᶹḳᶱḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻᶊḵᴻḑ  

  id <2> lid = it . get_local_id ();  

  range <2> lrange = it . get_local_range ();  

  for  ( int  ti = lid [ 0]; ti < B + 2;  

 ti += lrange [ 0]) {  

  int  gi = ti + B * it . get_group ( 0);  

  for  ( int  tj = lid [ 1]; tj < B + 2;  

 tj += lrange [ 1]) {  

  int  gj = tj + B * it . get_group ( 1);  

  tile [ti][tj] = input [gi][gj];  

  }  

  }  

  group_barrier ( item .get_group());  

 

  // ḵᴻ᷀ḳḩḪḲᴻᶍ ᶱ ᵶᶅḁḎḻ᷿ḳᶱ  

  int  gi = it . get_global_id ( 0) + 1;  

  int  gj = it . get_global_id ( 1) + 1;  

 

int  ti = it . get_local_id ( 0) + 1;  

int  tj = it . get_local_id ( 1) + 1;  

 

  float  self = tile [ti][tj];  

  float  north = tile [ti -  1][tj];  

  float  east = tile [ti][tj + 1];  

  float  south = tile [ti + 1][tj];  

  float  west = tile [ti][tj -  1];  

  output [gi][gj] =  

  (self + north + east + south + west) / 5.0f ;  

  });  

});  

 
 14 - 17.  ḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶱ ᵶᶅᴲND - range ᷀ᴻḕḳᶊ

ḁḎḻ᷿ḳḙḇᴻḻᶱ  
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ᶍḁḎḻ᷿ḳᶊ ᵶᵾ ᶱטּ ᵸᶪᶊᶎᴲḞḵḋ᷊᷄ᶹḂᴲ ᴲᵩᶧ

ᶒḁḎḻ᷿ḳ ᶍ᷈ḻḙᶹḳ ᶍ ᵫ ᶆᵡᶩᴲᵲᵲᶆ ᵶᵾᶧᶩᶡ

ᶎᶪᵪᶊ ᵴᶫᵾᶷḟḵᴻḉᵫ ᶠᶨᶫᶝᵸ G

 

ḲḈ᷿᷄ḯḻ 

 

ḷᴻ᷄ ᶍ ᵩᶧᶒ  (ᶷḐḧḋ᷄ ᴲḷᴻ᷄᷅ḳᴻḟᶇ᷊Ḟ᷅ḳᴻḟ

ᶍ ᴲ᷊Ḟ᷅ḳᴻḟᶍ᷿ḫḋḝḳᶉᶈ) ᶊ ᶆᵬᶪ ᶱ ᵸᶪᵲᶇ

ᶆ SƎYCL ᶊḲḈ᷿᷄ḯḻᴴ᷀ᴻḕḳᶱ ᶆᵬᶝᵸ G14 -18  ᶇ  14 -19  ᶍ

᷀ᴻḕḳᶎ 2Ǝ ᶃᶍḲḈ᷿᷄ḯḻᶍ ᶱ ᵶᶅᵣᶝᵸ1G ᶃᶎ ᶉ 

parallel_for  ᶇᵸᶘᶅᶍḷᴻ᷄ ᶊ ᵸᶪᶷḐḧḋ᷄ ᶱ ᵸᶪ

ᶉḲḈ᷿᷄ḯḻᶆᴲᶡᵥ 1 ᶃᶎ ND -range ᶍ parallel_for  ᶇḷᴻ᷄᷅ḳᴻ

ḟᶍḲḈ᷿᷄ḯḻ ᶱ ᵶᶅ ᶱ ᵸᶪᶣᶣ ᵣḲḈ᷿᷄ḯḻᶆᵸᴳᵲ

ᶫᶨᶍᶷḐḧḋ᷄ ᶊᶃᵣᶅᶎ  Ǝ19 ᶆᵴᶨᶊ ᵶᵮ ᶩ ᵱᶝᵸ G

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

atomic_ref< int , memory_order ::relaxed,  

 memory_scope ::system,  

 access :: address_space ::global_space>(  

 *sum) += data [i];  

}). wait ();  

 
 14 - 18.  ḏᴻḇ ᷀ᴻḕḳᶇᵶᶅ ᵴᶫᵾ ᶉḲḈ᷿᷄ḯḻᶍ  
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q. parallel_for ( nd_range <1>{N, B}, [=]( nd_item <1> it ) {  

 int  i = it . get_global_id ( 0);  

 auto  grp = it . get_group ();  

 int  group_sum =  

 reduce_over_group (grp, data [i], plus <>());  

 if  ( grp . leader ()) {  

  atomic_ref< int , memory_order ::relaxed,  

   memory_scope ::system,  

   access :: address_space ::global_space>(  

   *sum) += group_sum;  

 }  

}). wait ();  

 

 14 - 19.  ND - range ᷀ᴻḕḳᶇᵶᶅ ᵴᶫᶪ ᶉḲḈ᷿᷄ḯḻᶍ  

 

ḲḈ᷿᷄ḯḻᴴ᷀ᴻḕḳᶱ ᵸᶪ ᶎ ᶊᶡ ᵡᶩᴲᶷḐḧḋ᷄ ᶍḗᴻ

ḑᶻᶼᶷᴴ᷊ḥᴻḐᴲḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳᴴḩḪḲᴻᴴ᷊ᶹḂᴲ᷅ḵᴻḘḳᴴḩḪ

Ḳᴻᴴ᷊ᶹḂᴲḏḘᶹḁ ᶆ ḘḲᶷᵫ ᶆᵬᶪᵪᴲᵴᶨᶊᶎ ᶍḲḈ᷿᷄

ḯḻ ᵫᵡᶪᵪᴲᶉᶈᶍ┴ᵣᶊᶧᶩᴲḏḘᶹḁᵳᶇᶊ│ᶉᶪ ᵫ ᵴᶫᶪ

סּ ᵫᵡᶩᶝᵸᴳ╗ ᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶆᶎᴲlog 2( N)  ᶍ ᶍ᷀ᴻḕḳ

ᶒ ᵶᶊᶧᶩᴲḌḲᴻᴴḲḈ᷿᷄ḯḻᶱ ᵸᶪ ᵫ (ᶝᵾᶎ ) ᶆᵡᶪ

ᵫᵡᶩᶝᵸ  G

 

SYCL ḲḈ᷿᷄ḯḻᴴḱᶹḞḱḲᴻᶆ᷊ḥᴻḐᵴᶫᶉᵣ ᴲᶝᵾᶎ ᶍḏḘ

ᶹḁᶍ ᶊ ᶮᵺᶅ᷀ᴻḕḳᶱ ᵸᶪ ᶊᶍᶞᴲḲḈ᷿᷄ḯḻᶱ ᶆ

ᵸᶪᵲᶇᶱ ᵮ ᵶᶝᵸᴳᵼᶍ ᶡᴲSYCL ᶍḛḳḐᶹḻᴴḲḈ᷿᷄ḯḻᶍḙ

ḝᶾᴻḦḻḁᵫ ᵸᶪᵲᶇᵫזּ ᶆᵡᶪ ᶊ ᶩᶝᵸᴳ 

 

ḁ᷂ḫḻ 

 

ᵲᶍ ᶍ ᶆ ᵶᵾᶧᵥᶊᴲ ḁ᷂ḫḻᶱ ᵸᶪᶊᶎᴲḏᴻḇᶊ ᵶᶅ

ᶍ ᵫ ᶆᵡᶩᴲ ᶆ ᵫ ᶮᶫᶝᵸSGYCL ᶎ ND - range 

ᶍᵸᶘᶅᶍḷᴻ᷄ ᶱ ᵸᶪḩ᷀ḓḂḨᶱ ᵶᶉᵣᵾᶠᴲḏḘᶹḁ

ᶍḁ᷂ḫḻᶱ ᵸᶪᶊᶎᴲ᷅ḵᴻḘḳḩḪḲᴻᶱ ᵶᶅ ᶉ ᶱוֹ

ᵸᶪ ᶍ᷀ᴻḕḳᶱ ᵸᶪ ᵫᵡᶩᶝᵸ G
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 14 -20 1Ǝ4 -21ᴲᵩᶧᶒ 14 -22  ᶊ ᵸ᷈ᴻḑᶎᴲ ᶍ᷀ᴻḕḳᶱ ᵶ

ᶅ ᵴᶫᵾ ḁ᷂ḫḻᶱ ᵶᶅᵣᶝᵸᴳ ᶍ᷀ᴻḕḳᶎᴲ ᶱḷᴻ᷄

᷅ḳᴻḟ ᶆ ᵶᴲḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻ ᶍḷᴻ᷄᷅ḳᴻḟᶍḵ

ᴻ᷀ḳḁ᷂ḫḻᶱ ᵶᶝ  н( ᶮᶩᶊḷᴻ᷄᷅ḳᴻḟᶍ inclusive_scan  

ᶱ ᵸᶪᶆᵬᶝ )н 2G ᶍ᷀ᴻḕḳᶎᴲ ╗ᶍḷᴻ᷄᷅ḳᴻḟᶱ ᵶᶅᴲ

Ḟḵḋ᷄ᶍ ᶊ ᵶᶅḵᴻ᷀ḳḁ᷂ḫḻᶱ ᵶᶝᵸᴳ3 ᶍ᷀ᴻḕḳ

ᶎᵲᶫᶨᶍ ᶱוֹ ᶞ ᶮᵺᶅ ᶱ ᵶᶝᵸᴳᵲᶫ ʝ3 ᶃᶍ᷀ᴻḕḳ

ᶎᴲ  14 - 5  ᶍ 3 ᶃᶍḴᶹḬᴻᶊ ꞌᵶᶝᵸ G

 
// ḝᶼᴻḂ 1: Ḟḵḋ᷄ ᶍḵᴻ᷀ḳḁ᷂ḫḻᶱ   

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

auto  local = local_accessor <int32_t , 1>(L, h);  

h. parallel_for ( nd_range <1>(N, L), [=]( nd_item <1> it ) {  

int  i = it . get_global_id ( 0);  

int  li = it . get_local_id ( 0);  

 

// ᶱḵᴻ᷀ḳḩḪḲᴻᶊ᷈Ḝ  ᴻ  

local [li] = input [i];  

group_barrier ( it . get_group ());  

 

// ḵᴻ᷀ḳḩḪḲᴻ ᶆ ḁ᷂ḫḻᶱ  

for  ( int32_t  d = 0; d <= log2 (( float )L) -  1; ++d) {  

 uint32_t  stride = ( 1 << d);  

 int32_t  update =  

  (li >= stride) ? local [li -   stride] : 0;  

 group_barrier ( it . get_group ());  

 local [li] += update;  

 group_barrier ( it . get_group ());  

}  

 

// ᶍ ᶱוֹ Ḙḋḝᶶᶊ ᵬ ᶞᶝᵸ G  

// ᵲᶍḞḵḋ᷄ᶍ ᶍ ╗ᶱוֹ Ḙḋḝᶶᶊ ᵬ ᶞᶝᵸᴳ 
output [i] = local [li];  

if  (li == it . get_local_range ()[ 0] -  1) {  

 tmp [ it . get_group ( 0)] = local [li];  

}  

});  

}). wait ();  

 
 14 - 20.  ND - range ᷀ᴻḕḳᶆ᷅ḵᴻḘḳ ḁ᷂ḫḻᶱ ᵸᶪḝᶼᴻḂ 1: 

ḷᴻ᷄᷅ḳᴻḟ ᶱ  
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// ḝᶼᴻḂ 2: ᶉ ᶍḁ᷂ḫḻᶱוֹ  

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

auto  local = local_accessor <int32_t , 1>(G, h);  

h. parallel_for ( nd_range <1>(G, G), [=]( nd_item <1> it ) {  

 int  i = it . get_global_id ( 0);  

 int  li = it . get_local_id ( 0);  

 

 // ᶱḵᴻ᷀ḳḩḪḲᴻᶊ᷈Ḝ  ᴻ  

 local [li] = tmp [i];  

 group_barrier ( it . get_group ());  

 

 // ḵᴻ᷀ḳḩḪḲᴻ ᶆ ḁ᷂ḫḻᶱ  

 for  ( int32_t  d = 0; d <= log2 (( float )G) -  1; ++d) {  

  uint32_t  stride = ( 1 << d);  

  int32_t  update =  

   (li >= stride) ? local [li -  stride] : 0;  

  group_barrier ( it . get_group ());  

local [li] += update;  

  group_barrier ( it . get_group ());  

 }  

 

 // ḷᴻ᷄ ᶍ ╗ᶱוֹ Ḙḋḝᶶᴻᶊ ᵬ 
 tmp [i] = local [li];  

});  

}). wait ();  

 
 14 - 21.  ND - range ᷀ᴻḕḳᶆ᷅ḵᴻḘḳ ḁ᷂ḫḻᶱ ᵸᶪḝᶼᴻḂ2 : 

ḷᴻ᷄᷅ḳᴻḟᶍ וֹ ᶱḁ᷂ḫḻ 

 

 
// ḝᶼᴻḂ 3: ᶉ ᶱוֹ ᵶᶅḵᴻ᷀ḳḁ᷂ḫḻᶱ  

q. parallel_for ( nd_range <1>(N, L), [=]( nd_item <1> it ) {  

int  g = it . get_group ( 0);  

if  (g > 0) {  

int  i = it . get_global_id ( 0);  

output [i] += tmp [g -  1];  

}  

}). wait ();  

 
 14 - 22.  ND - range ᷀ᴻḕḳᶆ᷅ḵᴻḘḳ ḁ᷂ḫḻᶱ ᵸᶪḝᶼᴻḂ  3 

( )  
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 14 -20  ᶇ  14 -21  ᶎ ᶊᶧᵮ ᶅᵣᶝᵸᴳ ╗ᶍ┴ᵣᶎᴲ ∫ᶍ᷊ᶹ

Ḃᶇᴲ ᶇ ᶍ ᶆᵸᴳᵲᶍḙḇᴻḻᶍ ᶍ ᶆᶎᴲ│ᶉᶪ

╥ ᶱ ᶃ ╗ᶍ ᶱ ᵶᶅ 2 ᶃᶍḝᶼᴻḂᶱ ᶆᵬᶝᵸᵫᴲᵲᵲᶆᶎ

ᶍ ᵪᶨ ᶍ᷈ᴻḑᶇᵶᶅ ᵶᶅᶝᵸᴳ 

 

ḙḋ᷄ᶇᶷḻḙḋ  ᷄

 

ḙḋ᷄ᶇᶷḻḙḋ᷄ᶎᴲ᷃ḫ᷾ᴻ ᶇḁ᷂ḫḋḇᴻ ᶇᶡ ᶏᶫᶝᵸᴳᵲᶫᶨᶍ

ᶎᴲḏᴻḇᵫḩḪḲᴻ ᶆᶈᶍᶧᵥᶊ ᵴᶫᶪᵪᴲᵩᶧᶒᵼᶫᶱ Ḳḅᴻ

ḁᶊ ᵸᶪ ᶍ┴ᵣᶱ ᵶᶝᵸ  G

 

ḙḋ  ᷄

 

ḙḋ᷄ᶎ ḁ᷂ḫḻᶊ∟ ᵸᶪᵾᶠNƎD - range ᶍᵸᶘᶅᶍ ᶊ ᵴ

ᶫᶪḙḋ᷄ᶍ ᶡᴲ᷅ḵᴻḘḳḩḪḲᴻᶱ ᵶᶅᴲ ᶍ᷀ᴻḕḳᶽḻ᷂ḭᴻᶊ

ᶧᶩ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵾᵿᵶᴲḙḋ᷄ᶊᶎᴲND -range ᶍᵸᶘᶅᶍ

ᶊ ᶱ ᵸᶪ ᵫᶉᵣ᷆ᴻḁᵫᵡᶩᶝᵸᴳᵼᶫᶎᴲ ᶍḷᴻ᷄᷅ḳᴻḟ

ᶝᵾᶎ᷊Ḟ᷅ḳᴻḟ ᶍ ᶊᶍᶞḙḋ᷄ᶱ ᵸᶪ ᶆᵸ G

 

 14 -23  ᶍ᷈ᴻḑᶎᴲ ḁ᷂ḫḻᶍ ᶊ᷅ḳᴻḟᶍḙḋ᷄ ᶱ ᵸ

ᶪ ᶱ ᵶᶅᵣᶝᵸ  G

 
uint32_t  index =  

 exclusive_scan (g, ( uint32_t )predicate, plus <>());  

if  (predicate) dst [index] = value;  

 
 14 - 23.  ḁ᷂ḫḻᶍ ᶊ᷅ḳᴻḟḙḋ᷄ ᶱ  

 

 14 -24  ᶍ᷈ᴻḑᶎᴲḙḋ᷄ ᶱ᷀ᴻḕḳ ᶆ ᵶᶅᴲ  (∙ ᶍ᷀

ᴻḕḳ) ᶱ ᶇᵸᶪ ḲḁḐᶱ ᵸᶪ ᶱ ᵶᶅᵣᶝᵸᴳ  

 

 

 



 

 

378  

 

 

ᵲᵲᶊ ᵸ ᶎᴲ ᷿ḧḭḴᴻ᷿ḯḻᶍ᷀ᴻḕḳᶊ ᶄᵣᶅᵣᶝᵸ  G

i  ᶊ ᶩ ᶅᶨᶫᵾ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎiƎ  ᶍ ᶊᵡᶪ ᶍ

ᵸᶘᶅᶍ ᶱ ᵸᶪᵾᶠᶊ ᵶᴲᵲᶍ ᴾ ḲḁḐᴿ ᶍ ᶍᶞᶱ

ᵶᶅ ᶊ ᵸᶪ ᵫ ᵴᶫᶝᵸ  G

 
range <2> global (N, 8);  

range <2> local ( 1, 8);  

q. parallel_for ( nd_range <2>(global, local), [=]( nd_item <2> it ) {  

int  i = it . get_global_id ( 0);  

sub_group  sg = it . get_sub_group ();  

int  sglid = sg . get_local_id ()[ 0];  

int  sgrange = sg . get_local_range ()[ 0];  

 

uint32_t  k = 0;  

for  ( int  j = sglid; j < N; j += sgrange) {  

 // i ᶇ  j ᶍ ᶱ   

 float   r = distance ( position [i], position [j]);  

 

 // ᵫ ᶉ ᶱḲḁḐᶊᶝᶇᶠ  ᶅ

 uint32_t  pack = (i != j) and (r <= CUTOFF);  

 uint32_t  offset =  

  exclusive_scan_over_group (sg, pack, plus <>());  

 if  (pack) {  

 neighbors [i * MAX_K + k + offset] = j;  

 }  

 

 // ᵲᶫᶝᶆᶊᵣᵮᶃᶍ ᵫḙḋ᷄ᵴᶫᵾᵪ  

 k += reduce_over_group (sg, pack, plus <>());  

 }  

 num_neighbors [i] =  

 reduce_over_group (sg, k, maximum<>());  

}). wait ();  

 
 14 - 24.  ᷊Ḟ᷅ḳᴻḟH ḙḋ᷄ ᶊᶧᶩƎ ᶍנּ ᵫ ᶉ ᶍḲḁḐᶱ  
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ḙḋ᷄ḙḇᴻḻᶆᶎ ᶍ ᵫ ᵴᶫᶪᵲᶇᶎᵡᶩᶝᵺᶲᴳ ᶊḙ

ḋ᷄ᵴᶫᵾ ᶎ ᶇ ᵷ ᶊᶉᶩᶝᵸᴳḙḋ᷄ᶍḟḵḙḎᶸᴻᶎ ᶆᵡᶩᴲ

ḙḋ᷄ ᶱ ᵶᶅ ᶍᶧᶩ ᶉ ᶷḳ᷉ḲḂḨ ( std::copy_if  ᶣ 

std::stable_partition  ᶉᶈ) ᶱ ᶆᵬᶝᵸᴳᵾᵿᵶᴲ ᶱ┐ ᵸᶪ

ᵫᶉᵣḙḋ᷄ ᶊ ᶆᵬᶪ ᶍ ᶷḳ᷉ḲḂḨᶡᵡᶩᶝ н

( std::partition  ᶉᶈ)  G

 

ᶷḻḙḋ  ᷄

 

ḙḋ᷄ᶇ ᶊᴲḁ᷂ḫḻᶱ ᵶᶅᶷḻḙḋ᷄ᶱ ᶆᵬᶝᵸᴳ 14 -25  ᶎᴲ

ḁ᷂ḫḻᶍ ᶊ᷊Ḟ᷅ḳᴻḟᶍᶷḻḙḋ᷄ ᶱ ᵸᶪ ᶱ ᵶᶅᵣ

ᶝᵸ  G

 
uint32_t  index =  

 exclusive_scan (sg, ( uint32_t )predicate, plus <>());  

return  (predicate) ? new_value [index]  : original_value;  

 
 14 - 25.  ḁ᷂ḫḻᶍ ᶊ᷊Ḟ᷅ḳᴻḟᶍᶷḻḙḋ᷄ ᶱ  

 

 14 -26  ᶍ᷈ᴻḑᶎᴲ᷊Ḟ᷅ḳᴻḟᶍᶷḻḙḋ᷄ ᶱ ᵶᶅᴲ ḝ

ḵ  ᴻ(ᵲᶍ ᶎḦḻḏḳḞḵ ᶍ ) ᶱ ᶃ᷀ᴻḕḳᶍ ᶱ ᵸ

ᶪ ᶱ ᵶᶅᵣᶝᵸᴳ ḷᴻ᷄ ᶊᶎ ᵸᶪ ᶍḜ᷄ḃḳᵫ ᶩ ᶅᶨ

ᶫᴲ ᵸᶪᵪ ᶊ ᵸᶪᶝᶆ ᵴᶫᶝᵸᴳ ᶊᴲᶷḻḙḋ᷄ ᶆ

ᵶᵾḜ᷄ḃḳᶱ ᵶᵣḜ᷄ḃḳᶊ ᵬ ᵧᶝᵸᴳ 
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// 1 ᶃᶍḷᴻ᷄ ᶊḷᴻ᷄ᵫ ᶂᶅᵣᶪ ᶩᴲ ᶱ   

while  ( any_of_group (sg, i < Nx)) {  

 uint32_t  converged = next_iteration (  

  params, i, j, count, cr, ci, zr, zi, mandelbrot);  

 if  ( any_of_group (sg, converged)) {  

 // ᶷḻḙḋ᷄ᶱ ᵶᶅ ᵶᵾḜ᷄ḃḳᶱ ᵬ ᵧᴳ      

// ᵶᶅᵣᶉᵣḜ᷄ḃḳᶎ ᵬ ᵧᶨᶫᶝᵺᶲ G

 uint32_t  index = exclusive_scan_over_group (  

  sg, converged, plus <>());  

 i = (converged) ? iq + index : i;  

 iq += reduce_over_group (sg, converged, plus <>());  

 

 // ᵶ  r i ᶍ ᶱḲḃḋḐ 
 if  (converged) {  

 reset (params, i, j, count, cr, ci, zr, zi);  

 }  

 }  

}  

 

 14 - 26.  ᷊Ḟ᷅ḳᴻḟᶍᶷḻḙḋ᷄ ᶱ ᵶᶅᴲ ḝḵᴻᵫ│ᶉᶪ᷀ᴻḕḳᶍ

ᶱ  

 

ᵲᶍᶧᵥᶉᶷḟḵᴻḉᶊᶧᶂᶅ ᵫᶈᶍ ᵶᴲ ᵫ ᵴᶫᶪ

ᵪᶎᴲ ᶍ ᶇᶷḻḙḋ᷄ ᶍ ᶍ ᶆᶿᴻḘᴻḠḋḑᵫ ᵸᶪᵾ

ᶠᴲᶷḟḲ᷆ᴻ᷿ḯḻᶇ ᶊ ᵬᵮ∟ ᵶᶝᵸᴳᵶᵾᵫᶂᶅᴲ ᶍᶷḟḲ᷆ᴻ᷿

ḯḻᶆᵲᶍḙḇᴻḻᶱᵥᶝᵮ ᵸᶪᶊᶎᴲ ᶍ ᶇ ᵴᶫᶪ ᶊ ᶄᵣ

ᶅ ᶱ ᵥ ᵫᵡᶩᶝ  н(ᵾᶇᵧᶏᴲᶷ᷄ḎᶸḞᶉḷᴻ᷄ ᵫᵡᶪᵶᵬ

ᵣ ᶱּז ᶂᵾ ᶊᶍᶞᶷḻḙḋ᷄ ᶱ ᵸᶪᶉᶈ)  G

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲḛḳḐᶹḻ ᶣḱᶹḞḱḲᴻᶉᶈᶍ SYCL ᶱ ᵶᶅᴲ ᶡ

╗ ᶉ ḙḇᴻḻᶍᵣᵮᶃᵪᶱ ᵸᶪ ᶱ ᵶᶝᵶᵾᴳ 

 

SYCL ᶽ᷿᷈ḁḎḨᶎᶝᵿ ᶆᵡᶩᴲ ᵫ ᶣ◖ Ḵḡḳᶍ

ᶷḟḲ᷆ᴻ᷿ḯḻᵩᶧᶒḱᶹḞḱḲᴻᶍ ᶱ ᶟᶊᶃᶫᶅᴲᵲᶫᶨᶍḙḇᴻ

ḻᶊ ᵸᶪ ᵶᵣḡḁḐᴴḟḱ᷄Ḏᶸḁᵫ ᶨᵪᶊᶉᶪᵲᶇᵫ ᵴᶫᶝᵸᴳ 

 

 

 

 

 



 

 

 

 

 
 

 ɯ Structured Parallel Programming: Patterns for 

Efficient Computation MƎichael McCool AƎrch 

Robison  ƎJames Reinders ṵƎְְׂׄ־ׄ׃ᴤᴩᴒᴠᴚᴧᴘᴕᴔְᴒᴭְ

Morgan Kaufmann, ISBN 978 -0 -124 -15993 -8  G

 

 ɯ ᵈ טּ ḟḵ᷅ḱḧḻ᷅e ᵣ ᶱ ᵥᵾᶠᶍḙḇᴻḻ: 

Ḧᶹ᷆ḳᴴḦḋ᷄ᴻḳᴲᶷᴻ᷄ᴴDᴴḵḛḅḻᴲḀᶼᴻḨḁᴴḴᶹḻḈᴻḁ

2Ǝ014 ᴲ᷀ḋḐ᷿ḁḎḨ ᴲ /ᶽ᷄ḃḳḅḝḐ ᴲ

ISBN978 -4 -87783 -305 -3  

 

 ɯ Algorithms library, C++ Reference ᴲ

https://en.cppreference.com/w/cpp/algorithm  G

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://en.cppreference.com/w/cpp/algorithm
https://creativecommons.org/licenses/by/4.0/


 

 

 

 

  



 

 

 

 

 15  GPU ᵰᶍḟḵ᷅ḱḧḻ  ᷅
 

 

ᶊᶮᵾᶩᴲ᷅ḱḝᶸḋ᷄ḁᴴḟḵḃḋ᷿ḻ᷅ᴴḮḓḋḐ (GPU) ᶎᴲ

ᶊᶹḩᴻḀᶱ ᵸᶪ ᶉḗᴻḑᶻᶼᶷᴴḏḘᶹḁᵪᶨᴲ ᶉ ᷀ᴻḕḳ

ᶱ ᶆᵬᶪ ḏḘᶹḁᶗᶇ ᵶᶅᵬᶝᵶᵾᴳטּ ᴲᶚᶛᵸᶘᶅᶍ᷈ḻḜḭᴻ

ḇᴻᶊᶎ ᶍ CPU ᶊּנᵧᶅ GPU ᵫ ᵴᶫᶅᵩᶩᴲ ᶷḳ᷉ḲḂḨᶍ╗

ᶱ CPU ᵪ  ʝGPU ᶊᶿḝḵᴻḑᵸᶪᵲᶇᶆ ᵮᶍḟḵ᷅ḱḨᶱ ᶆᵬᶝטּ

ᵸ  G

 

ᵲᶍ ᶆᶎᴲ╗ ᶉ GPU ᶍ GƎPU ḅḝḐᶻᶼᶷᶇḗᴻḑᶻᶼᶷᵫ 

SYCL ᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪ ᴲᵩᶧᶒ GPU ᵰᶍ ᷀ᴻḕḳᶱ

ᵼᵶᶅ ᵸᶪטּ ᶊ ≥ᵸᶘᵬḚḻḐᶇḎ᷄ḓḋ᷄ᶊᶃᵣᶅ ᵶᶝᵸᴳ  

 

 

ḙḝᶾᴻḦḻḁᶊ ᵸᶪ ≥  
 

ᶍḟḵḃḋ᷊ᴻᴴḇᶹḟᶇ ᶊᴲGPU ᶎḡḻḈᴻᵳᶇᶊᴲᵡᶪᵣᶎ

ᵳᶇᶊ│ᶉᶩᶝᵸᴳᵼᶍᵾᶠᴲᵡᶪḏḘᶹḁᶍḡḁḐᴴḟḱ᷄Ḏᶸḁᵫᴲ ᶍḏḘ

ᶹḁᶇᶎ│ᶉᶪ ᵫᵡᶩᶝᵸᴳᵲᶍ ᶍᶷḑḘᶹḁᶎᴲ ᵩᶧᶒ ᶊᶮᵾᶂ

ᶅ ᵮᶍ GPU ᶊ ᶃᶆᵶᶦ  vÂ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ṵְְׂׅׄׄפᴢᴨᴕᴠְםᴣᴦᴤᴣᴦᴑᴨᴚᴣᴢְ׀ 

J. Reinders et al., Data Parallel C++ , https://doi.org/10.1007/978 - 1- 4842 - 9691 - 2_15  
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ᶍ GPU ᶆ ᶉḙḝᶾᴻḦḻḁᶱ ᵸᶪᶊᶎGƎPU ḡḻḈᴻᶍḑ᷂ḭ

ḩḻḐᶱ ᵶᶅᵮᵿᵴᵣ G

ᵲᶍ ᶍ ᶊᴲ ᵮᶍ GPU ḡḻḈᴻᶍḑ᷂ḭḩḻḐᶗᶍḲḻ᷄ᶱ ᵶᶝᵸᴳ 

 

 

GPU ᶍ ᶞ 
 

ᵲᵲᶆᶎᴲ╗ ᶉ GPU ᶍ ᶇ GƎPU ᵫ ᶍᶷ᷄ḃḱḴᴻḇᴻᴴḇᶹḟᶇᶈᶍ

ᶧᵥᶊ│ᶉᶪᵪ ᵶᶝᵸ  G

 

GPU ḛḳḏᶸḻ᷅ᴴḞḵḋ ᷄

 

 15 -1 ᶎ 3Ǝ ᶃᶍ Ḵḡḳᶍḛḳḏᶸḻ᷅ᴴḞḵḋ᷄ᶆ ᵴᶫᶪ ᵴᶫטּ

ᵾ GPU ᶍ ᶱ ᵶᶅᵣᶝᵸ  G

 

1.  Ḳḅᴻḁ: GPU ᶍ Ḳḅᴻḁᶎᴲ ḷᴻ᷄ᶱ ᵸᶪḟḵ

ḃḋ᷊ᴻᶆᵸᴳᵴᶝᵵᶝᶉ GPU ḡḻḈᴻᵫ Ḳḅᴻḁᶊ│ᶉᶪ

ᶱ ᵶᶅᵣᶝᵸᵫᴲᵸᶘᶅᶍ ᶍ GPU ᶎḟḵ᷅ḱḨּס

ᶉ ᶍḟḵḃḋ᷊ᴻᶆ ᵴᶫᶅᵣᶝᵸᴳḟḵḃḋ᷊ᴻᶎᴲḘᴻ

Ḏḋ᷄ḁᶍ ᶣḜ᷄ḃḳᶍ᷿ᶼᴻḏᶸḻ᷅ᶉᶈᶍ ᶍḇḁ᷄ᶊ

│ᵴᶫᵾטּ ḟḵḃḋ᷊ᴻᶆᵡᶪ ᶡᵡᶫᶏᴲ ᶆ ᵬ ᵧ

סּ ᶉ ᶡᵡᶩᶝᵸᴳ ᶍ GPU ᶍḟḵḃḋ᷊ᴻᶍᶚᶇᶲᶈᶎ

ᶆᵡᶩᴲ ᵫᵡᶩᶝᵸ G

 

2.  : GPU ᶎᴲ Ḳḅᴻḁᶧᶩᶡḟḵ᷅ḱḨ ᵫ

ᵮᴲ ╗ᶍḇḁ᷄ᶊ   ᵶᵾḗᴻḑᶻᶼᶷᴴḮḓḋḐᶆᵸᴳטּ

GPU ᶱ᷅ḱḝᶸḋ᷄ḁ ᶊ ᵸᶪ ᴲḱḁḇḱᶹḂᶣḴᶹᴴḐ

Ḵᴻ᷿ḻ᷅ᶉᶈ᷅ḱḝᶸḋ᷄ḁᴴ ḙᶹḟḱᶹḻᶍ ᵮᶍ ᶎᴲ

ᶇḙḝᶾᴻḦḻḁ ᶍᵾᶠᶊ ᶱ ᵶᶅ ᵴᶫᶝ

ᵸ GGPU ᶱḏᴻḇ ᶊ ᵸᶪ ᴲḷᴻ᷄ḵᴻḑᶍḁ᷆Ḁ

ḭᴻḳᴲḎ᷄ḁḉḫᴻᶍ᷊ḻḟḲḻ᷅ᴲ∟ ᶍ ᶉᶈᶍḇḁ᷄

ᶊ ᵫ ᵴᶫᶪᵲᶇᵫᵡᶩᶝᵸ  G

 

3.  ᷂ḫḋ᷿ḭᶇḩḪḲ :ᴻ ᶍḟḵḃḋ᷊ᴻᴴḇᶹḟᶇ ᶊᴲGPU ᶊ

ᶎ Ḳḅᴻḁᶊᶧᶂᶅᶷ᷄ḃḁᵴᶫᶪḏᴻḇᶱ ᵸᶪ᷂ḫḋ᷿
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ḭᵫ ᶮᶂᶅᵣᶝᵸ GGPU ᷂ḫḋ᷿ḭᶎ∆ ᶆᵡᶪ ᵫᵡᶩᴲ

ḟḵ᷅ḱḦᴻᵫᶷ᷿᷄ḯḻᶱ ᵲᵸ ᵡᶩᶝᵺᶲᴳᶝᵾᴲ ᶉ

ḁ᷄ḱḋḉḙḋḑᴴḩḪḲᴻᶆᵡᶪ ᶡᵡᶩᴲᵼᶫᶊᶎḟḵ᷅ḱḦ

ᴻᵫ᷂ḫḋ᷿ḭᶱ ᵸᶪ ᶊ≥ ᶊḏᴻḇᶱ᷂ḫḋ᷿ḭᶊ┌

ᵸᶪ ᵫᵡᶩᶝᵸᴳ ᵮᶍ GPU ᶊᶎᴲ Ḳḅᴻḁᶆ ᵴᶫ

ᶪḏᴻḇᶗᶍ ᶷ᷄ḃḁᶱ ᵸᶪ ᶍḩḪḲᴻḟᴻḳᶡᵡ

ᶩᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 
 15 - 1.  ╗ ᶉ GPU ḛḳḏᶸḻ᷅ᴴḞḵḋ ᷄-  ḁ᷆ᴻḳᵶᶝᵺ  ɸ
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ᶧᶩ᷿ḻḟḳᶉḟḵḃḋ᷊  ᴻ(ᵾᵿᵶᴲ ᶎ )r  

 

ᴲ᷅ḱḝᶸḋ᷄ḁ ᶱ ᵸᶪ GƎPU ᶎ ᶍḏᴻḇᶱ ᵶᶝᵸᴳ

ᵾᶇᵧᶏᴲ╗ ᶉ᷇ᴻḨḝḴᴻḨᶝᵾᶎḴḻḈḲḻ᷅ᴴḷᴻ᷄ḵᴻḑᶊᶎᴲḝḴᴻ

Ḩᵳᶇᶊ ᶍḜ᷄ḃḳᶱ ᵸᶪ ᶍḘᴻḎḋ᷄ḁᵫ ᶝᶫᶝᵸᴳᶹḻḇḱ

᷄ḎᶸḞᶉḝḴᴻḨḴᴻḐᶱ┐ ᵸᶪᶊᶎᴲᵲᶫᶨᶍ ᶍḏᴻḇᶱᶆᵬᶪᵿᵰ

ᵮ ᵸᶪ ᵫᵡᶩᶝᵸ  G

 

╗ ᶉ GPU ᶍḐḴᴻḑᶿḝᶎ  Ǝ15 -2  ᶊ ᵸᶧᵥᶊᴲ᷿ḻ᷅ḳḁḴḋ

ḑᶍḙḝᶾᴻḦḻḁᶱ ᵸᶪטּ Ḳḅᴻḁᶱ ᵸᶪḟḵḃḋ᷊ᴻᵪᶨ

ᶱ ᵶᴲᵼᶍ ᶱ ᶍḟḵḃḋ᷊ᴻᶇᵶᶅנּ ᵸᶪᵲᶇᶆᵸᴳᵾᶇᵧᶏᴲGPU 

ḟḵḃḋ᷊ᴻᶊᶎᴲ ḟḵḃḋ᷊ᴻᶆ ᵴᶫᶪ ᶉᶷᶻḐᶿḞᶿᴻḈᴻ

ᶣ ᵫ ᶝᶫᵣᶉᵣ ᵫᵡᶩᶝᵸᴳᵲᶍᶧᵥᶉḐḴᴻḑᶿḝᶊᶧᶩᴲ ╗

ᶍḏᴻḇ  ɵGPU ᶆ ᵸᶪ ᶎ ᶍḟḵḃḋ᷊ᴻᶧᶩᶡ ᵮᶉᶪּס

ᵫᵡᶩᶝᵸᵫᴲḟḵḃḋ᷊ᴻᶍ ᵫ ᵣᶚᶈGƎPU ᶎ ᵮᶍḏᴻḇ ᶱ ᵪ

ᶃ ᵮ ᶆᵬᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 
 15 - 2.  GPU ḟḵḃḋ᷊ᴻᶎ᷿ḻḟḳᶆᵸᵫᴲ ᵡᶩᶝᵸ 

 

᷀ᴻḕḳᶍ ᶊᵲᶍḐḴᴻḑᶿḝᶱ ᵸᶪᶊᶎGƎPU ᶆ ᵸᶪᶍᶊ

ᶉ ∫ᶍḏᴻḇ ᶱ ᵧᶪᵲᶇᵫ ᶆᵸᴳ ∫ᶍḏᴻḇᶱᶿḝḵᴻḑᵸᶪ

ᵲᶇᶍ ᶱ ᵸᵾᶠᶊᴲ ᶱ ᵷᶅ ᵶᶅᵬᵾ ᷀ᴻḕḳᶱ ᵧ

ᶅᶞᶝᵶᶦᵥ  G
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ᶊ ᵸᶪ ≥   

 

ᶆᶎᴲ ᷀ᴻḕḳᶱ ᵶᶅᴲ᷀ᴻḕḳᶍ ᶣ᷀ᴻḕḳᶍḏ

ᶸḁḙḋḉ ᵫᶈᶍᶧᵥᶊḙḝᶾᴻḦḻḁᶊ☼ ᵸᶪᵪᶱ ᵶᶝᵸᴳ

ᵲᶍ ᶆ ᵸᶪ ᶱ ᵸᶪᶇ ᶍḙḝᶾᴻḦḻḁᶎ ᶊ

ᵶᶝᵸᵫᴲ ᶎ ᶊ ᵪᶃ╗ ᶉ ᶆᵡᶪᵾᶠᴲ ᵮ

ᶍḗᴻḑᶻᶼᶷᴴḡḻḈᴻ (GPU CƎPU FƎPGA DƎSP ᶉᶈ) ᵫ

ᶱ ᶟ ᵮᶍ ᶊ ᵴᶫᵾḳᴻḉḻᶱ ᵶᶅᵣᶝᵸᴳḡḻḈᴻᶎᴲ

ᶍḏḘᶹḁᶍ ᶇ ᶊ ᶇ ᶱ ᶣᵶᶅᵩᶩᴲ ᶊᶧ

ᶂᶅᶎ ᷀ᴻḕḳᶆᶎ ᶝᵾᶎ סּ ᶉ ᶣ ᶱ ᵸᶪᵲᶇ

ᶡᵡᶩᶝᵸ  G 

 

ḡḻḈᴻ ᶍḱᶹḞḱḲᴻᶱ  

 

ḡḻḈᴻᵫ ᶍḱᶹḞḱḲᴻ ᶱ ᵸᶪ ᴲᵼᶍ ᶱ᷀ᴻḕ

ḳᶇᵶᶅ ᵸᶪᶧᶩᶡᴲᶚᶇᶲᶈᶍ ḱᶹḞḱḲᴻᶱ ᵸᶪ

ᵫ ᶆᵸ oGneAPI ᶊ ᶝᶫ  ᶅoneMKL ḟḵḀᶼ᷄ḐᶆᶎᴲᶹḻḎ

ḳᶎ MKL nƎVIDIA ᶎ cuBLAS AƎMD ᶎ hipBLAS ᶱ ᶒ ᵸᶹ

ḻḇᴻḝᶼᶹḁᶱ ∏ᵶᶅᵣᶝᵸᴳᵲᶍᶧᵥᶉᶹḻḇᴻḝᶼᶹḁᵫ סּ

ᶆᵡᶫᶏᴲ ᵫ ᶊᶉᶩᶝᵸᵫᴲᵼᵥᶆᶉᵣ ᶎᴲḇᴻ᷇ḋḐᴴ

ḗᴻḑᶻᶼᶷᶊ ᶉḱᶹḞḱḲᴻᶱ ᵶᶅᵣᶪᵲᶇᶱ ᵸᶪᵾᶠᴲ

ᶍ ᶱ ᵥ ᵫᵡᶩᶝᵸ  G

 

 

᷀ᴻḕḳᶎᴲ ╗ᶍḇḁ᷄ᶇᵶᶅ᷂ḭᴻᶊ ᵸᶪᵲᶇᶆᴲGPU ᶆ

ᶊ ᶆᵬᶝᵸᴳᵲᶍ ᷀ᴻḕḳᶍ ᶎᴲḣḁḐ CPU ᶆ ᵴ

ᶫᶪ ᶇᶝᶂᵾᵮ ᵷᶆᵡᶩ  Ǝ15 -3  ᶊ ᵴᶫᶅᵣᶝᵸ  G 

 

 

 

 



 

 

388  

 

 
h. single_task ([=]() {  

for  ( int  m = 0; m < M; m++) {  

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

T sum = 0;  

for  ( int  k = 0; k < K; k++) {  

sum +=  matrixA [m * K + k] * matrixB [k * N + n];  

}  

matrixC [m * N + n] = sum;  

}  

}  

});  

 
 15 - 3.  ᷿ḻ᷅ḳḇḁ᷄ᶍ ᶎ CPU ḣḁḐ᷈ᴻḑᶊ ᶅᵣᶝ  н

 

ᵲᶍ᷀ᴻḕḳᶎ CPU ᶆ ᶉᵮ ᶆᵬᶪᶆᵶᶦᵥCGPU ᶍ ᶱ

ᵸᶪᵲᶇᶎ ᵴᶫᶅᵣᶉᵣᵾᶠᴲḙḝᶾᴻḦḻḁᶎᵼᶫᶚᶈ ᵮᵡᶩᶝᵺ

ᶲᵫᴲ ᵴᶉ ᷊ᶹḂᶆᵡᶫᶏ ᶊ ᶉḙḝᶾᴻḦḻḁᵫ ᶨᶫᶪּס

ᵫᵡᶩᶝᵸ  Gᵾᵿᵶᴲ  15 -4  ᶊ ᵸᶧᵥᶊᴲᵲᶍ᷀ᴻḕḳ ɵGPU ᶆ ᵸᶪ

ᶇᴲ ╗ᶍḇḁ᷄ᵫ 1 ᶃᶍ GPU ḟḵḃḋ᷊ᴻᵶᵪ ᵶᶉᵣᵾᶠᴲ ᶊ ᵣ

ḙḝᶾᴻḦḻḁᶱ ᵸᶆᵶᶦᵥᴳ 

 

 
 15 - 4.  GPU ᶍ᷿ḻ᷅ḳḇḁ᷄ᴴ᷀ᴻḕḳᶎ ᵮᶍ Ḳḅᴻḁᶱᶷᶹḑḳ ᶊᵸᶪ 
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ᶍ  

 

CPU ᶇ GPU ᶍ ᶆᵲᶍ᷀ᴻḕḳᶍḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪᶊᶎᴲḳᴻ

ḟ  ɵparallel_for  ᶊ ᵬ ᵧᶅᴲ╗ ᶍḏᴻḇ ᶱ ᵸᶪᶧᵥᶊ

ᵶᶝᵸᴳ ᷀ᴻḕḳᶆᶎᴲ ᶡ ᶍ 2 ᶃᶍḳᴻḟᶍᵣᵹᶫᵪᶱ ᵸḏ

ᴻḇ ᶍ ∫ᶱ ᵸᶪᵲᶇᶱ ᶆᵬᶝᵸ G  15 - 5  ᶆᶎᴲ ᶍ ᶱ

ᶊ ᵸᶪᵲᶇᶱ ᵶᶅᵣᶝᵸ G

 
h. parallel_for ( range {M}, [=]( id <1> idx ) {  

int  m = idx [ 0];  

 

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

 T sum = 0;  

 for  ( int  k = 0;  k < K; k++) {  

 sum += matrixA [m * K + k] * matrixB [k * N + n];  

 }  

 matrixC [m * N + n] = sum;  

 }  

});  

 
 15 - 5.  ᵡᶪ ᶉ  

 

ᶍ ᶱ   

 

ᶈᶍ ᶱ ᵸᶪᵪטּ ᵸᶪᵲᶇᶎ GƎPU ᶇ ᶍḏḘᶹḁḇᶹḟᶍ

ᶆᶷḟḲ᷆ᴻ᷿ḯḻᶱḉḭᴻḓḻ᷅ᵸᶪ ᶉ ᶍ 1 ᶃᶆᵸᴳᵲᶍ ᶍ

∙ ᶍḃ᷿᷄ḯḻᶆᶎ1Ǝ ᶃᶍ ᶆ ᵸᶪᶇᴲטּ ᶍ ᶆ ᵸᶪטּ

ᶧᶩᶡḙḝᶾᴻḦḻḁᵫ ᵸᶪּס ᵫᵡᶪᵣᵮᶃᵪᶍ ᶱ ᵶᶝ

ᵸ  G

 

 

ᵡᶪ ᵴᶫᵾ᷀ᴻḕḳᶎ᷿ḻ᷅ḳḇḁ᷄ᴴ᷀ᴻḕḳᶇטּ ᶅᵣᶝᵸᵫᴲ

CPU ᶆᶎᶧᶩ ᶊ ᵴᶫ GƎPU ᶆᶎᵴᶨᶊ ᶊ ᵴᶫᶪᶎᵹᶆᵸᴳ  

15 -6  ᶊ ᵸᶧᵥᶊ pƎarallel_for  ᶱ ᵸᶪᶇᴲ וֹ ᶍ ᶱ ᵸḷᴻ᷄

ᶱ ᶍḟḵḃḋ᷊ᴻᴴḲḅᴻḁᶆ ᶊ ᶆᵬᶪᵾᶠᴲᵸᶘᶅᶍ Ḳḅ

ᴻḁᶱḛḀᴻ ᶊ┐ ᶆᵬᶝᵸ  G
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 15 - 6.  ᵡᶪ ᵴᶫᵾ᷀ᴻḕḳᶎטּ ᵮᶍḟḵḃḋ᷊ᴻᴴḲḅᴻḁᶱ  

 

ᶱ ᵶᶅ│ᶉᶪḟḵḃḋ᷊ᴻᴴḲḅᴻḁᶊ ᶩ ᶅᶪ ᶉ ᶎ ᵴ

ᶫᶅᵣᶉᵣᵾᶠᴲḏḘᶹḁ ᶆ᷀ᴻḕḳᶱ ᶊ ᵸᶪ ᶱ ᵸᶪ

ᵫ ᵧᶨᶫᶅᵣᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳᵾᶇᵧᶏᴲḟḵḃḋ᷊ᴻ ᶆ ·ᶍ

ᶱ ᵶᶅ ᵸᶪ ᶮᶩᶊᴲ ᶆᶎᴲ ᶍ ᶱ ᶪᵾᶠᴲ ╗ḟḵḃḋ

᷊ᴻ ᶆ ᵶᵾ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸ G

 

ᶍ  

 

ᶍ ᶍḳᴻḟᶱ ᶊ ᵸᶪᵲᶇᶆᴲ ᷀ᴻḕḳᶱᵴᶨᶊ טּ

ᶆᵬᶝᵸᴳ  15 -7  ᶊ ᵸᶧᵥᶊ pƎarallel_for  ᶎ  3 ᶍ ḳᴻḟ

ᶱ ᶆᵬᶝᵸᴳ  15 - 7  ᶆᶎ pƎarallel_for  ᶊ ᵴᶫᶪ ∫ᶇ

ᶍᶹḻḏḋ᷄ḁᶱ ᵸ ᶍ ᵫ 2 ᶆᵡᶪᵲᶇᶊ ≥ᵶᶅᵮᵿᵴᵣ G 
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h. parallel_for ( range {M, N}, [=]( id <2> idx ) {  

int  m = idx [ 0];  

int  n = idx [ 1];  

 

T sum = 0;  

for  ( int  k = 0; k < K; k++) {  

sum += matrixA [m * K + k] * matrixB [k * N + n];  

}  

 

matrixC [m * N + n] = sum;  

});  

 
 15 - 7.  ᵴᶨᶊ ᶉ  

 

ᶱ ᵸᶪᶇנּ GƎPU ᶆ ᵶᵾᶇᵬᶍ ᷀ᴻḕḳᶍḙḝᶾ

ᴻḦḻḁᵫ ᵸᶪּס ᵫᵡᶩᶝᵸᴳ ᶍ ᵫ GPU ḟḵḃḋ᷊ᴻᶍ ᶱ

ᵧᶪ ᶆᶡᴲᵲᶫᶎ ᶅᶎᶝᶩᶝᵸᴳ ᶍḃ᷿᷄ḯḻᶆᶎᴲᵲᶍᶧᵥᶉ ᶊ

ᶉᶪּס ᶍ ᶊᶃᵣᶅ ᵶᶝᵸ  G

 

ᵴᶫᵾטּ ḵḀḋ  ᷄(SIMD )  

 

ᵮᶍ GPU ḟḵḃḋ᷊ᴻᶆᶎᴲᶚᶇᶲᶈᶍḏᴻḇ ᵫ᷀ᴻḕḳᶱ ᵶᶅ ᵷ

ḝḵᴻḙḁᶱ ᵸᶪ ᵫᵡᶪᶇᵣᵥ ᶱ ᵶᶅᴲ ḵḀḋ᷄ᶱ

ᵶᶝᵸᴳᵾᶇᵧᶏᴲטּ ᷀ᴻḕḳᶆᶎᴲḳᴻḟ ᶎ ᶆᵡᶪᵾᶠᴲ

ḏᴻḇ ᶎ ᶡ ᶍḳᴻḟᶱ ᵷ ᵶᶝᵸ G

 

ḏᴻḇ ᵫ᷀ᴻḕḳᶍ ᵷ ḝḵᴻḙḁᶱ ᵸᶪ ᴲḟḵḃḋ᷊ᴻᶎᴲ

ᶍḏᴻḇ ᶆ ḵḀḋ᷄ᶱ ᵶᴲᵼᶫᶨᶱ᷅ḳᴻḟᶇᵶᶅ ᵸᶪ

ᵲᶇᶆ ḁḐḲᴻḨᶍ ᷈ḁḐᶱ ᶆᵬᶝᵸᴳᵲᶫᶱ ᵸᶪ 1 ᶃᶍ

ᶎᴲ ╗ ḏᴻḇ ( SIMD ) ḃḋḐᶱ ᵸᶪᵲᶇᶆᵸᴳᵲᶍ ḃḋ

Ḑᶆᶎᴲ ᶍḏᴻḇ ᵫ ╗ᶍ ᶊᶧᶂᶅ ᶊ ᵴᶫᶝᵸᴳ  
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ḁḴḋḑᶇ ḁḐḲᴻḨ  
 

ᵮᶍ ḟḵ᷅ḱḧḻ᷅ᶍ᷈ḻḎ᷂ḁḐ ɥGPU ᶍ ᶆᶎᴲᵆḁḴḋḑᵇ

ᶇᵣᵥ ᶎᵆ ḁḐḲᴻḨᵇᶍ≥ ᶆ ᵴᶫᶅᵣᶝᵸᴳᵲᶫᶨᶍ᷈ḻḎ

᷂ḁḐᶆᶎᴲᵆḁḴḋḑᵇᶎ ᶍᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᶍḁḴḋḑᶇᶎ

│ᶉᶩᶎᶪᵪᶊ ᶆᵸᴳᵾᵿᵶᴲ ᶊᵼᵥᶆᶎᶉᵮᴲ ᶊᶧᶂᶅᶎᴲᵆḁ

Ḵḋḑᵇᵫᶝᶂᵾᵮ│ᶉᶪᶡᶍᶱ ᵸᶪᵾᶠᶊ ᵴᶫᶪᵲᶇᶡᵡᶩᶝᵸᴳ 

 

ᵆḁḴḋḑᵇᶇᵣᵥ ᶎᴲGPU ḡḻḈᴻ ᶆᶡᵴᶝᵵᶝᶉ ᵫᵡᶩᴲ

ᶱ ᵮ ᶫᵫᵡᶪᵾᶠᴲᵲᶍ ᶆᶎᵆ ḁḐḲᴻḨᵇᶇᵣᵥ ᶱ ᵶ

ᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 15 - 8.  4 ḷᶹḑ SIMD ḟḵḃḋ᷊ :ᴻ 4 ᶃᶍ ALU ᵫḝᶼḋḉ/ḏ᷈ᴻḑḵḀḋ᷄ᶱ  

 

1 ᶃᶍ ᶆ ᶊ ᵴᶫᶪḏᴻḇ ᶍ ᶎᴲ ᶍ SIMD  (ḷᶹḑ)ᴲ

ᶝᵾᶎ ᶱ ᵸᶪḟḵḃḋ᷊ᴻᶍ SIMD  (ḷᶹḑ)  ᶇ ᶏᶫᶝᵸ  G 

 15 -8  ᶆᶎ 4Ǝ ᶃᶍ ALU ᵫ ᵷ ḵḀḋ᷄ᶱ ᵶᶅᵣᶪᵾᶠᴲᵲᶫᶎ 4 

ḷᶹḑ SIMD ḟḵḃḋ᷊ᴻᶇᶉᶩᶝᵸ G
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SIMD ḃḋḐᶱ ᵸᶪᶍᶎ GPU ḟḵḃḋ᷊ᴻᵿᵰᶆᶎᵡᶩᶝᵺᶲᴳ

ᶍḟḵḃḋ᷊ᴻᴴḇᶹḟᶆᶡᴲ ḏᴻḇᶍ ᶱ ᵴᵺᶪᵾᶠ SIMD 

ḃḋḐᵫ ᵴᶫᶅᵣᶝᵸGGPU ḟḵḃḋ᷊ᴻᶇ ᶍḇᶹḟᶍḟḵḃḋ᷊ᴻᶍ

ᶉ┴ᵣᶎ GƎPU ḟḵḃḋ᷊ᴻᶎ ᶫᵾḙḝᶾᴻḦḻḁᶱ ᵸᶪᵾᶠᴳ ᶍ

ḏᴻḇ ᶱ ᶊ ᵶᴲ ᶍḇᶹḟᶍḟḵḃḋ᷊ᴻᶧᶩᶡ ᵣ SIMD ᶱ᷊

ḥᴻḐᵸᶪּס ᵫᵡᶪᵲᶇᶆᵸᴳᵾᶇᵧᶏGƎPU ḟḵḃḋ᷊ᴻᵫ 16 3Ǝ2 ᴲᶝᵾ

ᶎᵼᶫ∙ ᶍḏᴻḇ ᶍ SIMD ᶱ᷊ḥᴻḐᵸᶪᵲᶇᶎ ᵶᵮᵡᶩᶝᵺᶲᴳ 

 

ḟḵ᷅ḱḧḻ᷅ᴴḪḏḳ: SPMD ᶇ SIMD  
 

GPU ḟḵḃḋ᷊ᴻᶎᵴᶝᵵᶝᶉ ᶍ SIMD ḃḋḐᶱ ᵶᶅᵣᶝ

ᵸᵫᴲᵲᶫᶎ Ḵḡḳᶍ ᶆᵡᶩ GƎPU ḟḵḃḋ᷊ᴻᶆḏᴻḇ ᷀

ᴻḕḳᶱ ᵸᶪᶷḟḲ᷆ᴻ᷿ḯḻᶊᶎ ᶆᵸᴳᵲᶫᶎᴲ ᵮᶍ GPU 

᷈ḻḙᶹḱᴻᶇḱḻḇᶹḨ API ᵫᴲ ╗ḟḵ᷅ḱḨ ḏᴻḇ (SPMD) 

ḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶱ ᵸᶪᵾᶠᶆᵸᴳᵲᶍḪḏḳᶆᶎᴲGPU ᷈ḻ

ḙᶹḱᴻᶇḱḻḇᶹḨ API ᵫ SƎIMD ᶱ ᶊ ᵸᶪᶍᶆᶎᶉ

ᵮ SƎIMD ḁḐḲᴻḨᶆ ᵸᶪ ᶡ ᵣḏᴻḇ ᶍ᷅ḳᴻḟ

ᶱ ᵶᶝᵸᴳ  9 ᶍ᷊Ḟ᷅ḳᴻḟᶍḃ᷿᷄ḯḻᶆᶎᴲᶷḟḲ᷆ᴻ᷿ḯ

ḻᵫḏᴻḇ ᶱ᷅ḳᴻḟּטᵸᶪ᷆ᴻḁᶊᶃᵣᶅ ᵶᶅᵣᶝᵸᴳ 

 

 

 15 -9  ᶆᶎᴲ Ḳḅᴻḁ  ɵ4 ḷᶹḑ SIMD ᶱ᷊ḥᴻḐᵸᶪᶧᵥᶊ

ᵶ 4Ǝ ᶍ ᶱ ᶆᵬᶪᶧᵥᶊᵶᶅᵣᶝᵸ G
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 15 - 9.  SIMD ḟḵḃḋ᷊ᴻ ᶆᵡᶪ ᵴᶫᵾ᷀ᴻḕḳᶱטּ  

 

ᶍḏᴻḇ ᶱ ᶊ ᵸ  ᶅSIMD ᶎᴲ  15 - 5  ᵩᶧᶒ 15 - 7  

ᶍ ᷀ᴻḕḳᶍḙḝᶾᴻḦḻḁᶱḟḵḃḋ᷊ᴻ ᶊᵪᵪᶮᶨᵹ ᶆ

ᵬᶪ ᶍ 1 ᶃᶆᵸ  GSIMD ᶱ ᵸᶪᶇᴲ ᵸᶪḏᴻḇ ᶱ ᵷḟ

ḵḃḋ᷊ᴻᶆ ᵸᶪᵲᶇᶊᶧᶩᴲ ᶉᶈ ᵮᶍ ᶊ ᶉ ᶍ

ᶡ ᶨᶫᶝᵸ  G

᷀ᴻḕḳᶎḟḵḃḋ᷊ᴻ ᶍ ᶇᴲḟḵḃḋ᷊ᴻ ᶍ ᶍּג

ᶱ ᵰᶝᵸ  G

ᵬᶇḦḁ  ᷄

 

ᶍḏᴻḇ ᶆ ḁḐḲᴻḨᶱ ᵸᶪᵲᶇᶎᴲᵸᶘᶅᶍḏᴻḇ ᵫ

᷀ᴻḕḳ ᶍ ᵬ᷈ᴻḑᶆ ᵷḙḁᶱ ᵸᶪ ᶎ ᶊ ᵶᶝᵸᴳḏ

ᴻḇ ᵫ ᵬ᷈ᴻḑᶱ ᵶᶅ│ᶉᶪḙḁᶱ ᶪ ᴲ ḝḵᴻᶎ

ᵸᶪᶇ ᶮᶫᶝᵸ SGIMD ḁḐḲᴻḨᶆ ḝḵᴻᵫ ᵸᶪ ᴲ ᶎᴲ

╗ ᶍḉḫḕḳᵫḦḁ᷄ᶝᵾᶎ ᵬᶆᴲ ᶍ ḝḵᴻḙḁᵫ ᵴᶫᶝ

ᵸ  G 
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ᵲᶫᶊᶧᶩ ᵶᵣ ᵫ ᵴᶫᶝᵸᵫᴲḦḁ᷄ᵴᶫᵾḉḫḕḳᶎ ᶉḷᴻ᷄ᶱ

ᵶᶉᵣᵾᶠᴲ ᶊᶎḙḝᶾᴻḦḻḁᴴ᷈ḁḐᵫ ᵶᶝᵸᴳ 

 

ᵬᶇḦḁ᷄ᶍ ᶞᶱ ᵸᵾᶠᴲ  15 - 10  ᶍ᷀ᴻḕḳᶱ ᵧᶅᶞᶝᵸᴳ

ᵲᶍ᷀ᴻḕḳᶎᴲᵆ ᵇᶹḻḏḋ᷄ḁᶱ ᶃ ḏᴻḇ ᶱ 2 ᶊᵶᴲᵆ ᵇᶹḻ

ḏḋ᷄ḁᶱ ᶃ ḏᴻḇ  ɵ1 ᵹᶃ ᵶᶝᵸ  G

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

auto  condition = i [ 0] & 1;  

if  (condition) {  

dataAcc [i] = dataAcc [i] * 2;  

} else  {  

dataAcc  [i] = dataAcc [i] + 1;   

}  

});  

 
 

//  

 

//  

 
 15 - 10.  ḝḵᴻᶱ ᶃ᷀ᴻḕḳ 

 

ᵲᶍ᷀ᴻḕḳᶱ  15 -8  ᶊ  н4 ḷᶹḑ SIMD ḟḵḃḋ᷊ᴻᶆ ᵶᴲ ᶍ 

4 ᶃᶍḏᴻḇ  ɵ1 ᶃᶍ SIMD ḁḐḲᴻḨᶆ ᵶᴲ ᶍ 4 ᶃᶍḏᴻḇ

ᶱ ᶍ SIMD ḁḐḲᴻḨᶆ ᵸᶪᶧᵥᶊᵶᶝᵸ  G15 -11  ᶎᴲᵲᶍ᷀

ᴻḕḳᵫ ḝḵᴻᶆ ᵶᵮ ᵸᶪᵾᶠᴲḉḫḕḳᶱḦḁ᷄ᵶᶅ ᶱ

ᵸᶪ ᶱ ᵶᶅᵣᶝᵸ  G
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 15 - 11.  ᷀ᴻḕḳᶆּס ᶉḉḫḕḳḦḁ  ᷄

 

SIMD  

 

SIMD ᶎᴲ ᶍḁ᷀ḱᴻ ḁḐḲᴻḨᶇ ᵶᶅᴲSIMD ḁḐḲᴻ

ḨᶍḙḝᶾᴻḦḻḁᵫᶈᶍ ᶂᶅᵣᶪᵪ ᵶᶝᵸ  G15 -11  ᶆᶎᴲ

ḝḵᴻᵫḉḫḕḳ  ɵ2 ᶃᶍ ᵶᵣ᷅ḳᴻḟᶊ ᵶᶅᵣᶪᵾᶠᴲ ᵶᵾ ḝ

ḵᴻ ᶍ ᶎ ᶍ ᶆ ᵴᶫᶝᵸ  G ℓᶍ ᴲ ᵬᵮ│ᶉᶪ᷀ᴻḕ

ḳᶆᶎᴲḟḵḃḋ᷊ᴻᶍ SIMD ᶊ ᵶᶅ ᵫ סᵸᶪּזּ ᵫᵡᶩᶝᵸ G

 

SIMD ḃḋḐᶱ ᵸᶪᵸᶘᶅᶍḟḵḃḋ᷊ᴻᶎSƎIMD ᶊ☼ ᵸᶪ

ḢḒḳḎᶸᴻᶍ☼ ᶱ ᵰᶝᵸᵫGƎPU ḟḵḃḋ᷊ᴻᶎ ᴲ ᶍḟḵḃḋ

᷊ᴻᴴḇᶹḟᶧᶩᶡ  rSIMD ᶱ᷊ḥᴻḐᵶᶅᵣᶪᵾᶠᴲ ḝḵᴻᶱ

ᶊᵶᶅ ᶱ ᵸᶪᶧᵥᶊᶷḳ᷉ḲḂḨᶱטּ ᵸᶪᶇGƎPU ᷀

ᴻḕḳᶍ ᶊטּ ᵫᵡᶩᶝᵸᴳᵲᶫᶎוֹ ᶊּס ᶆᵡᶪᶇᶎ ᶩᶝᵺᶲᵫᴲᵾ

ᶇᵧᶏᴲᶧᶩ ᵶᵾ ᶱ ᵥ ᶊⱲᶂᶅ ᵸᶪᶇᴲטּ ᶍ ᵣ ᶱ

ᵥ ᶊⱲᶂᶅ ᵸᶪᶧᶩᶡḙḝᶾᴻḦḻḁᵫטּ ᵸᶪּס ᵫᵡᶩᶝᵸᴳ  
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SIMD ᶇ ᶍ᷅ḳᴻḟ 

 

ᵲᶫᶝᶆᴲᵲᶍ ᶍ᷀ᴻḕḳᶎᵸᶘᶅᴲ ∫ ᶍ ᶱ᷅ḳᴻḟּטᵶᶉᵣ

ᶉḏᴻḇ ᷀ᴻḕḳᶆᵸᵫᴲḏḘᶹḁᶊ ᶉ᷅ḳᴻḟּטᶱ ᶆᵬᶪ

ᶊᶉᶂᶅᵣᶝᵸᴳᵾᶇᵧᶏSƎIMD ᶍ ᵣḏḘᶹḁᶆᶎᴲ᷅ḳᴻḟᶱ ᵬᵮᵸ

ᶪᵲᶇᵫ ᵴᶫᶝᵸᵫ SƎIMD ᶍ ᵣḏḘᶹḁᶆᶎᴲ᷅ḳᴻḟᶱ ᵴᵮᵶᶅ

ᶡ ᶉᵣ ᵫᵡᶩᶝᵸ  G

 

᷀ᴻḕḳᵫḷᴻ᷄ ᶍ ᶉ᷅ḳᴻḟּטᶱ ᵧᵾ ND - range ᷀ᴻḕḳᶆ

ᵡᶪ SƎIMD ᶱ ᵸטּ  ᶅND - range ᶍḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᶱ

ᵸᶪᶧᵥᶊᵸᶪ ᵫᵡᶩᶝᵸᴳḷᴻ᷄᷅ḳᴻḟᶍ᷊ᶹḂᵫḟḵḃḋ᷊ᴻᶍ 

SIMD ᶆ ᶊ ᶩ ᶫᶉᵣ ᴲḷᴻ᷄᷅ḳᴻḟᶍ╗ ᵫ᷀ᴻḕḳᶍ

ᶆḉḫḕḳᶱ ᶊᵶᶅ ᵴᶫᶪᵲᶇᵫᵡᶩᶝᵸᴳ

preferred_work_group_size_multiple  ᶍḏḘᶹḁ ᶍ᷀ᴻḕḳ

ᶱ ᵶᶅᴲ ᵣḷᴻ᷄᷅ḳᴻḟᴴ᷊ᶹḂᶱ ᶆᵬᶝᵸᴳḏḘᶹḁᶍḟḵḙ

Ḏᶸᴻᶱ ᵸᶪ ᶍ ᶊᶃᵣᶅᶎᴲ  12 ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

ᵮᶍ GPU ᶎ 1 ᶃᶱ ᵮᵸᶘᶅᶍ SIMD ḉḫḕḳᶱḦḁ᷄ᵶᶅ ╗ḷᴻ᷄

ᶍḷᴻ᷄᷅ḳᴻḟᶱ ᵸᶪᵾᶠᴲ ╗ḷᴻ᷄ ᶆ ᵴᶫᶪḷᴻ᷄᷅ḳ

ᴻḟᴴ᷊ᶹḂᶱ ᵸᶪᶇᴲḙḝᶾᴻḦḻḁᵫ ᶊ סᵸᶪּזּ ᵫᵡᶩᶝᵸᴳ

ᵾᶇᵧᶏᴲ  15 -12  ᶍ᷀ᴻḕḳᶎᴲ  15 -5  ᶍᶧᵮ ᵾ᷀ᴻḕḳᶧᶩᶡḙḝᶾ

ᴻḦḻḁᵫ ᶊ סᵸᶪּזּ ᵫᵡᶩᶝᵸ2G ᶃᶍ᷀ᴻḕḳᶍ ᵬᶉ┴ᵣᶎᴲ

ᶉḏᴻḇ ᷀ᴻḕḳᶇ ᶉ ╗ḷᴻ᷄ ᶍ ND -range ᷀ᴻḕ

ḳ (nd_range<1>{M, 1} ) ᶆᵸ  G
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h. parallel_for (  

 nd_range <1>{M, 1}, [=]( nd_item <1> idx ) {  

 int  m = idx . get_global_id ( 0);  

 

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

 T sum = 0;  

 for  ( int  k = 0; k < K; k++) {  

 sum += matrixA [m * K + k] * matrixB [k * N + n];  

 }  

 matrixC [m * N + n] = sum;  

 }  

 });  

 

 15 - 12.  ᶉ ╗ ᴲᵡᶪ ᶉ  

 

ḷᴻ᷄ᶍ ᶩ ᵧᶇḴᶹḎḻ᷿ᴻᶍ╬ 

 

ᵮᶍ GPU ᶆᶎᴲ ḵḀḋ᷄ᶱ ᵶᴲטּ Ḳḅᴻḁᶱ ᶊ ᵶᴲḙ

ḝᶾᴻḦḻḁᶱ ᵴᵺᶪᵾᶠᴲᶡ v1 ᶃᶍ ᶱ ᵶᶝᵸᴳᵼᶫᶎᴲḟḵḃḋ

᷊ᴻ ᶆ ╗ᶍ ḁḐḲᴻḨᶱ ᵸᶪ ᶮᶩᶊᴲḟḵḃḋ᷊ᴻ ᶊ ᶍ

ḁḐḲᴻḨᶱ ᶊ ᵴᵺᶪᵲᶇᶆᵸᴳ  

 

ḟḵḃḋ᷊ᴻ ᶊ ᶍ ḁḐḲᴻḨᶱ ᵴᵺᶪᵲᶇᶎᴲ ḟḵḃḋ᷊ᴻᶆ

ᵸᶪḷᴻ᷄ᶍ ᶱ ᵧᶪᵾᶠ ♬ᶆᵸ1G ᶃᶍ ḁḐḲᴻḨᵫḩḪḲᴻ

ᵪᶨᶍ ᶞ ᶩᶉᶈᴲḴᶹḎḻ᷿ᴻᶍ ᵣ ᶱ ᵶᶅᵣᶪ ᴲḟḵḃḋ᷊ᴻ

ᶎ ᶍ ᶱ ᵸᶪᵲᶇᶉᵮᴲ ᵫᶆᵬᶅᵣᶪ ᶍ ḁḐḲᴻḨᶊ

ᶩ ᵧᶪᵲᶇᵫᶆᵬᶝᵸ G ᶉ ḁḐḲᴻḨᵫᵡᶫᶏᴲḟḵḃḋ᷊ᴻᵫ ᶍ

ḁḐḲᴻḨᶊ ᶪᶝᶆᶊᴲḟḵḃḋ᷊ᴻᶱ ᵴᵺᵹᶊᴲḴᶹḎḻ᷿ᴻᶍ ᵣ

ᶱ ᶆᵬᶪּס ᵫᵡᶩᶝᵸ  G

 

 15 -13  ᶎᴲḟḵḃḋ᷊ᴻᵫ ᶍ ḁḐḲᴻḨᶱ ᵶᶅḴᶹḎḻ᷿

ᴻᶱ╬ ᵶᴲḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪ ᶱ ᵶᶅᵣᶝᵸᴳ ᶍ ḁḐḲ

ᴻḨᶆᶎ ᶍḁḐḲᴻḨᶆ ᵸᶪᶍᶊ ᵶ ᵫᵪᵪᶩᶝᵶᵾᵫᴲ ᶍ

ḁḐḲᴻḨᶊ ᶩ ᵧᶪᵲᶇᶆᴲḟḵḃḋ᷊ᴻᶎ ᵫᶆᵬᶅᵣᶪḷᴻ᷄ᶱ

ᶆᵬᴲ ᵣ ᶍ ᶱ ᵸᶪ ᵫᶉᵮᶉᶩᶝᵶᵾᴳ 
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 15 - 13.  ḁḐḲᴻḨᶍ ᶩ ᵧᶊᶧᶪḴᶹḎḻ᷿ᴻᶍ╬ 

 

GPU ḟḵḝᶶᶹḳᴴḌᴻḳᶎGƎPU ḟḵḃḋ᷊ᴻᵫ ᵶᶅᵣᶪ ḁḐḲᴻ

Ḩ ᶇ ᶍ ḁḐḲᴻḨ ᶱ ᵸᶪ ᴲ ᶉᶈᶍ ᶱ ᵣᶅ

ᶮᵸᵲᶇᵫᵡᶩᶝᵸ  G

 

ᵫ ᵣᵲᶇᶎᴲ ᵹᵶᶡḙḝᶾᴻḦḻḁᵫ ᵣᵲᶇᶱ≥ ᵶᶝᵺᶲᴳ

ᶍ ḁḐḲᴻḨᶊᶧᶂᶅḟḵḃḋ᷊ᴻᵫḛḀᴻ ᶊᶉᶪּס ᵫᵡᶪᵾᶠᶆ

ᵸ  G ᶊᴲᵸᶘᶅᶍ ḁḐḲᴻḨᵫ ᶆḴᶹḎḻ᷿ᴻᶍ ᵣ ᶱ ᵸ

ᶪ GƎPU ḟḵḃḋ᷊ᴻᶎ∟ ᶇᵶᶅ ᶍ ᵫᵡᶪᵾᶠᴲ ᵫ ᵣᵲ

ᶇᶎ ᵹᵶᶡḙḝᶾᴻḦḻḁᵫ ᵣᵲᶇᶡ≥ ᵶᶝᵺᶲᴳᵾᵿᵶᴲ ᶍ ᵫ ᵷ

ᶆᵡᶫᶏᴲ ᶱ ᶠᶪᶇ GPU ḟḵḃḋ᷊ᴻᶍḴᶹḎḻ᷿ᴻᶱ╬ ᵸᶪ

ᵫ ᵴᶫᴲḙḝᶾᴻḦḻḁᵫטּ ᵶᶝᵸᴳ ᶍ ᶎ Ǝ15נּ -7  ᶍᵴᶨ

ᶊ ᵴᶫᵾ᷀ᴻḕḳᶆḙḝᶾᴻḦḻḁᵫטּ ᵸᶪּס ᵫᵡ ᶅ(ᶡ  v1 ᶃ

ᶍ) ᶆᵸ  G

 

ᶍ ḁḐḲᴻḨᶱ ᶩ ᵧᶅḴᶹḎḻ᷿ᴻᶱ╬ ᵸᶪ ᶎᴲGPU ᶇḏ

ᴻḇ ᶊ ᵶᶅᵣᶝᵸᴳ  15 -2  ᵪᶨᶮᵪᶪᶧᵥᶊ GƎPU ḟḵḃḋ᷊ᴻᶎ

ᶍḟḵḃḋ᷊ᴻᴴḇᶹḟᶧᶩᶡ᷿ḻḟḳᶆᵡᶪ ᵫ ᵮᴲ ᶉḴᶹḎḻ᷿ᴻᶍ

╬ ᵫᵡᶩᶝᵺᶲ  Gᵲᶫᶊᶧᶩ GƎPU ḟḵḃḋ᷊ᴻᶎḴᶹḎḻ᷿ᴻᶍ☼ ᶱ

ᵰᶣᵸᵮᶉᶩᶝᵸᵫᴲḏᴻḇ ḟḵ᷅ḱḧḻ᷅ᶊᶎ ᶍḏᴻḇ ᵫ ᶝ

ᶫᶪᵾᶠ GƎPU ḟḵḃḋ᷊ᴻᶊᶎ ᵸᶪ ḁḐḲᴻḨᵫ ᶊᵡᶩᶝᵸᴳ 
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᷀ᴻḕḳ  ɵGPU ᶗᶿḝḵᴻḑ 
 

ᵲᶍḃ᷿᷄ḯḻᶆᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᴲSYCL ḱḻḇᶹḨᴴḱᶹḞḱḲᴻᴲᵩᶧᶒ 

GPU ḅḝḐᶻᶼᶷᴴḑḱᶹḘᴻᵫ ᵶᶅᴲ᷀ᴻḕḳᶱ GPU ḗᴻḑᶻᶼᶷᶊᶿḝ

ḵᴻḑᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵸ G  15 -14  ᶍ ᶎᴲᵲᶫᶨᶍ ḴᶹḬטּ

ᴻᶱ ᵧᵾ╗ ᶉḅḝḐᶻᶼᶷᴴḁḇḋ᷄ᶱ ᵶᶅᵣᶝᵸᴳ ᵮᶍ ᴲᵲᶫᶨᶍ

ḴᶹḬᴻᶎᶷḟḲ᷆ᴻ᷿ḯḻᶊ ᵶᶅ ᶆᵸᵫᴲᶷḟḲ᷆ᴻ᷿ḯḻᶱḏḘḋ᷅ᶝ

ᵾᶎḟḵḝᶶᶹḳᵸᶪᶇᵬᶎᴲᵲᶫᶨᶍḴᶹḬᴻᶱ ᵸᶪᵲᶇᵫ ᶆᵸᴳ  

 

 

 

 

 

 

 

 

 

 

 
 15 - 14.  ᷀ᴻḕḳ  ɵGPU ᶊᶿḝḵᴻḑ ( (טּ  

 

SYCL ḱḻḇᶹḨᴴḱᶹḞḱḲᴻ 

 

SYCL ḱḻḇᶹḨᴴḱᶹḞḱḲᴻᶎᴲSYCL ᶷḟḲ᷆ᴻ᷿ḯḻᶇᶹḻḇᴻḝᶼᶹḁᵸ

ᶪ ᶉḅḝḐᶻᶼᶷᴴḱᶹḞḱḲᴻᶆᵸᴳḱḻḇᶹḨᴴḱᶹḞḱḲᴻᶎᴲ᷂ḭᴻᴲḘḋ

ḝᶶᴻᴲᶷ᷄ḃ᷊ᴻᶉᶈᶍ᷄ḱḁᶇᵲᶫᶨᶍ᷄ḱḁᶍḩḻḘᴻ ᶍ ᶊ ᵶ

ᶝᵸᴳḱḻḇᶹḨᴴḱᶹḞḱḲᴻᶍ╗ ᶎḠḋḈᴻḝᶶᶹḳᶊᵡᶪ ᵫᵡᶩᴲᵼᶫ

ᶎᶷḟḲ᷆ᴻ᷿ḯḻ סּ ḝᶶᶹḳᶊ ᷈ḻḙᶹḳᵴᶫᶝᵸᴳḱḻḇᶹḨᴴḱᶹ

ḞḱḲᴻᶍ ᶍ ᶎḱᶹḞḱḲᴻ ᶇᵶᶅ ᵴᶫᴲᶷḟḲ᷆ᴻ᷿ḯḻᴴḛḳ

ḑᴴḟḵḃḁᶍ╗ ᶇᵶᶅᶷḟḲ᷆ᴻ᷿ḯḻᶍ סּ ḝᶶᶹḳᶊḲḻ᷄ᵴᶫᶝᵸᴳ

ḱḻḇᶹḨᴴḱᶹḞḱḲᴻᶎ ᴲḏḘᶹḁ ᶆᶎᶉᵮᴲ ᵷḱḻḇᶹḨᴴḱᶹḞḱ

Ḳᴻᵫ CPU GƎPU FƎPGAᴲᶝᵾᶎ ᶍḏḘᶹḁᶗᶍᶿḝḵᴻḑᶱ ᵸᶪ

ᵫᵡᶩᶝᵸ  G
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GPU ḅḝḐᶻᶼᶷᴴḑḱᶹḘᴻ 

 

SYCL ḱḻḇᶹḨᴴḱᶹḞḱḲᴻᵫ GPU ᶊ ᶿḝḵᴻḑᵸᶪᵲᶇᶎ ᶊᶎ

סּ ᶆᵸᵫᴲ ᶊᶎᴲᶚᶇᶲᶈᶍ SYCL ḱḻḇᶹḨᴴḱᶹḞḱḲᴻᶎ GPU ḅḝ

ḐᶻᶼᶷᴴḑḱᶹḘᴻᶱ ᵶᶅḷᴻ᷄ᶱ GPU ᶊ ᵶᶝᵸ  G

 

GPU ḅḝḐᶻᶼᶷᴴḑḱᶹḘᴻᶎ ᴲOpenCL ᴲḴḡḳḄḵCƎUDA ᶉᶈᶍ 

API ᶍ ᶆᵸ GGPU ḅḝḐᶻᶼᶷᴴḑḱᶹḘᴻᶍ ᶎᴲSYCL ḱḻḇᶹḨᵫ

ᶒ ᵸḮᴻ᷾ᴻḪᴻḑᴴḑḱᶹḘᴻᴴḱᶹḞḱḲᴻᶊ ᵴᶫᶅᵩᶩᴲḮᴻ᷾ᴻḪ

ᴻḑᴴḑḱᶹḘᴻᶎᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᶣ᷀ᴻḕḳᴴḪᴻḑᴴḑḱᶹḘᴻᶱ

ᶒ ᵶᶅᴲḩḪḲᴻᶍ ᶩ ᶅᶣḏḘᶹḁᶗᶍḷᴻ᷄ᶍ ᶉᶈ᷿ḁḎḨḴḡḳᶍ

ḇḁ᷄ᶱ ᵸᶪ ᵫᵡᶩᶝᵸ G 

 

Ḯᴻ᷾ᴻḪᴻḑᴴḑḱᶹḘᴻᶎᴲ ᶍḮᴻ᷾ᴻḪᴻḑᴴḱᶹḞḱḲᴻᶱ ᶒ ᵸᵲ

ᶇᶡᵡᶩᶝᵸᴳᵾᶇᵧᶏGƎPU ḑḱᶹḘᴻᶎ GPU ᷈ḻḙᶹḱᴻᶱ ᶒ ᵶᶅᴲ᷀

ᴻḕḳᶱ ᵪ  ʝGPU ISA ( ḃḋḐᴴᶷᴻ᷂Ḏ᷄ḉḫᴻ) ᶊḀḫḁḐᶹḻ

ḇᶹḨᴴ᷈ḻḙᶹḳᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶨᶍḅḝḐᶻᶼᶷᴴḪḀḭᴻḳᶇᵼᶫᶨ

ᶍ ᶱ  15 -15  ᶊ ᵶᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 15 - 15.  ╗ ᶉ GPU ḅḝḐᶻᶼᶷᴴḑḱᶹḘᴻᴴḪḀḭᴻḳ 
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GPU ḗᴻḑᶻᶼ  ʊ

 

ḱḻḇᶹḨᴴḱᶹḞḱḲᴻᶝᵾᶎ GPU ḅḝḐᶻᶼᶷᴴḮᴻ᷾ᴻḪᴻḑᴴḑḱᶹḘᴻᵫᴲ

ᶊḷᴻ᷄ᶍ ᶱ ᵴᶫᵾ ᶣ GƎPU ḅḝḐᶻᶼᶷᵫḚḭᴻḲḁḎᶸ

ḋ᷄ᶆḷᴻ᷄ᶱ ᵸᶪ ᵫᵡᶪᶇ ᵶᵾ ᴲ ᶎᶿḢḴᴻḎᶸḻ᷅ᴴ᷿

ḁḎḨᶣ᷀ᴻḕḳᴴḪᴻḑᴴḑḱᶹḘᴻᶱ ᵶᶅ ᶒ ᵶᶱ ᵣᴲGPU ᶆḷᴻ᷄

ᶍ ᶱ ᵶᶝᵸ  G ᶊᶧᶂᶅᶎ GƎPU ḅḝḐᶻᶼᶷᴴḮᴻ᷾ᴻḪᴻḑᴴḑḱ

ᶹḘᴻᵫ GƎPU ᶊ ḷᴻ᷄ᶱ ᵸᶪᵲᶇᶡᵡᶩᶝᵸᵫᴲᵼᶫᶎᵡᶝᶩ╗

ᶆᶎᶉᵮᴲᵸᶘᶅᶍḏḘᶹḁᶣᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᶆ᷊ḥᴻḐᵴᶫᶪᶮᵰᶆ

ᶎᵡᶩᶝᵺᶲ  G

 

GPU ᶆ ᵴᶫᵾḷᴻ᷄ᶍ ᵫḣḁḐᴴḟḵḃḋ᷊ᴻᶝᵾᶎוֹ ᶍᶷ᷄ḃḱḴ

ᴻḇᴻ ᶊᶧᶂᶅ ᵴᶫᶪᶇ GƎPU ᶎḷᴻ᷄ᵫ ᵶᵾᵲᶇᶱ ᵸ᷿᷅Ḓḳᶱ

ᵸᶪ ᵫᵡᶩᶝᵸᴳḷᴻ᷄ ᶊ ᶉ ᶎᴲḷᴻ᷄ ᶍ ᶇ ᶅᵩ

ᶩᴲ ᶍ ᶆ ᵴᶫᶝᵸᴳᶃᶝᶩᴲGPU ᶎᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᶝᵾᶎ

᷀ᴻḕḳᴴḪᴻḑᴴḑḱᶹḘᴻᶊ ᶍ ᶱ ᵶᴲ ᶊḮᴻ᷾ᴻḪᴻḑᴴḑḱᶹ

Ḙᴻᶊ ᵴᶫᴲ ᶊḱḻḇᶹḨᴴḱᶹḞḱḲᴻᵫ GPU ḅḝḐᶻᶼ  ʊAPI ᶒ

ᵶᶱ ᵶᶅḷᴻ᷄ᵫ ᵶᵾᵲᶇᶱ ᵶᶝᵸᴳ 

 

ᵲᶫᶨᶍ ḁḎḋḟᶆᶎḴᶹḎḻ᷿ᴻᵫ ᵶᴲ ᵮᶍ ᴲḱḻḇᶹḨᴴḱᶹḞ

ḱḲᴻᶇ GPU ḅḝḐᶻᶼᶷᶎᴲḴᶹḎḻ᷿ᴻ ᶇḁḳᴻḟḋḐ ᶍ ᶆḐḴᴻ

ḑᶿḝᶱ ᵣᶝᵸᴳᵾᶇᵧᶏᴲḷᴻ᷄ᶱ GPU ᶊ ᶊ ᵸᶪᶇḴᶹḎḻ᷿ᴻᵫ

ᵴᶫᶪּס ᵫᵡᶩᶝᵸᵫᴲ ᶊ ᵸᶪᵲᶇᶆ ᵳᶇᶍᶿᴻḘᴻḠḋ

ḑᶊᶧᶩḁḳᴻḟḋḐᶡ סᵸᶪּזּ ᵫᵡᶩᶝᵸᴳ ᶍḷᴻ᷄ᶱ ᵸᶪᶇḴ

ᶹḎḻ᷿ᴻᶎ ᵶᶝᵸᵫᴲᶧᶩנּ ᵮᶍḷᴻ᷄ᶊ ᵶᶅ ᶍᶿᴻḘᴻḠḋḑᵫ

ᵴᶫᴲ ᶍּס ᵫ ᵧᶝᵸᴳḱḻḇᶹḨᶇḑḱᶹḘᴻᶎ ᶉḐḴᴻḑ

ᶿḝᶱ ᵥᶧᵥᶊ ᵴᶫᶅᵩᶩᴲ ᶎᵥᶝᵮ ᵶᶝᵸᵫᴲḑḱᶹḘᴻᶍḚḭ

ᴻḲḁḎᶸḋ᷄ᶊᶧᶂᶅḷᴻ᷄ᵫ ᶊ ᵴᶫᶅᵣᶪ ᵣᵫᵡᶪ ᴲḑ᷂ḭ

ḩḻḐᶱ ᵶᶅAƎPI ᶝᵾᶎ ᶍḩ᷀ḓḂḨᶊᶧᶩḏḝᶾḳḐᶍḑḱ

ᶹḘᴻ ᶱᶿᴻḘᴻḱᶹḑᵸᶪ ᵫᵡᶪᵪ ᵸᶪ ᵫᵡᶩᶝᵸᴳ   20 

ᶆ ᵶᵾ API Ḙḋ᷄ᶽḻḑᶇ ᵸᶪ ᶎGƎPU ḥḲ᷿ᴻᶱ

ᵸᶪᶍᶊ ᶀᶝᵸ  G
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ᶿḝḵᴻḑᶍ᷈ḁḐᶊ ≥ 

 

SYCL ᶇ GPU ḡḻḈᴻᶎ GƎPU ᶗᶍḷᴻ᷄ᶍᶿḝḵᴻḑ᷈ḁḐᶱ ᵸ

ᶪᵾᶠᴲ ᵶᶅ ᶇ ᶱטּ ᶂᶅᵣᶝᵸᵫGƎPU ᶆḷᴻ᷄ᶱ ᵸᶪᶇᵬ

ᶇᴲḣḁḐᶝᵾᶎ ᶍḏḘᶹḁᶆ ᶱוֹ ᵸᶪᶇᵬᶍ ᶆᴲ ᶊᶿᴻḘᴻḠḋ

ḑᵫ ᵶᶝᵸᴳᶷḳ᷉ḲḂḨᶱ ᵸᶪ ᶱ ᵸᶪ ᴲḏḘᶹḁ ᶆᶷḳ

᷉ḲḂḨᶱ ᵸᶪ ᶇᴲᶷḳ᷉ḲḂḨᶊ ᶉḏᴻḇᶱḏḘᶹḁᶊ┌ ᵸᶪ᷈

ḁḐᶍ ᶱ ᵶᶅᵮᵿᵴᵣ G ᶊᶧᶂᶅᶎᴲᶷḳ᷉ḲḂḨᶱᵡᶪḟḵḃḋ᷊

ᴻᵪᶨ ᶍḟḵḃḋ᷊ᴻᶊ┌ ᵸᶪᶿᴻḘᴻḠḋḑᶱ ᵸᶪᵾᶠᴲḣḁḐᴴḟḵ

ḃḋ᷊ᴻᶱ ᵶᶅ ᶱ ᵸᶪᵪᴲ ᶆᵸᵫᶷḳ᷉ḲḂḨᶍ᷿Ḳᶷḳ

ᶱ GPU ᶆ ᵸᶪᶍᵫ ᶡ ᵣᵲᶇᵫᵡᶩᶝᵸ G

ᶷḳ᷉ḲḂḨ ᶍḙḝᶾᴻḦḻḁᶱ ᵧᶪᶇᴲᶷḳ᷉ḲḂḨᶍ╗ ᶱ ᶍḏ

Ḙᶹḁᶊ ᵶᶅ ᵸᶪᶧᶩᶡ1Ǝ ᶃᶍḏḘᶹḁᶆ ᶊ ᵸᶪᶍᵫ

ᶡ ᵣ ᵫᵡᶩᶝᵸ  G

ḏḘᶹḁḩḪḲᴻ ᶇᶍ  

 

ḩḪḲᴻᶱ ᵧᵾ GPU ᶆᶎᴲ  GPU ḩḪḲᴻᶇḣḁḐᶝᵾᶎ ᶍḏḘ

ᶹḁ ᶍḩḪḲᴻ ᶍ ᷈ḁḐᶊ ᶊ ≥ᵸᶪ ᵫᵡᶩᶝᵸ  G15 -16  ᶎᴲ

᷿ḁḎḨ ᶍ│ᶉᶪḩḪḲᴻḇᶹḟ ᶍ╗ ᶉḩḪḲᴻ ╓ ᶍ┴ᵣᶱ ᵶᶅ

ᵣᶝᵸ  G
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 15 - 16.  ḏḘᶹḁḩḪḲᴻᴲḲḪᴻḐḩḪḲᴻᴲḣḁḐḩḪḲᴻᶍ╗ ᶉ┴ᵣ 

 

 3 ᶆ ᵶᵾᶧᵥᶊ GƎPU ᶎḣḁḐḩḪḲᴻᶣ ᶍḏḘᶹḁᶍḩḪḲᴻ

ᶆᶎᶉᵮᴲ ᶍḏḘᶹḁḩḪḲᴻᶆ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵲᶫᶊᶧᶩᴲ ┴

ᵣᶊ ᵴᶫᶪטּ ᵫᵡᶩᶝᵸᴳ ḏḘᶹḁḩḪḲᴻᶗᶍᶷ᷄ḃḁᶎᴲḲḪᴻ

ḐḩḪḲᴻᶣ᷿ḁḎḨḩḪḲᴻᶗᶍᶷ᷄ḃḁᶧᶩᶡ ᶆᵸᵫᴲḏᴻḇᵫ ḏḘ

ᶹḁḩḪḲᴻᶊ ᵶᶉᵣ ᶎᴲ᷈Ḝᴻᶝᵾᶎ┌ ᵸᶪ ᵫᵡᶩᶝᵸᴳ  

 

ḏᴻḇᵫ ᶊᶷ᷄ḃḁᵴᶫᶪ ᶩᴲ ḏḘᶹḁḩḪḲᴻᶊ┌ ᵸᶪᵲᶇᶎ

♬ᶆᵡᶩᴲ ᶊ GPU Ḳḅᴻḁᵫ ᶍḇḁ᷄ ᶆḛḀᴻ ᶍ ᶊ

ᶊ ᶆᵬᶪ ᶎ ♬ᶆᵸᴳᵾᵿᵶᴲḏᴻḇᶗᶍᶷ᷄ḃḁ ᵫ ᵣ ᶣ

ᶆᵬᶉᵣ ᶎᴲᶷ᷄ḃḁᵳᶇᶍ᷈ḁḐᵫ ᵮᶅᶡᴲ ᷈ḁḐᶱ ᶨᵶᴲḏᴻḇ

ᶱḲḪᴻḐᶝᵾᶎ᷿ḁḎḨḩḪḲᴻ ᶆ ᵸᶪᵲᶇᵫ ᶝᵶᵣ ᵫᵡᶩᶝᵸᴳ

 6 ᶆᶎᴲḩḪḲᴻᶍ ᶩ ᶅ ᶱ ᵸᶪ ᶇᴲ ᶍḏḘᶹḁḩḪḲ

ᴻᶊḏᴻḇᶱ᷈ḜᴻᵩᶧᶒḟḲḝᶼḋḉᵸᶪ ᶊᶃᵣᶅ ᵶᶅᵣᶝᵸᴳᵲᶫᶨ

ᶍ ᶎ GƎPU ᵰᶊḟḵ᷅ḱḨ ᶱ ᵸᶪᶇᵬᶊטּ ᶆᵸ G
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GPU ᷀ᴻḕḳᶍḡḁḐᴴḟḱ᷄Ḏᶸḁ 
 

ᶍḃ᷿᷄ḯḻᶆᶎpƎarallel_for  ᶊ ᵴᶫᶪḏᶸḁḙḋḉᴴḙḱḩᴻḇᴻᵫᴲ

᷀ᴻḕḳ  ɵGPU ḟḵḃḋ᷊ᴻᶍḲḅᴻḁᶊ ᶩ ᶅᶪ ᶇGƎPU ᶆ᷀ᴻḕ

ḳᶱ ᵸᶪ ᶊ ᵸᶪḅḝḐᶻᶼᶷᴴḴᶹḬᴻᶇᶿᴻḘᴻḠḋḑᶊᶈᶍᶧᵥᶊ

☼ ᵸᶪᵪᶊᶃᵣᶅ ᵶᶝᵶᵾ Gᵲᵲᶆᶎᴲ᷀ᴻḕḳᵫ GPU ᶆ ᵴᶫᶪ

ḡḁḐᴴḟḱ᷄Ḏᶸḁᶊᶃᵣᶅ ᵶᶝᵸᴳ 

 

ᶝᵪᶊ ᵧᶏᴲ᷀ᴻḕḳᶎḩḪḲᴻ∟  (ᶃᶝᶩ GƎPU ᶍ Ḳḅᴻḁᶊ

ᵸᶪḏᴻḇᶍ ᶞ ᶩᶇ ᵬ ᶞ ᶊᶧᶂᶅḙḝᶾᴻḦḻḁᵫ ᵴᶫᶪ) ᶆ

ᵡᶪᵪᴲ ∟  (ᶃᶝᶩ GƎPU ᶍ ḲḅᴻḁᶊᶧᶂᶅḙḝᶾᴻḦḻḁᵫ

ᵴᶫ )ᶅ ᶆᵡᶪᵪᶍᵣᵹᶫᵪᶆᵸ GGPU ᶣᵼᶍ ᶍ ᵮᶍḟḵḃḋ᷊ᴻ ᵰᶊ

᷀ᴻḕḳᶱ ᵸᶪטּ ᶍḁḎḋḟᶇᵶᶅ ᶉᵲᶇᶎᴲ᷀ᴻḕḳᵫḩḪḲᴻ∟

ᵪ ∟ ᶆᵡᶪᵪ ᵸᶪᵲᶇᶆᵸᴳᵲᶫᶎᴲḩḪḲᴻ∟ ᶍ᷀ᴻḕḳᶱ

ᵸᶪ ᵫᴲ ∟ ᶍ᷀ᴻḕḳᶊᶎ ᶅᶎᶝᶨᶉᵣᵲᶇᵫᵡᶩᴲᵼᶍ ᶡ

ᶆᵸ GGPU ḡḻḈᴻᶎᴲᵲᶍᶧᵥᶉ ᶊ ᶃḟḵḝᶶᶹḳᴴḌᴻḳᶱ ᵶᶅ

ᵣᶝᵸ  G

᷀ᴻḕḳᵫḩḪḲᴻ∟ ᶆᵡᶪᵪᴲ ∟ ᶆᵡᶪᵪᶊꞌᵷᶅᴲ│ᶉᶪ טּ

ᵫ ᶊᶉᶩᶝᵸ  G

GPU ᶎ ᶍḟḵḃḋ᷊ᴻᶇ  rSIMD ᶱ ᶃ ᵫᵡᶪᵾᶠᴲ᷀ᴻḕ

ḳᶎḩḪḲᴻ∟ ᶊᶉᶪ ᵫᵡᶩᶝᵸᴳᶈᵲᵪᶨ ᶠᶫᶏᶧᵣᵪᶮᵪᶨᶉᵣ

ᴲ᷀ᴻḕḳᵫḩḪḲᴻᶊᶷ᷄ḃḁᵸᶪ ᶱ ᶘᶪᶍᵫ ᶍḁḎḋḟᶇᵶᶅ

ᶆᵸ  G

 

᷅ḵᴻḘḳḩḪḲᴻᶍᶷ᷄ḃḁ 

 

ḷᴻ᷄ ᶝᵾᶎḷᴻ᷄᷅ḳᴻḟᵫ ᵸᶪᶚᶛᵸᶘᶅᶍḏᴻḇᶎ᷅ḵᴻḘḳḩ

ḪḲᴻᵪᶨ ᵴᶫᶪᵾᶠᴲ᷅ḵᴻḘḳḩḪḲᴻᶊ ᵮᶷ᷄ḃḁᵸᶪᵲᶇᶎᴲ

ᶷḟḲ᷆ᴻ᷿ḯḻᶍḙḝᶾᴻḦḻḁ ᶊטּ ᶆᵸᴳ᷀ᴻḕḳᵫ᷅ḵᴻḘḳḩḪ

Ḳᴻᶱ ᶊ ᵸᶪᶇᴲᶚᶇᶲᶈᶍ ᴲḙḝᶾᴻḦḻḁᵫ   ᵶᶝᵸᴳזּ
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GPU ᶊᶎᴲḩḪḲᴻ ᶍ ≥ᶍ ᶍ ᶞ ᶩᶇ ᵬ ᶞᶱ ᵥ ᶍ᷃ḫ᷾

ᴻᶇḁ᷂ḫḋḇ ᶍᴻḗᴻḑᶻᶼᶷᴴḮḓḋḐᵫ ᶝᶫᶪᵲᶇᵫᵡᶩᶝᵸᵫᴲ᷅ḵᴻḘ

ḳḩḪḲᴻᶍḙḝᶾᴻḦḻḁᶎᴲḏᴻḇᶷ᷄ḃḁᶍ ᶊᶧᶂᶅ ᶝᶩᶝᵸᴳḷ

ᴻ᷄᷅ḳᴻḟ ᶍ 1 ᶃᶍḷᴻ᷄ ᵫᴲḷᴻ᷄᷅ḳᴻḟ ᶍ ᶍḷᴻ᷄ ᶊᶧ

ᶂᶅᶷ᷄ḃḁᵴᶫᶪ ᶊ ᵸᶪḩḪḲᴻ ᶊᶷ᷄ḃḁᵸᶪ ᴲ᷅ḵᴻḘ

ḳᴴḩḪḲᴻᴴᶷ᷄ḃḁᶍḙḝᶾᴻḦḻḁᶎ ᶊᶉᶪּס ᵫᵡᶩᶝᵸᴳḷᴻ᷄᷅

ḳᴻḟ ᶍḷᴻ᷄ ᵫḁḐḱᶹḑᶝᵾᶎḱḻḈḨᶊḩḪḲᴻᶷ᷄ḃḁᵸᶪ ᴲ

᷅ḵᴻḘḳᴴḩḪḲᴻᴴᶷ᷄ḃḁᶍḙḝᶾᴻḦḻḁᶎ סᵸᶪּזּ ᵫᵡᶩᶝᵸᴳ  

╗ ᶍ GPU ḑ᷂ḭḩḻḐᶆᶎᴲ ᵮᶍḩḪḲᴻᶷ᷄ḃḁᶊ ᵸᶪ ᵴɵᶫ

ᵾḩḪḲᴻᶷ᷄ḃḁᶇᵶᶅ ᵶᶅᵣᶝᵸᴳ 

 

 15 -5  ᶍᵡᶪ ᵴᶫᵾטּ ᷀ᴻḕḳᶆᶎᴲ וֹ ᶍ ᶝᵾ

ᶎ ᶍᶈᶀᶨᶱ ᵸᶪᵪ ᶆᵬᴲ וֹ ᶍ ᶱ ᶊ ᵸᶪᵲᶇᶱ

ᵶᶅᵣᶝᵸ  Gᵲᶫᶎᴲ ᶉ ᶆᵡᶪᵲᶇᵫ ᵪᶂᶅᵣᶝᵸᴳID  ᵫ m ᶊ

ᵶ  r1 ᶃᶍḷᴻ᷄ ᵫ IƎD  ᵫ m- 1 ᶝᵾᶎ m+1 ᶊ ᵶᵣ ᵸᶪḷᴻ᷄

ᶇ᷅ḳᴻḟּטᵴᶫᶅᵣᶪ mƎatrixB  ᶗᶍᶷ᷄ḃḁᶊ ᵴᶫᶪᶹḻḏḋ᷄

ḁᶎ ḷᴻ᷄ ᶊ ᵶᶅ ᵷᶆᵸᵫmƎatrixA  ᶗᶍᶷ᷄ḃḁᶊ ᵴᶫᶪᶹḻ

ḏḋ᷄ḁᶎ K ᵿᵰ│ᶉᶩᶝᵸᴳᶃᶝᶩᴲᶷ᷄ḃḁᶎḁḐḱᶹḑᵴᶫᶅᵣᶪᵲᶇᶊᶉᶩ

ᶝᵸ mGatrixA  ᶍᶷ᷄ḃḁḙḇᴻḻᶱ  15 -17  ᶊ ᵶᶝᵸ  G
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 15 - 17.  matrixA ᶍᶷ᷄ḃḁᶎḁḐḱᶹḑᵴᶫᶅᵩᶩᴲ ᶆᵸ 

 

ᶮᶩᶊᴲ וֹ ᶍ ᶱ ᶊ ᵸᶪ ᴲᶷ᷄ḃḁḙḇᴻḻᶍ ᵫ

ᶊ ᵶᶝᵸᴳ  15 -18  ᶍ᷀ᴻḕḳᶎ ᶊ  15 -5  ᶍ᷀ᴻḕḳᶇ ᶅ

ᵣᶝᵸᵫᴲ ╗ᶍ┴ᵣᶎᴲ 15 -18  ᶍ ḷᴻ᷄ ᵫ וֹ ᶍ ᶆᶎᶉᵮᴲ

ᶱ ᵸᶪᵲᶇᶆᵸ  G

 
h. parallel_for (N, [=]( item <1> idx ) {  

int  n = idx [ 0];  

 

for  ( int  m = 0; m < M; m++) {  

T sum = 0;  

for  ( int  k = 0; k < K; k++) {  

sum += matrixA [m * K + k] * matrixB [k * N + n];  

}  

matrixC [m * N + n] = sum;  

}  

});  

 
 15 - 18.  ᶍ ᶆᶎᶉᵮ ᶱ ᶊ  
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2 ᶃᶍ᷀ᴻḕḳᶎ ᶊ ᶅᵣᶝᵸᵫᴲ ᵮᶍ GPU ᶆᶎᴲḏᴻḇᶍ ᶱ

ᵸᶪ᷀ᴻḕḳᶍ ᵫᴲḩḪḲᴻᶷ᷄ḃḁᵫ ᶆᵡᶪᶇᵣᵥ ᶆḏᴻḇᶍ

ᶱ ᵸᶪ᷀ᴻḕḳᶧᶩᶡḙḝᶾᴻḦḻḁᵫ ᶫᶅᵣᶝᵸᴳID  ᵫ n ᶍ 1 ᶃᶍ

ḷᴻ᷄ ᵫ IƎD  ᵫ n- 1 ᶝᵾᶎ n+1  ᶍ ᵸᶪḷᴻ᷄ ᶇ᷅ḳᴻḟּטᵴᶫ

ᶅᵣᶪ mƎatrixA  ᶗᶍᶷ᷄ḃḁᶊ ᵴᶫᶪᶹḻḏḋ᷄ḁᶎ ḷᴻ᷄ ᶆ

ᵷᶊᶉᶩ mƎatrixB  ᶗᶍᶷ᷄ḃḁᵸᶪᶹḻḏḋ᷄ḁᶎ ᵶᶝᵸᴳmatrixB  ᶍ

ᶷ᷄ḃḁḙḇᴻḻᶱ  15 -19  ᶊ ᵶᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 15 - 19.  matrixB ᶍᶷ᷄ḃḁᶎ ᵶᶅᵩᶩ ᶆ  н

 

ᵶᵾḏᴻḇᶗᶍᶷ᷄ḃḁᶎ ᶊ ᶆᵸᴳ ᶇᵶᶅᴲḷᴻ᷄

ᶍ᷅ḳᴻḟᶍ᷅ḵᴻḘḳḩḪḲᴻᶱᶷ᷄ḃḁᵸᶪḙḝᶾᴻḦḻḁᶎᴲᶷ᷄ḃḁᵴ

ᶫ  ᶅGPU ᷂ḫḋ᷿ḭḱᶹḻ ᶍ ᶆᵡᶪᶇ ᵧᶝᵸᴳᵸᶘᶅᶍᶷ᷄ḃḁᵫ ╗

ᶍ᷂ḫḋ᷿ḭḱᶹḻᶊᵡᶪ ᴲᶷ᷄ḃḁᶎ ᶍḙḝᶾᴻḦḻḁᶆ ᵴᶫᶝᵸᴳ

2 ᶃᶍ᷂ḫḋ᷿ḭḱᶹḻᶊᶷ᷄ḃḁᵸᶪ  (ᵾᶇᵧᶏ 1Ǝ ᶃᵩᵬᶍ ᶊᶷ᷄ḃ

ḁᵶᵾᶩᴲ᷂ḫḋ᷿ḭᵫ ᶉᶷḑḴḁᵪᶨ ᵸᶪ)ᴲᶷ᷄ḃḁᶍḙḝᶾᴻ

Ḧḻḁᶎ ᶊᶉᶪּס ᵫᵡᶩᶝᵸ G 
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᷅ḳᴻḟ ᶍ ḷᴻ᷄ ᵫ ᶍ᷂ḫḋ᷿ḭḱᶹḻᶊᶷ᷄ḃḁᵸᶪ  (ḁḐḱ

ᶹḑᵴᶫᵾᶷ᷄ḃḁᶣḱḻḈḨᶷ᷄ḃḁᶉᶈ)ᴲᵼᶍᶷ᷄ḃḁᶎ ᶍḙḝᶾᴻḦḻ

ḁᶆ ᵸᶪּס ᵫ ᵮᶉᶩᶝᵸ G

 

᷀ᴻḕḳḘḲᶷḻḐᶍḟḵḝᶶᶹḳ  
 

ᶆᶎ 1Ǝ ᶃᶍ ᶊⱲᶂᶅ ᵸᶪᶇטּ ᶨᵪᶊḩḪḲᴻᶷ᷄ḃḁ

ᶍ ᵫ ᵶᶝᵸᵫᴲ ᶍ᷀ᴻḕḳᶆᶎᴲᵼᶫᶚᶈ ᶆᶎᶉᵣּס

ᵫᵡᶩᶝᵸᴳ ᶍḙḝᶾᴻḦḻḁᶱ ᵸᶪᵲᶇᵫ ᶆᵡᶪ᷀ᴻḕḳᶎᴲ

ᵸᶪטּ ᵫ ᶆᶉᵣ ᶎᴲ ᶊⱲᶂᶅ ᵸᶪᵣᵮᶃᵪטּ

ᶍ᷀ᴻḕḳḘḲᶷḻḐᶱ ᵶᶅḟḵḝᶶᶹḳᶱ ᵣᴲḏḘᶹḁᶇḏᴻḇḃḋ

Ḑᶊ ᶡ ᵶᵾᶡᶍᶱ ᵸᶪּל ᵫᵡᶩᶝᵸᴳ 

 

 

ḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶍᶷ᷄ḃḁ 

 

ᶍḃ᷿᷄ḯḻᶆᶎᴲ᷅ḵᴻḘḳḩḪḲᴻᶗᶍᶷ᷄ḃḁᵫ ᵪᶨᶈᶍᶧᵥᶊּג

ᶱ ᵰᴲ᷂ḫḋ᷿ḭᴴḙḝᶾᴻḦḻḁᶱ ᵸᶪᵪטּ ᵶᶝᵶᵾᴳᵸᶆᶊ ᶘᵾ

ᶧᵥᶊᴲ ᵸᶪטּ ᶱ ᵸᶪᶉᶈᵶᶅᴲḩḪḲᴻᶊ ᵮᶷ᷄ḃḁᵸᶪᶷ

ḳ᷉ḲḂḨᶱ ᶆᵬᶪ ᶡᵡᶩᶝᵸ Gᵾᵿᵶᴲᵲᶍ ᶎᵸᶘᶅᶍ᷆ᴻḁᶊ

ᶅᶎᶝᶪᶮᵰᶆᶎᵡᶩᶝᵺᶲᴳᵲᶍḃ᷿᷄ḯḻᶆᶎᴲḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳ

ḩḪḲᴻᶱ ᵶᶅᴲᶧᶩ ᵮᶍḩḪḲᴻᴴᶷ᷄ḃḁᴴḙḇᴻḻᶱ ᵮ᷊ḥᴻḐ

ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵸ  G

 

 9 ᶆ ᵶᵾᶧᵥᶊᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎᴲḷᴻ᷄᷅ḳᴻḟ

ᶍḵᴻ᷀ḳḩḪḲᴻᶱ ᵶᶅ ᵶᴲḷᴻ᷄᷅ḳᴻḟᶍḘḲᶷᶱ ᵶᶅ ᵸᶪ

ᵲᶇᶆ ᵶᶅ ᶱ ᶆᵬᶝᵸ╗G ᶉ GPU ᶊᶎḘḲᶷᶇḷᴻ᷄᷅ḳᴻ

ḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶍ ᶱ ᵸᶪ ᶉḗᴻḑᶻᶼᶷᵫᵡᶪᵾᶠᴲᵲᶍ

ᶎ GPU ᶆᶎ ᶊ ♬ᶆᵸ │Gᶉ  ᶅGPU ḡḻḈᴻᶣ│ᶉᶪ ᶆᶎᴲḷᴻ᷄

᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶍ ᵫ│ᶉᶪ ᵫᵡᶩᶝᵸᵫᴲḷᴻ᷄᷅ḳ

ᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶊᶎᴲ᷅ḵᴻḘḳḩḪḲᴻᶇ ᵶᶅᴲ ᶍ 2 ᶃᶍ

ᵫᵡᶩᶝᵸ  G 
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ḵᴻ᷀ḳḩḪḲᴻᶎᴲ᷅ḵᴻḘḳᴴḩḪḲᴻᴴᶷ᷄ḃḁᵫ᷂ḫḋ᷿ḭᶊḚḋḐᵸᶪ

ᶆᶡᴲ᷅ḵᴻḘḳḩḪḲᴻᶗᶍᶷ᷄ḃḁᶧᶩᶡ ᵣ ╓ ᶇ ᵣḴᶹḎḻ᷿ᴻᶱ᷊

ḥᴻḐᶆᵬᶝᵸᴳᶝᵾᴲḵᴻ᷀ḳḩḪḲᴻᶎᴲ ᵮᶍ ᴲḘḻ ᶇ᷄ ᶏᶫᶪ│ᶉᶪ

ḩḪḲᴻ ╓ᶊ ᵴᶫᶝᵸᴳ᷅ḳᴻḟ ᶍ ḷᴻ᷄ ᵫ│ᶉᶪḘḻ᷄ᶊᶷ᷄

ḃḁᵸᶪ ᶩᴲḵᴻ᷀ḳᴴḩḪḲᴻᴴᶷ᷄ḃḁᶎ ᵣḙḝᶾᴻḦḻḁᶆ ᵴᶫᶝᵸᴳ

Ḙḻ᷄ᶷ᷄ḃḁᶊᶧᶩᴲḵᴻ᷀ḳḩḪḲᴻᶎᴲ᷅ḵᴻḘḳḩḪḲᴻᶧᶩᶡᶎᶪᵪᶊ

ᵮᶍᶷ᷄ḃḁḙḇᴻḻᶱḜᴻ᷄ᶍḙḝᶾᴻḦḻḁᶆ᷊ḥᴻḐᶆᵬᶪᶧᵥᶊᶉᶩᶝ

ᵸ  G

 

ᵮᶍ GPU ḡḻḈᴻᶎᴲ ᵶᵾḵᴻ᷀ḳᴴḩḪḲᴻᴴᶷḑḴḁᶱ│ᶉᶪḘḻ᷄

ᶊ ᶩ ᶅᶝᵸᴳᵲᶫᶊᶧᶩᴲ ᶷḑḴḁᶊ ᶉᵮᴲ ᵶᵾḩḪḲᴻᶷ᷄ḃḁ

ᵫ ᶊ ᶍḙḝᶾᴻḦḻḁᶆ ᵸᶪᵲᶇᵫ ᵴᶫᶝᵸᴳᵾᵿᵶᴲḩḪḲᴻᶷ

᷄ḃḁᵫḁḐḱᶹḑᵴᶫᶪᶇᴲ᷅ḳᴻḟ ᶍ╗ ᶍḷᴻ᷄ ᵫ ᵷḘḻ᷄ᶊ ᶩ

ᶅᶨᶫᵾḩḪḲᴻᶷḑḴḁᶊᶷ᷄ḃḁᵸᶪּס ᵫᵡᶩᶝᵸᴳᵲᶍᶧᵥᶉ ᵫ

ᵸᶪᶇ ḘƎḻ᷄ ᶊᶧᶩ᷿Ḳᶷḳᶷ᷄ḃḁᵫ ᵶᴲḙḝᶾᴻḦḻḁᵫ ᵶזּ

ᶝᵸ  G

᷅ḵᴻḘḳḩḪḲᴻᶍḙḝᶾᴻḦḻḁᶱ ᶊ ᶠᶪᶊᶎᴲᶷ᷄ḃḁᵴᶫᶪ

᷂ḫḋ᷿ḭḱᶹḻ ᶱ ᶊ ᵧᶝᵸᴳ 

ḵᴻ᷀ḳḩḪḲᴻᶍḙḝᶾᴻḦḻḁᶱ ᶊ ᶠᶪᶊᶎᴲḘḻ᷄ ᶱ

ᶊ ᵧᶝᵸ  G

᷅ḵᴻḘḳḩḪḲᴻᶇḵᴻ᷀ḳḩḪḲᴻᶍᶷ᷄ḃḁḙḇᴻḻᶇᴲ ᵴᶫᶪḙḝ

ᶾᴻḦḻḁᶍ ᶱ  15 -20  ᶊ ᵶᶝᵸ pGtr  ᵫ᷅ḵᴻḘḳḩḪḲᴻᶱ ᵸ

ᴲḥᶹḻḇᴻᶎ GPU ᶍ᷂ḫḋ᷿ḭᴴḱᶹḻᴴ᷊ᶹḂᶊᶷḱᶹḩḻḐᵴᶫᶅᵣᶪᶇ

ᵴᶫᶝᵸᴳ᷅ḵᴻḘḳḩḪḲᴻᶗᶍᶷ᷄ḃḁᶍ ᶍḙḝᶾᴻḦḻḁᶎᴲ᷂ḫḋ

᷿ḭᴴᶷḱᶹḻḩḻḐᵴᶫᵾᶷḑḴḁᵪᶨ ᵶᶅᶷ᷄ḃḁᵸᶪᵲᶇᶊᶧᶂᶅ ᶆ

ᵬᶝᵸᴳᶷḱᶹḻḩḻḐᵴᶫᶅᵣᶉᵣᶷḑḴḁᶊᶷ᷄ḃḁᵸᶪᶇᴲ ᶍ᷂ḫḋ᷿ḭנּ

ḱᶹḻᶗᶍᶷ᷄ḃḁᵫ ᶊᶉᶪּס ᵫᵡᶪᵾᶠᴲ᷅ḵᴻḘḳḩḪḲᴻᶍḙḝᶾ

ᴻḦḻḁᵫ ᵸᶪזּ ᶫᵫᵡᶩᶝᵸ GᶷḱᶹḻḩḻḐᵴᶫᶅᵣᶉᵣḵᴻ᷀ḳᶷḑḴ

ḁᶊᶷ᷄ḃḁᵶᶅᶡḘḻ᷄ ᶎ ᵶᶉᵣᵾᶠᴲḵᴻ᷀ḳḩḪḲᴻᶍḙḝᶾᴻḦ

ḻḁᶎ ᶮᶩᶝᵺᶲ  G
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ḁḐḱᶹḑᶍ᷆ᴻḁᶊᶃᵣᶅᶎᴲᵴᶨᶊ ᵶᵮ ᵸᶪ ᵫᵡᶩᶝᵸᴳ᷅ḵᴻ

ḘḳḩḪḲᴻ ᶍᵸᶘᶅᶍ ᶊᶷ᷄ḃḁᵸᶪᶊᶎᴲᶧᶩ ᵮᶍ᷂ḫḋ᷿ḭḱᶹḻ

ᶊᶷ᷄ḃḁᵸᶪ ᵫᵡᶩᴲḙḝᶾᴻḦḻḁᵫ סᵸᶪּזּ ᵫᵡᶩᶝᵸᴳḵᴻ᷀

ḳḩḪḲᴻ ᶍᵸᶘᶅᶍ ᶊᶷ᷄ḃḁᵸᶪᶇᴲḘḻ᷄ᶍ ᵫ ᵶᴲḙḝᶾᴻ

Ḧḻḁᵫ סᵸᶪּזּ ᵫᵡᶩᶝᵸᵫᴲᵲᶫᶎḘḻ᷄ᶍ ᵫ 2 ᶆ ᶩ ᶫᶪ

ᶍᶞᶆᵸ  GḘḻ᷄ ᵫ ᶍ ᴲḜᴻ᷄ᴴḙḝᶾᴻḦḻḁᶆ ᵶᶝᵸᴳ 

 

ᶷ᷄ḃḁ ᶍḁḐḱᶹḑᵫ ᶊ ᵬᵣ ᴲ ḷᴻ᷄ ᶎ│ᶉᶪ᷂ḫḋ᷿ḭ

ḱᶹḻᶊᶷ᷄ḃḁᵸᶪᵾᶠᴲḙḝᶾᴻḦḻḁᵫ ℓᶊᶉᶩᶝᵸᴳᵾᵿᵶᴲḵᴻ᷀ḳḩ

ḪḲᴻᶍ ᴲḙḝᶾᴻḦḻḁᶎḁḐḱᶹḑᶇḘḻ᷄ᶍ ᶊᶧᶂᶅ│ᶉᶩᶝᵸᴳḁḐ

ḱᶹḑ N ᵫḘḻ᷄ᶍ ᶊ ᵶᵣ ᴲᶷ᷄ḃḁᶍᵾᶒᶊḘḻ᷄ ᵫ ᵶᴲᵸᶘ

ᶅᶍᶷ᷄ḃḁᵫ᷿ḲᶷḳּטᵴᶫᶪᵾᶠᴲḙḝᶾᴻḦḻḁᵫ ℓᶊᶉᶩᶝᵸᴳᵾᵿᵶᴲ

ḁḐḱᶹḑ M ᶇḘḻ᷄ ᶊ ╣ ᵫᶉᵣ ᴲᶷ᷄ḃḁᶎḜᴻ᷄ᴴḙḝᶾᴻḦḻ

ḁᶆ ᵴᶫᶝᵸᴳᵲᶍᵾᶠᴲ ᵮᶍ ᵴᶫᵾ GPU ᷀ᴻḕḳᶆᶎᴲḘḻ᷄טּ

ᶱ ᶝᵾᶎ ᵸᶪḁḐḱᶹḑᶱ ᵸᶪᵾᶠᴲḵᴻ᷀ḳḩḪḲᴻᶊḏᴻḇ

ᶱḙḏᶸḻ᷅ᵶᶝᵸ G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 15 - 20.  ᷅ḵᴻḘḳḩḪḲᴻ ᶇḵᴻ᷀ḳḩḪḲᴻ ᶍ│ᶉᶪᶷ᷄ḃḁḙḇᴻḻᶆּס ᶉ

ḙḝᶾᴻḦḻḁ 

 

 



 

 

412  

 

 

᷊Ḟ᷅ḳᴻḟᶱ ᵶᶅḵᴻ᷀ḳḩḪḲᴻᶱ ᶊ  

 

 9 ᶆ ᵶᵾᶧᵥᶊᴲ᷊Ḟ᷅ḳᴻḟᶍ ᶎᴲ᷅ḳᴻḟ ᶍḷᴻ᷄

ᶆḏᴻḇᶱ ᵸᶪ ᶆᵸᴳ ᵮᶍ GPU ᶆᶎᴲ᷊Ḟ᷅ḳᴻḟᶎ ╗ᶍ

ḁḐḲᴻḨᶊᶧᶂᶅ ᵴᶫᶪḷᴻ᷄ ᶍ ᶱ ᵶᶝᵸᴳᵼᶍᶧᵥᶉ ᴲ

᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ᷄ ᶎᴲḷᴻ᷄᷅ḳᴻḟᶍḵᴻ᷀ḳḩḪḲᴻᶱ ᵺᵹ

ᶊᴲ ᷈ḁḐᶆḏᴻḇᶱ ᵶ ᶆᵬᶝᵸᴳ ᶉ GPU ᷀ᴻḕḳᶍ ᵮᶎ᷊

Ḟ᷅ḳᴻḟᶱ ᵶᶅᵣᶪᵾᶠᴲ ᷈ḁḐᶍ ᵣ᷀ᴻḕḳᶎᴲᶷḳ᷉ḲḂḨᶱ

ᵶᶅ᷊Ḟ᷅ḳᴻḟᶍ ᶱ ᶆᵬᶪᵪ ᵸᶪּל ᵫᵡᶩᶝᵸ G

 

ᵴᶉḏᴻḇ ᶱ ᵶᵾ ᶍ  טּ

 

ᵲᶍḃ᷿᷄ḯḻᶆᶎᴲḩḪḲᴻᶷ᷄ḃḁᶍḤḐḳḕḋ᷄ᶱ ᶝᵾᶎ ᵶᵾ ᶊᴲ

᷀ᴻḕḳᶱ ᵸᶪטּ ᶊᶃᵣᶅ ᵶᶝᵸᴳ ᶊ ᵮᶘᵬ ᶉ ᶍ 1 ᶃ

ᶎ GƎPU ᶎ ᴲḏᶸḁḟḴᶹ ᶊᶹḩᴻḀᶱ ᵸᶪᵾᶠᶊ ᵴᶫᶅᵣᶪᶇ

ᵣᵥᵲᶇᶆᵸ GGPU ᶍ ᶉ ᶎ ᶍ ᶇᶇᶡᶊ ᴲטּ ᵶᶅᵬ

ᶝᵶᵾᵫᴲ╗ ᶍ ╓ᶆᶎ᷅ḱḝᶸḋ᷄ḁᶍ ᵫ∟ ᶇᵶᶅ ᶂᶅᵣᶝᵸᴳ 

 

ᵾᶇᵧᶏᴲ᷀ᴻḕḳḏᴻḇ ᶍ᷊ḥᴻḐᶱ ᵶᶅᵮᵿᵴᵣᴳ ᵮᶍ GPU ᶎᴲ

᷅ḱḝᶸḋ᷄ḁᶣ᷇ᴻḨᶆᶧᵮ ᵴᶫ ᶅ32 ḛḋḐ ⱳ ᶊ ᶊ

ᵴᶫᶅᵣᶝᵸטּ  G ᵣ ᶊ ꞌᶆᵬᶪᶷḳ᷉ḲḂḨᶍ ᴲ ᵮᶍ GPU ᶎᴲ

ᶱ ᶊᵶᶅ ᶱ ᶠᶪ 1Ǝ6 ḛḋḐ ᶡ᷊ḥᴻḐᵶᶅᵣᶝ

ᵸᴳ ᶊᴲ ᵮᶍ GPU ᶎ 64 ḛḋḐᶍ ⱳ ᶡ᷊ḥᴻḐᵶᶅᵣ

ᶝᵸᵫᴲ ᵣ ᶊᶎ᷈ḁḐᵫᵪᵪᶩᴲ ᴲ32 ḛḋḐⱳ ᶎ 64 ḛḋḐⱳ ᶧ

ᶩᶡᶎᶪᵪᶊ ᶫᵾḙḝᶾᴻḦḻḁᶱ ᵶᶝᵸᴳ 

 

ᵷᵲᶇᵫ ḏᴻḇ ᶊᶡ ᶅᶎᶝᶩᴲ ᴲ32 ḛḋḐ ḏᴻḇ ᶎ 64 

ḛḋḐ ḏᴻḇ ᶧᶩᶡḙḝᶾᴻḦḻḁᵫ ᶫᶅᵩᶩᴲ16 ḛḋḐ ᶎᵴᶨᶊ

ᶫᵾḙḝᶾᴻḦḻḁᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳᶧᶩ ᵴᶉ ᶱ ᵸᶪᶧ

ᵥᶊ ᶱ ᶆᵬᶫᶏᴲ᷀ᴻḕḳᶍḙḝᶾᴻḦḻḁᶎטּ ᵸᶪּס ᵫᵡᶩ

ᶝᵸᴳ ≥ᶱ ᵥᶘᵬᵲᶇᶍ 1 ᶃᶎᴲᶷḑḴḁ ᶆᵸᴳᵲᶫᶎ ᴲ64 ḛ

ḋḐᶍ size_t  ḏᴻḇ ᶆ ᵴᶫᶝᵸᵫᴲ ᶊᶧᶂᶅᶎᴲᶚᶇᶲᶈᶍ ᶱ 

32 ḛḋḐḏᴻḇ ᶱ ᵶᶅ ᵸᶪᶧᵥᶊ ᶆᵬᶪᵲᶇᶡᵡᶩᶝᵸᴳ  

 



 

 

413  

 

 

ᶚᶇᶲᶈᶍḵᴻ᷀ḳḩḪḲᴻ ᶩ ᶅᶎ ᵴᵣᵾᶠ1Ǝ6 ḛḋḐᶍᶹḻḏḋ᷄ḁᶆ

ᶆᵸ  G

 

ᶍ  טּ

 

᷀ᴻḕḳᵫḙḝᶾᴻḦḻḁᶍᵾᶠᶊ ᶱḐḴᴻḑᶿḝᵸᶪּס ᵫᵡᶪᶡᵥ 1 

ᶃᶍ ╓ᶎ SƎYCL ḛḳḐᶹḻ ᶆᵸSGYCL ᶊᶎᴲᵴᶝᵵᶝᶉ ∫ᶆ

ᶊ ᵴᶫᵾ ᶱ ᵧᵾ ᶉ ᶍḃḋḐᵫ ᶝᶫᶅᵣᶝᵸᴳᶚᶇᶲ

ᶈᶍ GPU ᶎᵲᶫᶨᶍ ᶱḕᶹḎᶸḞᶊ᷊ḥᴻḐᵶᶅᵩᶨᵹᴲ ᵧᶍ ᵣ

᷿ᴻ᷆ḻḁᶱ ᵶᶅ ᵶᶝᵸᴳ ᴲ ᶍ ᶎ GPU ᶊ טּ

ᵴᶫᶅᵣᶝᵸᵫᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫ ᵣ ᶱ ᵸᶪ ᴲ ᶆᶡḙḝᶾ

ᴻḦḻḁᵫ ᵣ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸSGYCL ḛḳḐᶹḻ ᶍ ᶊ

ᶃᵣᶅᶎᴲ  18 ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

╗ ᶊ ᵴᶫᶪ ᶍ SƎYCL ḱᶹḞḱḲᴻᶊᶎᴲ ᵫ

ᵴᶫᵾᴲᶝᵾᶎ ᶍ ḘḲᶷḻḐᶝᵾᶎḕᶹḎᶸḞ ḘḲᶷḻḐᵫ

ᶝᶫᶅᵣᶝᵸᴳ╗ ᶍ GPU ᶆᶎᴲᵲᶫᶨᶍ ᶎ ᶉḘᴻḀḯḻᶍ ᶧ

ᶩᶡ ┴ᵣᶊ ᶊᶉᶪᵾᶠᴲᶷḳ᷉ḲḂḨᶊ ᶉ ᵫᵡᶪ ᶎ ᵸᶪ

לּ ᵫᵡᶩᶝᵸᴳᵾᶇᵧᶏᴲ ᵮᶍᶹḩᴻḀ ᶷḳ᷉ḲḂḨᶆᶎᴲ ᵫ

ᶊ ᵴᶫᶅᵩᶩ ᵣ ᶆᶡ ᶆᵬᶪᵾᶠᴲ ᶝᵾᶎḕᶹḎᶸḞᶍ

ᶱ ᵸᶪᶍᶊ ᵶᶅᵣᶝᵸ  G

ᶷḳ᷉ḲḂḨᵫ ᵣ ᶱ ᶆᵬᶪ ᴲᶧᶩ ᵴᶉḏᴻḇ ᶣ ᶍ

ᶱ ᵶᶅḙḝᶾᴻḦḻḁᶱ ᶆᵬᶝᵸᴳ 
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ᶇ  

 

GPU ᵰᶊ᷀ᴻḕḳᶱ ᵸᶪטּ ᶍ ᶎᴲ ᵮᶍ GPU ᶊ ᵸᶪ

ᶉ ᶆᵸᴳ╗ ᶇᵶᶅᴲᶚᶛᵸᶘᶅᶍ GPU ᶎ 1Ǝ ᷄ḵḋ᷄ᶆ 2 ᶃᶍⱳ

ᶱ ᵸ  ᶅmad ᶝᵾᶎ fma נּ  ᶱ᷊ḥᴻḐᵶᶅᵣᶝᵸGGPU ᷈ḻḙᶹ

ḱᴻᶎ╗ ᶊᴲ ᶍ ᶇּנ ᶱ ᵶᶅ ᵶᴲטּ ᶮᶩᶊ ╗ᶍ ᶱ

ᵸᶪᶍᵫ ≥ᶆᵸᵫ SƎYCL ᶊᶎ ᶊ ᶒ ᵸᵲᶇᵫᶆᵬ  ᶅmad ᶇ 

fma  ᶡ ᶝᶫᶅᵣᶝᵸᴳᶡᶀᶬᶲGƎPU ᷈ḻḙᶹḱᴻᶍ ᶇּנ ᶍ טּ

ᶱ ᵸᶪ ᶎᴲ ᶍ ᶱ ᶊᵸᶪᵲᶇᶆᴲ ᶱטּ ᵱᶉᵣᶧ

ᵥᶊᵸᶪ ᵫᵡᶩᶝᵸ  G

 

ᶍ ᶉ GPU ᶎᴲ᷈ḻḙᶹḱᴻᶍ SƎYCL ᶍטּ ᴲᶝᵾᶎ

Ḵḡḳᶍ GPU Ḙḋ᷄ᶽḻḑᶇᶍ ᶊᶧᶂᶅᶍᶞ ᶆᵬᶪ ᵫᵡᶩ

ᶝᵸᴳᵾᶇᵧᶏᴲ╗ ᶍ GPU ᶎᴲ᷈ḻḙᶹḱᴻᵫ ᵶᶅ ᵸᶪᴲᶝᵾᶎטּ

ᶒ ᵴᶫᶪּס ᶍᵡᶪ ᶉḑḋḐ ᶱ᷊ḥᴻḐᵶᶅᵣᶝᵸᴳ

GPU ᶆ᷊ḥᴻḐᵴᶫᶅᵣᶪ ᶱ ᵸᶪ ᶊᶃᵣᶅᶎ  12 

ᶱ ᵶᶅᵮᵿᵴᵣᴳḘḋ᷄ᶽḻḑᶍ ◖ ᶊᶃᵣᶅᶎ 20 ᶱ ᵶᶅ

ᵮᵿᵴᵣ  G

 

 

ᶝᶇ  f
 

ᵲᶍ ᶆᶎᴲᶝᵹᴲ╗ ᶉ GPU ᵫᶈᶍᶧᵥᶊ ᵸᶪᵪᴲᶝᵾ GPU ᵫ

ᶍ CPU ᶇᶈᶍᶧᵥᶊ┴ᵥᵪ ᵶᶝᵶᵾᴳ ╗ᶍ ḁḐḲᴻḨᶱ ᵸᶪטּ

ḟḵḃḋ᷊ᴻ ᶱ ᶍḟḵḃḋ᷊ᴻᶇנּ ᵬ ᵧᶪᵸᶪᵲᶇᶆGƎPU ᵫ

ᶍḏᴻḇᶊ ᵶᶅ ᵴᶫᶪטּ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ 

 

GPU ᵫḷᶹḑ SIMD ᶱ ᵶᶅ ᶍḏᴻḇ ᶱ ᶊ ᵸᶪ

ᶇ GƎPU ᵫ ᵬᶇḦḁ᷄ᶱ ᵶᵾ SIMD ᶊᶧᶩ ᶉḝḵᴻ

ᶱ ᵧᵾ᷀ᴻḕḳᶱ ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ ᵬᶇḦḁ᷄ᶊᶧ

ᶂᶅ SIMD ᵫ ᵶᴲ᷀ᴻḕḳᶍḙḝᶾᴻḦḻḁᵫזּ סᵸᶪּזּ ᵫᵡᶪᵲ

ᶇᴲᶝᵾᴲᵡᶪ ᶇ ᶍ ᶍᶈᶀᶨᶱ ᵸᶪᵪטּ ᵸᶪᵲᶇᶆ SIMD ᶍ

ᵫ ᵴᶫᶪּס ᵫᵡᶪᵲᶇᶊᶃᵣᶅᶡ ᵶᶝᵶᵾ G 

 

GPU ᶊᶎ ᵮᶍ Ḳḅᴻḁᵫᵡᶪᵾᶠᴲ ᶱ ᵮ ᶃᶊᶎ GPU ᶊ

ᶉḷᴻ᷄ᶱ ᵧᶪᵲᶇᵫ ᶆᵡᶪᶇ ᵪᶩᶝᵶᵾᴳᶝᵾᴲGPU ᵫ ḁḐḲ

ᴻḨᶱ ᵶᶅḴᶹḎḻ᷿ᴻᶱ╬ ᵸᶪ ᶊᶃᵣᶅᶡ ᵶᶝᵶᵾᴳᵲᶫᶊᶧᶩᴲ

GPU ᶆ ᵸᶪḷᴻ᷄ᶱ ᶊ ᵧᶪᵲᶇᵫᵴᶨᶊ ᶊᶉᶩᶝᵸᴳ 



 

 

 

 

 

ᶊᴲ᷀ᴻḕḳ  ɵGPU ᶊᶿḝḵᴻḑᵸᶪ ᶊ ᵸᶪḅḝḐᶻᶼᶷᴴḴᶹḬᴻᶇ

ḗᴻḑᶻᶼᶷᴴḴᶹḬᴻᴲᵩᶧᶒᶿḝḵᴻḑᶍ᷈ḁḐᶊᶃᵣᶅ ᵶᶝᵶᵾᴳᵡᶪḏ

Ḙᶹḁᵪᶨ ᶍḏḘᶹḁᶊ ᶱ ᵸᶪᶧᶩᶡᴲ ╗ᶍḏḘᶹḁᶆᶷḳ᷉ḲḂḨ

ᶱ ᵸᶪ ᵫ ᶆᵡᶪּס ᵫᵡᶪᵲᶇᶊᶃᵣᶅ ᵶᶝᵶᵾᴳ 

 

ᶊᴲ᷀ᴻḕḳ  ɵGPU ᶆ ᵸᶪḡḁḐᴴḟḱ᷄Ḏᶸḁᶊᶃᵣᶅ ᵶᶝ

ᵶᵾᴳ ᵮᶍ᷀ᴻḕḳᵫḩḪḲᴻ∟ ᶆᵡᶪᵲᶇᴲ᷅ḵᴻḘḳḩḪḲᴻᶇḵᴻ᷀ḳ

ḩḪḲᴻᶊ ᶊᶷ᷄ḃḁᵸᶪ ᴲᶝᵾᶎ᷊Ḟ᷅ḳᴻḟ ᶊᶧᶩḵᴻ᷀ḳḩ

ḪḲᴻᶱ ᶊ ᵸᶪ ᶊᶃᵣᶅ ᵶᶝᵶᵾᴳᶝᵾᴲ᷀ᴻḕḳᵫ ∟ ᶆ

ᵡᶪ ᴲ ᵣ ᶇ╥ᵬ ᵧᶊ ᵣḙḝᶾᴻḦḻḁᶱ ᶪᵪᴲ᷀ḁḇḨ GPU 

ᶱ ᵶᶅ ᶉ ᶊᶷ᷄ḃḁᵸᶪᵲᶇᶆᴲ ᶱ ᵸᶪטּ ᶊᶃ

ᵣᶅ ᵶᶝᵶᵾ  G

 

 

 

GPU ḟḵ᷅ḱḧḻ᷅ᶊᶃᵣᶅᶎ ᶕᶘᵬᵲᶇᶎᴲᶝᵿᵾᵮᵴᶲᵡᶩᶝᵸᴳᵲᶍ

ᶆ ᵶᵾᶍᶎᶚᶲᶍ ᶉ ᶊᵸᵭᶝᵺᶲ  G

 

GPU ᶍ ᶇḣḷᶹḐḢᴻḙᴻᶎᴲ ᶍ GPU ᶇ GPU ᶷᴻ᷂Ḏ᷄ḉḫᴻᶱ

ᵶᵮ ᶪ ♬ᶉḲḅᴻḁᶆᵸᴳ ᵮᶍ GPU ḡḻḈᴻᶎᴲ ᶍ GPU ᶇḟḵ᷅

ḱḧḻ᷅ ᶊ ᵸᶪ ᶊ ᶉ ᶱ ᵶᶅᵣᶝᵸ G

 

ᶆᶎᴲ ᶉ GPU ᶊ ᵸᶪ ᶎ 

software.intel.com dƎevblogs.nvidia.com aƎmd.com  ᶆᵳ ᵣᵾᵿᵰ

ᶝᵸ  G

 

╗ ᶍ GPU ḡḻḈᴻᶎᴲᶿᴻḟḻḅᴻḁᴴḑḱᶹḘᴻᶝᵾᶎḑḱᶹḘᴻᴴ᷈ḻḥ

ᴻḕḻḐᶱ ᵶᶅᵣᶝᵸᴳ סּ ᶆᵡᶫᶏᴲḑḱᶹḘᴻ᷈ᴻḑᶱ ᶝᵾᶎḁ

Ḏḋḟ ᵶᶅᴲᶈᶍ ᶊ᷈ḁḐᵫᵪᵪᶂᶅᵣᶪᵪᴲᶝᵾᶎᶷḟḲ᷆ᴻ᷿ḯḻᶍ

ᶈᵲᶊᶿᴻḘᴻḠḋḑᵫ ᵸᶪּס ᵫᵡᶪᵪᶱ №ᵸᶪᵲᶇᶡ ♬ᶆᵸᴳ 

 

ᵲᶍ ᶆᶎᴲḘḋḝᶶᴻᶷ᷄ḃ᷊ᴻᶝᵾᶎ ḩḪḲᴻᶱ ᵶᵾ᷅ḵᴻḘḳ

ḩḪḲᴻᶗᶍ ᶍᶷ᷄ḃḁ ᶊ ᶱ ᵬᶝᵶᵾᵫᴲᶚᶇᶲᶈᶍ GPU ᶊᶎᴲ

ᶹḩᴻḀ ᶱ ᵸᶪטּ ᶍḎ᷄ḁḉḫᴻᴴ᷊ḻḟḱᴻᶡ ᵴᶫᶅᵣᶝ

ᵸᴳᶹḩᴻḀᶇ᷊ḻḟḱᴻᶍ ᶊᶃᵣᶅᶎᴲSYCL ᶱ ᵶᶅᵮᵿᵴᵣ  G

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅ

ḱᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄Ḵ

ḀḋḐᶱ ᵧCƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ

ᵴᶫᶝᵸסּ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ

ᵫᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎ

ᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ

ᵴᶫᵾסּ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

 16  CPU ᵰᶍḟḵ᷅ḱḧḻ  ᷅
 

 

᷀ᴻḕḳᴴḟḵ᷅ḱḧḻ᷅ᶎ GƎPU ᶱḟḵ᷅ḱḨᵸᶪ ᶇᵶᶅ ᶊᶉᶩ

ᶝᵶᵾᴳ᷀ᴻḕḳᴴḟḵ᷅ḱḧḻ᷅ᵫ╗ ᵴᶫᶪᶊᶃᶫᴲ᷀ᴻḕḳḁḇᶹḳᶍḟḵטּ

᷅ḱḧḻ᷅ᵫ CPU ᶗᶍḦḋḜḻ᷅ᶊᶈᶍᶧᵥᶊ☼ ᵸᶪᵪ ᵸᶪᵲᶇᵫ

ᶆᵸ  G

 

CPU ᶎ ᶊᶮᵾᶂᶅ ᵶᶅᵬᶝᵶᵾ2G005 ᴲ᷄ḵḋ᷄טּ ᶍ

ᶊᶧᶪḙḝᶾᴻḦḻḁᶍ ᵫ ᵶᴲ ᵬᶉ ᵫטּ ᵲᶩᶝᵶᵾᴳḝḲᴻḱḻḉ

ᶎ ᶮᶂᵾᶇᶡ ᵴᶫᶝᵶᵾᴳ ᵫᵼᶫᶊ ᵸᶪ ᶇᵶᶅ ᵶᴲ

CPU ḩᴻ᷀ᴻᶎ᷄ḵḋ᷄ ᶱ ᵱᶪ ᶮᶩᶊᴲḦḳḉ᷈ᶷḉḋḟᶍ ᶊ ᶱ

ᶩᶝᵶᵾᴳᵲᶫᶊᶧᶩᴲ᷈ḻḜḭᴻḇᴻᶎ ᶍḇḁ᷄ᶱ ᵮ ᶆᵬ

ᶪᶧᵥᶊᶉᶩᶝᵶᵾ G

 

Ḧḳḉ᷈ᶷᶎḗᴻḑᶻᶼᶷᶍḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪ ᶇᵶᶅ ᵶᶝᵶ

ᵾᵫᴲḅḝḐᶻᶼᶷᶆᵼᶫᶊ ꞌᵸᶪᶊᶎ ᵬᶉ ᵫ ᶆᵶᵾᴳḦḳḉ᷈ᶷᴴḟ

ḵḃḋ᷊ᴻᶆᶎᴲḗᴻḑᶻᶼᶷᶍ ᶱḝḳᶊ ᵸᶪᶧᵥ ᶎᵴᶝᵵᶝᶉᶷ

ḳ᷉ḲḂḨᶱ ∏ᵸᶪ ᵫᵡᶩᶝᵶᵾᵫᴲᵲᶫᶎ ᵹᵶᶡ ᶆᶎᵡᶩᶝᵺᶲᶆ

ᵶᵾᴳ᷈ᶷ ᵫ ᵧᶪᶚᶈᴲᵼᶫᶨᶱ ᵮḛḀᴻ ᶊ ᶃᵲᶇᵫ ᵶᵮᶉᶩ

ᶝᵸ SGYCL ᶎᴲᵲᶍᶧᵥᶉ ᶊ ᵸᶪḟḵ᷅ḱḧḻ᷅ ᶍ 1 ᶃᶆᵡᶩᴲ

CPU ( ᵩᶧᶒᵼᶍ ᶍᶷᴻ᷂Ḏ᷄ḉḫ )ᴻ ᶍᵴᶝᵵᶝᶉ ᶍ ᶱ

ᵸᶪᶍᶊ ᶃ ᵮᶍ ᶱ ᵧᶅᵣᶝᵸ  G

 

ᵲᶍ ᶆᶎ CƎPU ᶷᴻ᷂Ḏ᷄ḉḫᴻᶍ CƎPU ḗᴻḑᶻᶼᶷᵫ SYCL ᶷḟ

Ḳ᷆ᴻ᷿ḯḻᶱᶈᶍᶧᵥᶊ ᵸᶪᵪ ᵶ CƎPU ḟḱḋḐḝᶾᴻḨ ᵰᶊ 

SYCL ᷈ᴻḑᶱ ᵸᶪ ᶍḡḁḐᴴ ḟḱ᷄Ḏᶸḁᶱ ᵶᶝᵸ G
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ḙḝᶾᴻḦḻḁᶊ ᵸᶪ ≥  
 

SYCL ᶎᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵶᵾᶩᴲטּ ᶷḟḲ᷆ᴻ᷿ḯḻᶱḄḵᵪᶨ

ᵸᶪᵾᶠᶍ┌ סּ ᶉḙḁᶱ ᵶᶝᵸCGPU ᶆ ᵴᶫᶪᶷḟḲ᷆ᴻ᷿ḯḻ

ᶍḙḝᶾᴻḦḻḁᶎᴲ ᶊ ᶍ ╣ᶊ∟ ᵶᶝᵸ: 

 

 ɯ ᷀ᴻḕḳ᷈ᴻḑᶍ ᶇ ᶍ ᶇᶉᶪḙḝᶾᴻḦḻḁ 

 

 ɯ ᷀ᴻḕḳᶆ ᵴᶫᶪḟḵ᷅ḱḨᶍ ᶇᵼᶍḁ᷆ᴻḱḛḲḎ

ᶸ  ᴻ

 

 ɯ CPU ᴲ וֹ ᶉḏᴻḇ ᴲḏᴻḇᶍ ᴲ  

 

 ɯ ḷᴻ᷄ ᶍ ᶇ ᶍ  

 

 ɯ ḷᴻ᷄ ᵫ ᵴᶫᶪḁḴḋḑᶱ ᴲ ᴲ ᴲ╗ ᴲ

ᴲ ᵸᶪᵾᶠᶍᶿᴻḘᴻḠḋḑᴳᵲᶫᶎᴲ᷿ḲᶷḳᵪᶨḙḱḴḳᴲ

ᶝᵾᶎḙḱḴḳᵪᶨ᷿Ḳᶷḳᶗ ┌ᵸᶪ ᶊᶧᶂᶅ☼ ᶱ ᵰᶝ

 н

 

 ɯ ḩḪḲᴻᶆ ᵸᶪḩḪḲᴻ  ( ᶡ )ɜ  

 

 ɯ ḩḪḲᴻᴲ ᵬ ᶞ ḘḋḝᶶᴻᴲḩḪḲᴻ ╓ ᶉᶈ Ḳḅᴻ

ḁᶍḙḝᶾᴻḦḻḁ  

 

ᵴᶨᶊᴲ ᶍḟḵḃḋ᷊ᴻᴴḇᶹḟᶇ ᶊᴲCPU ᶎḡḻḈᴻᵳᶇᶊᴲᶝᵾ

ᶍ ᵳᶇᶊ│ᶉᶪ ᵫᵡᶩᶝᵸᴳ ᶍ CPU ᶍḡḁḐᴴḟḱ᷄Ḏᶸḁᵫᴲ

ᶍ CPU ᶣ ᶍḡḁḐᴴḟḱ᷄Ḏᶸḁᶆᵡᶪᶇᶎ ᶩᶝᵺᶲᴳ 
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CPU ᶆ ᶉḙḝᶾᴻḦḻḁᶱ ᵸᶪᶊᶎCƎPU ᶷᴻ᷂Ḏ᷄ḉḫᴻᶍ

ᶱּס ᶉ ᶩ ᵮ ᵸᶪ ᵫᵡᶩᶝᵸ G

Ḧḳḉ᷈  ʊCPU ᶍ  
 

Ḧḳḉ᷈  ʊCPU ᶍ ᶇ ᶉ ᶊᶧᶩᴲ ḩḪḲᴻ ᶍ ḟḱḋ

ḐḝᶾᴻḨᵫ ᶊ ᵶᶝᵶᵾCGPU ᶎᴲḱḋḟḐḋḟᴲḏḁ᷄Ḑḋḟᴲ᷊ᴻḘᴻ

ᶍḴḡḳᶆ ḟḱḋḐḝᶾᴻḨᶱ ᵶᴲᵡᶨᶥᶪ ᶆ ᵴᶫᴲᵼᶍ

ᶅᶆḙḝᶾᴻḦḻḁᶱ ᵶᶝᵸᴳ ᶡ╗ ᶉ CPU ᶷᴻ᷂Ḏ᷄ḉḫᴻᶎᴲ᷂ḫ

ḋ᷿ḭᴴ᷈ḚᴻḴḻḐᶉ ╗ḩḪḲᴻᶷ᷄ḃḁ (cc -NUMA) ᶆᵡᶩᴲḩḪḲᴻᶷ

᷄ḃḁ ᵫ ᶊ ╗ᶆᶎᶉᵣᵲᶇᵫ ᶆᵸᴳ ᵮᶍḏḭᶷḳḅ᷆ḋḐ 

CPU ᷿ḁḎḨᶊᶎᴲᵲᶍ ᶍḩḪḲᴻ᷿ḁḎḨᵫ ᵴᶫᶅᵣᶝᵸᴳḟḵḃḋ᷊

ᴻ ᶍ᷈ᶷ ᶇḅ᷆ḋḐ ᵫ ᵶנּ ᵰᶅᵩᶩᴲᵲᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᵫ ᶊᶉ

ᶂᶅᵬᶝᵶᵾ  G

 

cc -NUMA CPU ᷿ḁḎḨᶆᶎᴲ ḅ᷆ḋḐᶎ᷿ḁḎḨ ᶍ ḩḪḲᴻᶍ᷊

ḞḃḋḐᶊ ᵶᶝᵸᴳ᷂ḫḋ᷿ḭᴴ᷈ḚᴻḴḻḐᶉ ᶊᶧᶩᴲᵸᶘᶅᶍḅ᷆ḋ

Ḑᵫ ᵴᶫᴲḟḵ᷅ḱḦᴻᶊᶎ ╗ᶍ᷿ḁḎḨḩḪḲᴻᶇᵶᶅ ᵧᶝᵸᴳ  

ᵲᶍᶧᵥᶉḩḪḲᴻ᷿ḁḎḨᶎᴲ᷿ḁḎḨ ᶍḅ᷆ḋḐ ᶊꞌᵷᶅ ḩḪḲᴻ ╓

ᵫ ᵴᶫᶪᵾᶠḁ᷆ᴻḱḞḳᶆᵸᴳ ᶍ ᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫḏ

ᴻḇᶍ ᶊ ᶉᵮᴲ᷿ḁḎḨ ᶍᵸᶘᶅᶍḩḪḲᴻᶊ ᶊᶷ᷄ḃḁᶆ

ᵬᶪᵲᶇᶆᵸᴳᵾᵿᵶᴲ᷈ḁḐᶡ ᵶᶝᵸᴳḩḪḲᴻᵪᶨḏᴻḇᶊᶷ᷄ḃḁᵸᶪḴ

ᶹḎḻ᷿ᴻᵫ╗ ᶆᶎᵡᶩᶝᵺ  ɸ(ᶃᶝᶩᴲᶷ᷄ḃḁᴴḴᶹḎḻ᷿ᴻᵫ ᵴᶫᶝᵺ

)ɸ  G 

ḴᶹḎḻ᷿ᴻᶎᴲḏᴻḇᵫ᷿ḁḎḨ ᶍᶈᵲᶊ ᵴᶫᶅᵣᶪᵪᶊᶧᶂᶅ│ᶉᶩᶝ

ᵸᴳ ᶍ᷆ᴻḁᶆᶎᴲḏᴻḇᶎ᷈ᴻḑᵫ ᵴᶫᶪḅ᷆ḋḐᶊ ᵴᶫᵾḩ

ḪḲᴻᵪᶨ ᵴᶫᶝᵸᴳ ℓᶍ ᴲḏᴻḇᶎꜛᵮ ᶫᵾḅ᷆ḋḐᶊ ᵴᶫᵾ

ḩḪḲᴻᵪᶨ ᵸᶪ ᵫᵡᶩcƎc -NUMA CPU ᷿ḁḎḨ ᶍḅ᷆ḋḐ ᶍ

ᶍḣḋḟ ᶊᶧᶂᶅḩḪḲᴻᶷ᷄ḃḁᶍ᷈ḁḐᵫ   ᵶᶝᵸᴳנּ
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 16 -1 ᶊ cƎc -NUMA ḩḪḲᴻᶱ ᵧᵾ  CPU ᶷᴻ᷂Ḏ᷄ḉḫᴻᶱ ᵶ

ᶝᵸᴳᵲᶫᶎᴲ ᶍ Ḧḳḉḅ᷆ḋḐᴴ᷿ḁḎḨᶊ ᶨᶫᶪ᷈ᶷᶇḩḪḲᴻᴴ᷈ḻ

ḥᴻḕḻḐᶱ ᶟᴲ   ᵴᶫᵾ᷿ḁḎḨᴴᶷᴻ᷂Ḏ᷄ḉḫᴻᶆᵸᴳטּ

ᵲᶍ ᶆᶎᴲᵲᶍ ᶱ ᶊ ꞌᵸᶪ᷈ᴻḑ ᶍḦḋḜḻ᷅ᶱ ᵶᶅᵣᵬᶝᵸᴳ 

 

ᶉḙḝᶾᴻḦḻḁᶱ ᵸᶪᶊᶎᴲ᷿ḁḎḨᶍ cc -NUMA ᶍ ᶱ

ᶊ ᵸᶪ ᵫᵡᶩᶝᵸᴳᵾᶇᵧᶏᴲᶹḻḎḳ ᶍ ᶍ᷊ᴻḘᴻᶆᶎḩḋ

᷿ḭ ᶷᴻ᷂Ḏ᷄ḉḫᴻᵫ ᵴᶫᶅᵣᶝᵸᴳᵲᶍ ᶆᶎᴲ᷈ᶷᴲ᷂ḫḋ᷿

ḭᴲḩḪḲᴻᴴ ᷈ḻḐḵᴻḱᴻᵫ ᶇ ᶊ ᵴᶫᶝᵸᴳ᷿ḁḎḨᶍ ᶍḙḝᶾᴻ

Ḧḻḁ ᶊ ᶩ ᶟ ᴲḟḵḃḋ᷊ᴻᶇḩḪḲᴻᶍ ᶱ ᵸᶪᵲᶇᵫ

ᶊᶉᶪᵲᶇᵫᵡᶩᶝᵸ  G

 

 
 16 - 1.  ╗ ᶉḦḳḉ CPU ᷿ḁḎḨ 
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 16 -1 ᶍ᷿ḁḎḨᶎ 2 ᶃᶍḅ᷆ḋḐᶆ ᵴᶫᴲ ḅ᷆ḋḐᶊᶎ 2 ᶃᶍ᷈ᶷ

ᵫᵡᶩᴲ᷈ᶷᵳᶇᶊ 4 ᶃᶍḗᴻḑᶻᶼᶷᴴḁḴḋḑᵫᵡᶩᶝᵸᴳ ᷈ᶷᶊᶎ ᶍḴ

ḡḳ 1 (L1) ᷂ḫḋ᷿ḭᵫᵡᶩᶝᵸLG1 ᷂ḫḋ᷿ḭᶎᴲḅ᷆ḋḐ ᶍḩḪḲᴻ᷿ḁḎ

Ḩᶊ ᵴᶫᵾ Ḵḡḳ ᷂ḫḋ᷿ḭᶊ ᵴᶫᶝᵸᴳḅ᷆ḋḐ ᶍḩḪḲᴻᴴ

ᶷ᷄ḃḁᴴḴᶹḎḻ᷿ᴻᶎ ╗ᶆᵸᴳᶃᶝᶩᴲ╗ ᵫᵡᶩᴲ ᶊ ᶆᵬᶝᵸᴳ  

 

2 ᶃᶍḅ᷆ḋḐᶎᴲ᷂ḫḋ᷿ḭᴴ᷈ḚᴻḴḻḐᴴʋ ḻḇᴻ᷈ḕ᷄Ḑɵ ᵶᶅ ᵴᶫ

ᶝᵸᴳḩḪḲᴻᶎ᷿ḁḎḨ ᶊ ᵴᶫᶅᵣᶝᵸᵫᴲ᷿ḁḎḨ ᶍᶈᵲᵪᶨᶆᶡ

ᵸᶘᶅᶍḩḪḲᴻᶊ ᶊᶷ᷄ḃḁᶆᵬᶝᵸᴳ᷈ᴻḑᵫ ᵴᶫᶅᵣᶪḅ᷆ḋḐ

ᶇᶎ│ᶉᶪḅ᷆ḋḐᶍḩḪḲᴻᶊᶷ᷄ḃḁᵸᶪ ᴲḩḪḲᴻᶍ ᶞ ᶩᵩᶧᶒ

ᵬ ᶞḴᶹḎḻ᷿ᴻᶎ ╗ᶆᵸᴳᶃᶝᶩᴲḲḪᴻḐḅ᷆ḋḐᵪᶨḏᴻḇᶊᶷ᷄ḃḁ

ᵸᶪᶇḴᶹḎḻ᷿ᴻᵫ ᶊ ᵮᶉᶩᴲ╗ ᵫᶉᵮᶉᶪּס ᵫᵡᶩᶝᵸᴳ ᵾᵿ

ᵶᴲʋ ḻḇᴻ᷈ḕ᷄Ḑᶆ ᶉᵲᶇᶎ╗ ᶆᵸᴳ᷿ḁḎḨ ᶍḩḪḲᴻ ᶍ

╗ᶉḏᴻḇḛḭᴻᶱ ᵸᶪ ᶎᶉᵮᴲ ḩḪḲᴻ᷿ḁḎḨᶗᶍᶷ᷄ḃḁᶊᶧ

ᶪḙḝᶾᴻḦḻḁᶗᶍ☼ ᶊ ᶆᵬᶝᵸ Gᶧᶩ ᶉ ) טּ ᵴᶫᵾḩḪ

Ḳᴻᶍ ᵰᶱ ᶃᶷḐḧḋ᷄ ᶉᶈ) ᶊᶧᶩᴲḗᴻḑᶻᶼᶷᴴḩḪḲᴻᶍ╗

ᶱᵼᶫᶚᶈ ᶇᵶᶉᵣ ᵫּס ᶊᶉᶩᶝᵸᵫᴲ╗ ᵫ ᶉ ᶎḗᴻ

ḑᶻᶼᶷᵫᵼᶫᶱ ᵶᶝᵸᴳ 

 

CPU ᶍḗᴻḑᶻᶼᶷᴴḁḴḋḑᶎ ᶍ ᶆᵡᶩᴲ ḁḐḲᴻḨᶱ ᵸ

ᶪḮḓḋḐᶆᵸᴳ 16 -1 ᶍḗᴻḑᶻᶼᶷᴴḁḴḋḑᶊᶎ 0 ᵪ  ʝ15 ᶝᶆᶍ ᵫ

ᵰᶨᶫᶅᵣᶝᵸᴳᵲᶫᶎᴲᵲᶍ ᶍ ᶍ ᶱ ᵸᶪᵾᶠᶍטּ ᶆᵸᴳ ᶊ

ᵴᶫᶅᵣᶉᵣ ᶩᴲᵲᶍ ᶆ ᵸ  ᶅCPU ᷿ḁḎḨᶎᴲ  16 -1 ᶊ  н

cc -NUMA ᷿ḁḎḨᶱ ᵶᶝᵸ G 
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SIMD ḗᴻḑᶻᶼᶷᶍ  
 

1996 xƎ86 ᶷᴻ᷂Ḏ᷄ḉḫᴻᶊ MMX ᶇᵶᶅ SIMD ḃḋḐᵫ

ᵴᶫᶝᵶᵾᴳᵼᶫ∙ ᴲ ᵮᶍ SIMD ḃḋḐ ᵫᶹḻḎḳᴴᶷᴻ᷂Ḏ᷄

ḉḫᴻᶇ ᶆ ᵮ ᵴᶫᶅᵬᶝᵶᵾCGPU ᷈ᶷᶎ ᶱ ᵸᶪᵲᶇᶆ

ᵼᶍ ᶱֹוᵾᵶᶝᵸᴳ᷈ᶷᵫ סּ ᶉ ᶉ ᶎᴲ ᵴᶫᶅᵣᶪ

ḃḋḐ (x86 xƎ86_64 AƎltiVec NƎEON ᶉᶈ) ᶇ ḃḋḐ  (SSE AƎVXᴲ

AVX -512 ᶉᶈ) ᶊᶧᶂᶅ ᵴᶫᶝᵸ  G ḃḋḐ ᶊᶧᶂᶅ ᵴᶫᵾנּ

ᶍ ᵮᶎ SIMD ᶊ ᶱ ᵣᶅᵣᶝᵸ  G

 

SIMD ᶱ ᵸᶪᶇᴲḏᴻḇᶍ ∞ᶧᶩᶡ ᵣḴḀḁḇᴻᶇḗᴻḑᶻ

ᶼᶷᶱ ᵶᶅᴲ ╗ᶍ᷈ᶷᶆ ᶍ ᶱ ᶊ ᶆᵬᶝᵸᴳᵾᶇᵧᶏᴲ512 

ḛḋḐᶍḴḀḁḇᴻᶱ ᵸᶪᶇ1Ǝ ᶃᶍḦ᷿ḻ ᶆ 8 ᶃᶍ 64 ḛḋḐᶍ

ᶱ ᶆᵬᶝᵸ  G

 

 16 -2  ᶊ ᵸᵲᶍ ᶆᶎᴲ ᶎ  8 ᶍḁḜᴻḑᶷḋḟᶱ ᶆᵬ

ᶝᵸᴳ ᶊᶎ8Ǝ ᶍḁḜᴻḑᶷḋḟᶍ╗ ᵫ 1 ᶃᶍḤḐḳḕḋ᷄ᶱ ᵸᶪᶇ

ᶊ ᶍḤḐḳḕḋ  ᷄( ᵧᶏḩḪḲᴻᴴḁḳᴻḟḋḐ) ᶱ ᵴᵺᶪᵾᶠᴲᵼᶍ

ᶎוֹ ᵴᶫᶪּס ᵫᵡᶩᶝᵸᴳ╗ ᶊSƎIMD ᶱ ᵸᶪḙḝᶾᴻḦ

ḻḁ ᶍ ᶎᴲ᷿ḒḲᶿᶊᶧᶂᶅ│ᶉᶩᶝᵸᴳᶝᵾᴲ ᶉ ᴲ ḮḓḋḐḁḐ

ḱᶹḑᶉḩḪḲᴻᶷ᷄ḃḁᶍ᷃ḫ᷾ /ᴻḁ᷂ḫḋḇᴻSƎIMD ḵᴻḑ/ḁḐᶷᶍ᷂ḫḋ

᷿ḭḱᶹḻ ᶉᶈᶍ᷆ᴻḁᶆᶎᴲ ᶉ SIMD ᷈ᴻḑᶧᶩᶡḙḝᶾᴻḦḻḁ

ᵫ ᵸᶪᵲᶇᶡᵡᶩᶝᵸ Gᵶᵪᵶᶉᵫᶨזּ SƎIMD ᶱᵣᶃᶈᶍᶧᵥᶊ ᵸᶪ  χ

(ᶝᵾᶎ᷈ḻḙᶹḱᴻᶊ ᵺ )ᶅ ᵫ ᵪᶂᶅᵣᶫᶏᴲ ᶍḟḵḃḋ᷊ᴻᶆᶎᵪᶉ

ᶩᶍ ᶱ ᶆᵬᶝᵸᴳᵸᶘᶅᶍḙḝᶾᴻḦḻḁ ᶇטּ ᶊᴲḟḵ᷅ḱ

Ḧᴻᶎᴲ◖ ᶊ ᵸᶪ ᶊḇᴻ᷇ḋḐḦ᷿ḻᶆḙḝᶾᴻḦḻḁᶍ ᶱ

ᵸᶪ ᵫᵡᶩᶝᵸᴳ ᵴᶫᶪḙḝᶾᴻḦḻḁ ᶊᶃᵣᶅᶎᴲ∙ ᶆ ᵶᵮ

ᵶᶝᵸ  G
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h. parallel_for ( range ( 1024 ),  

               [=]( id <1> k) { z [k] = x[k] + y[k]; });  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 16 - 2.  CPU ḗᴻḑᶻᶼᶷᴴḁḴḋḑᶆ SIMD ᶱ  

 

SIMD ḮḓḋḐᶱ ᵧᵾ cc -NUMA CPU ᶷᴻ᷂Ḏ᷄ḉḫᴻᶎᴲḦḳḉ᷈ᶷᴴ

ḟḵḃḋ᷊ᴻᶍ ᶱ ᵶᴲ 16 - 3  ᶊ ᵸᶧᵥᶊᴲ ᶉᵮᶇ  ɟ5 ᶃᶍ│ᶉᶪ

ᶆᴲ Ḵḡḳ ᵪᶨ ᶝᶩ ᵣ ᶱ ᶆᵬᶝᵸᴳ 

 

 

 

 

 

 

 

 

 

 

 

 

 
 16 - 3.  ᶱ ᵸ  ᶅ5 ᶃᶍ  

 

 



 

 

424  

 

 

 16 -3  ᶆᶎᴲḁ᷀ḱᴻ ᶍᶷᶻḐᶿḞᶿᴻḈᴻ ᶇᴲ ╗ḁḴḋḑ ᶍ 

SIMD ᶍ ᶊᶧᶂᶅ Ḵḡḳᶍ ᶱ ᵶᶝᵸᴳḁḴḋḑḴ

ḡḳᶍ ᶎᴲ ╗᷈ᶷ ᶆ ᶍḁḴḋḑᶱ ᵸᶪᵪᴲ│ᶉᶪ ᶍ

ᶍ᷈ᶷ ᶆ ᶍḁḴḋḑᶱ ᵸᶪᵲᶇᶆ ᶆᵬᶝᵸᴳ ᶊᶎᴲḁḴḋḑ

Ḵḡḳᶍ ᶎ ᶍᶧᵥᶊ ᶆᵬᶝ :н 

 

 ɯ ᶍ CPU ᶷᴻ᷂Ḏ᷄ḉḫᴻᶆᶎ1Ǝ ᶃᶍ᷈ᶷᵫ 2 ᶃ∙ ᶍḁḴ

ḋḑᶍ ᶱ ᶊ ᶆᵬᶝᵸ  G

 

 ɯ ḟḵḃḋ᷊ᴻ ᶊ 2 ᶃ∙ ᶍ᷈ᶷɵ ᶟḦḳḉ᷈ᶷᴴᶷᴻ᷂Ḏ᷄

ḉḫᴻᴳᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᶎᴲ ᷈ᶷᶱᴲᵸᶘᶅᶍ

Ḳḅᴻḁᶱ ᵧᵾ ᶍḟḵḃḋ᷊ᴻᶇᵶᶅ ᵶᶝᵸᴳ 

 

 ɯ ḟḵḃḋ᷊  ᴻ(ḉḋḟ) ḴḡḳᶆᶍḦḳḉḟḵḃḋ᷿ḻ᷅ᴳ ᶍ᷈

ᴻḑḁḴḋḑᶱ ᵸᶪᵲᶇᶆ ᶆᵬᶝᵸᴳᵼᶍ ᴲḟḵḃḋ᷊וֹ

ᴻᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᵪᶨ 1 ᶃᶍḁḴḋḑᶱ ᵶᴲᶿḢḴᴻḎᶸḻ

᷅ᴴ᷿ḁḎḨᵪᶨ ᶍḁḴḋḑᶱ ᵶᵾᶩᴲ ╗ᶍᶷḟḲ᷆ᴻ᷿ḯḻ

ᵪᶨ ḁḴḋḑᶱ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ 

 

 ɯ ᶎᴲ ᴲḩḋḃᴻḀᴴḙḋ᷿ḻ᷅ᴴḝḴᴻḨḷᴻ᷄ᶱ ᵶᶅ

ᵸᶪ᷈ḻḜḭᴻḇᴻᶍ᷄ḱḁḇᴻ ᶆᴲ ᶍḁḴḋḑᶆ ᵴ

ᶫᶪḟḵḃḁᶱ ᵸᶪᵲᶇᶊᶧᶂᶅ ᵴᶫᶝᵸᴳ 

 

Ḧḳḉḟḵḃḋ᷊ᴻᴴ᷈ḻḜḭᴻḇᴻᶇḦḳḉ᷈ᶷᴴḎ᷄ḖḵḀᴻᵫ╗ ᶊᶉᶪ

ᶊᶃᶫᶅᴲḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪᶊᶎ Ḏ᷄ḖḵḀᴻᶱ ᶉ

ᶇᵶᶅ ᵸᶪᵲᶇᵫ ᶆᵸᴳᵲᶍ ᶍ ᶆᶎᴲḦḳḉ᷈ᶷ CPU ᶆ

ᶍḙḝᶾᴻḦḻḁᶱ ᵸ  ᶅSYCL ᶍ᷈ᴻḏᶸḻ᷅ ᶇḙḝᶾᴻḦḻḁᴴḉ

ḭᴻḓḻ᷅ ᶊᶃᵣᶅ ᵶᶝᵸ G

 

 

 

 

 



 

 

425  

 

 

ᶍ ḗᴻḑᶻᶼ  ʊ(GPU ᶉᶈ) ᶇ ᶊ CƎPU ᶆ ᵸᶪᶍᶊ

ᶉ ᵬᵴᶍḏᴻḇ ᶍḃḋḐᶱ ᵸᶪᵲᶇᵫ ᶆᵸᴳ ᶉḏᴻḇḃḋḐ

ᶱ ᵸᶪḦḳḉḴḡḳ ᶱ ᵸᶪ ᶱ ᵸᵾᶠ  Ǝ16 -4  ᶊ

ᵸ ᶉ C++ STREAM Triad ḟḵ᷅ḱḨᶱ ᵶᶝᵸ G 

 
// C++ STREAM Triad ḷᴻ᷄ḵᴻḑ 

// __restrict ᶎ╥ ᶍḩḪḲᴻᴴᶽᶹḲᶷ᷿ḻ᷅ᵫᶉᵣᵲᶇᶱнᵾᶠᶊ ᵴᶫᶝ  н

template  <typename  T> 

double  triad ( T*  __restrict  VA, T*  __restrict  VB,  

 T*  __restrict  VC, size_t  array_size ,  

 const  T scalar ) {  

double  ts = timer_start ();  

for  ( size_t  id  = 0; id  < array_size; id ++) {  

VC[ id ] = VA[ id ] + scalar * VB[ id ];  

}  

double  te = timer_end ();  

return  (te ï ts);  

}  

 
 16 - 4.  STREAM Triad C++ ḳᴻḟ 

 

 

STREAM Triad ḷᴻ᷄ḵᴻḑᶊ ᵸᶪ ≥  
 

STREAM Triad ḷᴻ᷄ḵᴻḑ ( www.cs.virginia.edu/stream ) 

ᶎ CƎPU ḡḻḈᴻᵫḩḪḲᴻ ╓ ᶍ ᶱ ᵸᶪᵾᶠᶊ ᵸᶪᴲ

╗ ᶉḡḻḉḦᴻ᷄ᴴḷᴻ᷄ḵᴻḑᶆᵸᴳᶆᶎ SƎTREAM Triad ᷀ᴻ

ḕḳᶱ ᵶᶅᴲ ᷀ᴻḕḳᶍ᷈ᴻḑ ᶇᴲᵲᶍ ᶆ ᵸᶪ ᶊ

ᶧᶂᶅ ᶉḙḝᶾᴻḦḻḁᶍ ᶱ ᵸᶪᶧᵥᶊḁ᷆Ḁḭᴻḳᵸᶪ

ᶱ ᵶᶝᵸ  GSTREAM Triad ᶎ ᶉḷᴻ᷄ḵᴻḑᶆᵸᵫᴲ

ᵮᶍ טּ  ɵ( http://www.cs.virginia.edu/stream ) ᶆ ᵶ

ᶣᵸᵣ ᶆ ᵸᶊᶎ ᶆᵸᴳḞḲḁḐḳ ᶍḁḐḲᴻḨ ᶆᵡᶪ 

Babelstream ᶊᶎ SƎYCL ḘᴻḀḯḻᶱ  ɜC++ ᵫ ᶝᶫᶅᵣᶝᵸ  G

 

http://www.cs.virginia.edu/stream
http://www.cs.virginia.edu/stream


 

 

426  

 

 

STREAM Triad ḳᴻḟᶎᴲ᷿Ḳᶷḳ ᶍ ╗ᶍ CPU ᷈ᶷᶱ ᵶᶅ

ᶊ ᶆᵬᶝᵸᴳ ᶫᵾ C++ ᷈ḻḙᶹḱᴻᶎḳᴻḟᶱḡ᷄Ḑḳּטᵶᴲ Ḵḡ

ḳᶍ SIMD ᶱ ᵸᶪḗᴻḑᶻᶼᶷᶱ ᵧᵾ CPU ᵰᶍ SIMD ᷈

ᴻḑᶱ ᵶᶝᵸᴳᵾᶇᵧᶏAƎVX -512 ᶱ᷊ḥᴻḐᵸᶪᶹḻḎḳṸ Xeon Ṹ ḟḵ

ḃḋ᷊ᴻᶍ ᴲᶹḻḎḳṸ C++ ᷈ḻḙᶹḱᴻᶎᴲ 16 -5  ᶊ ᵸᶧᵥᶉ 

SIMD ᷈ᴻḑᶱ ᵶᶝᵸᴳ ᶉᵲᶇᶎᴲ᷈ḻḙᶹḱᴻᶊᶧᶪ᷈ᴻḑ ᶊᶧᶩᴲ

ḳᴻḟ ᵳᶇᶊḷᴻ᷄ ᶱ ᶣᵸᵲᶇᶆ (SIMD ᶇḳᴻḟᶷḻḵᴻḳᶱ

)ᴲḳᴻḟ ᵫ ᵴᶫᶪᵲᶇᶆᵸ G
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 16 - 5. STREAM Triad C++ ḳᴻḟᶍ AVX - 512 ᶷḃḻḞḲᴻᴴ᷈ᴻḑ 
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 16 -5  ᶊ ᵸᶧᵥᶊᴲ᷈ḻḙᶹḱᴻᶎ Ḵḡḳᶍ ᶱ 2 ᶃᶍ ᶆ

ᶆᵬᶝᵸ 1G ᶃ ᶎ SƎIMD ᶱ ᵶᶅ Ḵḡḳᶍḏᴻḇ ᶱ

ᵸᶪ ᶆᵸᴳᵲᶫᶊᶧᶩ1Ǝ ᶃᶍ ᶆ 8 ᶃᶍ ḏᴻḇ  ( ᵡᵾ )ɭ 

ᶱ ᶊ ᶆᵬᶝᵸᴳ ᶊᴲ᷈ḻḙᶹḱᴻᶎᴲḗᴻḑᶻᶼᶷᶍḦḳḉᶻᶼᶹ ḁ᷆

ḀḭᴻḲḻ᷅ᶊ ᶄᵣᶅ Ǝ ᶊ∟ ᶍᶉᵣᵲᶫᶨᶍ ᶍᶷᶻḐᶿḞᶿᴻḈ

ᴻ ᶍ ᶱוֹ ᶪᵾᶠᴲḳᴻḟᶷḻḵᴻḳᶱ ᵶᶝᵶᵾᴳ 

 

ᵲᶍ  ɵCPU ᶆ ᵸᶪᶇᴲ ᶍ᷊ᶹḂᵫ ᵴᵣᶇᵥᶝᵮ ᵴᶫᶪּס

ᵫᵡᶩᶝᵸᵫ CƎPU ᶍḦḳḉ᷈ᶷ ᶣḁḴḋḑ ᶱ ᵶᶅᵣᶉᵣᵾᶠᴲ

ᶊᶎ ᵴᶫᶝᵺᶲᴳᵾᵿᵶᴲᵲᶍ ᶱ CPU ᶆ ᵬᶉ ᷊ᶹḂᶆ

ᵸᶪᶇ 1Ǝ ᶃᶍḁḴḋḑᵫ 1 ᶃᶍ CPU ᷈ᶷᶍᶞᶱ ᵸᶪᵾᶠᴲ᷈ᶷᶍḩḪḲᴻ

╓ ᵫ ᵶᶅḤḐḳḕḋ᷄ᵫ ᵶᴲḙḝᶾᴻḦḻḁᵫ ᶊ סᵸᶪּזּ

ᵫᵡᶩᶝᵸ  G

 

 

ḁḴḋḑḴḡḳᶍ ᶍ  
 

STREAM Triad ᷀ᴻḕḳᶍḙḝᶾᴻḦḻḁᶱ ᵴᵺᶪᶊᶎᴲḳᴻḟᶱ 

parallel_for ᷀ᴻḕḳᶊ ᵸᶪᵲᶇᶆᴲ ᶆᵬ╗ᶅ ᶍḏᴻḇ ᶍ

∫ᶊ ᵶᶅ ᶆᵬᶝᵸ  G

 

ᵲᶍ STREAM Triad SYCL ᷀ᴻḕḳᶍ ᶎᴲ  16 -6  ᶊ ᵸᶧᵥᶊᴲ

CPU ᶆ᷿Ḳᶷḳ C++ ᶆ ᵴᶫ  ᶅSTREAM Triad ḳᴻḟᶍ ᶇᶝᶂᵾ

ᵮ ᵷᶆᵸ  G
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constexpr  int  num_runs = 10;  

constexpr  size_t  scalar = 3;  

 

double  triad ( const  std :: vector <float >& vecA ,  

             const  std :: vector <float >& vecB ,  

             std :: vector <float >& vecC) {  

assert ( vecA . size () == vecB . size () &&  

       vecB . size () == vecC. size ());  

const  size_t  array_size = vecA . size ();  

double  min_time_ns = std :: numeric_limits <double >:: max();  

 

queue  q{ property :: queue ::enable_profiling{}};  

std ::cout << "Running on device: "  

          << q. get_device (). get_info <info :: device ::name>()  

          << " \ n" ;  

 

buffer <float > bufA (vecA);  

buffer <float > bufB (vecB);  

buffer <float > bufC (vecC);  

 

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

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

    accessor  A{bufA, h};  

    accessor  B{bufB, h};  

    accessor  C{bufC, h};  

 

      h. parallel_for (array_size, [=]( id <1> idx ) {  

      C[idx] = A[idx] + B[idx] * scalar;  

    });  

  });  

 

      double  exec_time_ns =  

     Q_event . get_profiling_info < 

     info :: event_profiling ::command_end>() -  

     Q_event . get_profiling_info < 

         info :: event_profiling ::command_start>();  

 

  std ::cout << "Execution time (iteration "  << i  

            << ") [sec]: "  

  << ( double )exec_time_ns * 1.0E - 9 << " \ n" ;  

  min_time_ns = std :: min (min_time_ns, exec_time_ns);  

}  

 

 return  min_time_ns;  

}  

 
 16 - 6.  SYCL STREAM Triad parallel_for ᷀ᴻḕḳ᷈ᴻḑ 
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᷀ᴻḕḳᶎᴲ᷿Ḳᶷḳ C++ ᶍḳᴻḟᶆ ᵴᶫᵾ STREAM Triad 

ᶊᶧᵮ ᶅᵣᶝᵸᵫ pƎarallel_for  ᶊᶧᶂᶅ ᶍ│ᶉᶪ ᶱ ᶍ᷈ᶷᶆ

ᶆᵬᶪᵾᶠᴲᶎᶪᵪᶊ ᶊ ᵶᶝᵸ  G16 - 7  ᶎᴲᵲᶍ᷀ᴻḕḳ  ɵ

CPU ᶊḦḋḜḻ᷅ᵸᶪ ᶱ ᵶᶅᵣᶝᵸᴳ᷿ḁḎḨᵫ 1  ḅ᷆ḋḐ4Ǝ ᷈ᶷᴲ᷈ᶷ

ᶍ 2 ḗᴻḑᶻᶼᶷᴴḁḴḋḑ (  8 ḁḴḋḑ) ᶱ ᵧᴲ ᶆᶎᵼᶫᵽ  ʟ32 

ᶍḷᴻ᷄ ᶱ ᶟḷᴻ᷄᷅ḳᴻḟᶆḏᴻḇᶱ ᵸᶪᶇּי ᵶᶝᵸᴳ  

ᵸᶘᵬ ᶍḏᴻḇ ᵫ 1024 ᵡᶪ ᴲḷᴻ᷄᷅ḳᴻ

ḟᶎ 32 ᶊᶉᶩᶝᵸᴳḷᴻ᷄᷅ḳᴻḟᶍḁ᷆Ḁḭᴻḳᶎᴲḱᶻḻḑḵḛḻ

ᶆ ᵥᵲᶇᵫᶆᵬᶝᵸᴳᶃᶝᶩḁƎḴḋḑ ID  = ḷᴻ᷄᷅ḳᴻḟ ID  mod 8  ᶆ

ᵸᴳ ᶊᴲ ḁḴḋḑᶎ 4 ᶃᶍḷᴻ᷄᷅ḳᴻḟᶱ ᵶᴲ ḱᶻḻḑᶆᴲ8 ᶃᶍ

ḷᴻ᷄᷅ḳᴻḟᶱ ᵶᶅ ᶆᵬᶝᵸᴳᵲᶍ ᴲḷᴻ᷄᷅ḳᴻḟᶎ SYCL ᷈ḻ

ḙᶹḱᴻᶇḱḻḇᶹḨᶊᶧᶂᶅ∆ ᶊ ᵴᶫᶪḷᴻ᷄ ᶍ ᶆᵡᶪᵲᶇᶊ

≥ᵶᶅᵮᵿᵴᵣ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 16 - 7.  STREAM Triad ᷀ᴻḕḳᶍḦḋḜḻ  ᷅

 

SYCL ḟḵ᷅ḱḨᶆᶎᴲḏᴻḇ ᵫᶈᶍᶧᵥᶊ ᵴᶫᴲ│ᶉᶪḟḵḃḋ᷊ᴻᴴ

᷈  ʊ(ᶝᵾᶎḁḴḋḑ) ᶊ ᶩ ᶅᶨᶫᶪᵪᴲᵼᶍ ᶉ ᶎ ᵴᶫᶉᵣᵲ

ᶇᶊ ≥ᵶᶅᵮᵿᵴᵣᴳᵲᶫᶊᶧᶩSƎYCL ᶍ ᶎᴲ ᶍ CPU ᶆ ᷀ᴻ

ḕḳᶱ ᵸᶪ ᶉ ᶱ ᶆᵬᶝᵸ  G 
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ᶇᶎᵣᵧᴲ ᶊᶧᶂᶅᶎᴲḟḵ᷅ḱḦᴻᵫḙḝᶾᴻḦḻḁᶱḉḭᴻḓḻ᷅ᶆᵬᶪᶧ

ᵥᶊ ᶱ ᵸᶪ ᵫᵡᶩᶝ  н( ᵧᶏᴲ᷈ḻḙᶹḱᴻᶍᶿḟ᷿ḯḻᶣ

ᶉᶈ)  G

 

CPU ᶎᴲ ᷈ḁḐᶍᵪᵪᶪḁḴḋḑᶍ᷈ḻḎ᷂ḁḐᴴḁᶹḋḉᶇ ᶿᴻḘᴻ

Ḡḋḑᶱ ᶃּס ᵫᵡᶩᶝᵸᵫᴲḟḵḃḋ᷊ᴻᴴ᷈ᶷᶊ ᵸᶪḅḝḐᶻᶼᶷᴴḁḴ

ḋḑ ᶱ ᶣᵸᵲᶇᶎᴲ ḟḵḃḋ᷊ᴻᴴ᷈ᶷᵫ ᵸᶪḷᴻ᷄ᶱ ᶆᵬᶪᵾᶠᴲ

♬ᶆᵡᶪּס ᵫᵡᶩᶝᵸ  GḅḝḐᶻᶼᶷᴴḁḴḋḑᵫᴲ ᶍḁḴḋḑᵪᶨᶍḏᴻḇ

ᶱ ᵶᶅᵣᶪ ᴲḟḵḃḋ᷊ᴻᴴ᷈ᶷᶱᶷᶹḑḳ ᶊᵸᶪᵲᶇᶉᵮᴲ

ᵫ ᶂᵾ ᶍḅḝḐᶻᶼᶷᴴḁḴḋḑᶊ ᶩ ᵧᶪᵲᶇᵫᶆᵬᶝᵸᴳ 

 

SYCL STREAM Triad ᶍ parallel_for ᷀ᴻḕḳ᷈ᴻḑ  
 

ḁḴḋḑ ᶆḷᴻ᷄ᶱ ᴲᵩᶧᶒḁ᷆Ḁḭᴻḳᵸᶪ וֹ ᶉ ᶱ ᵸ

ᶪᵲᶇᶎ CƎPU ᶣᵼᶍ ᶍḏḘᶹḁḇᶹḟ ᶆᶷḟḲ᷆ᴻ᷿ḯḻᶱ טּ

ᵸᶪᶍᶊ ᶆᵸᴳ∙ ᶍḃ᷿᷄ḯḻᶆᶎᴲᵣᵮᶃᵪᶍ ᶱ ᵶᶝᵸᴳ 

 

 

ḁḴḋḑᴴᶷḝᶸḓḎᶸᴻᶍ  

 

ḁḴḋḑᴴᶷḝᶸḓḎᶸᴻᶇᶎᴲḁḴḋḑᵫ ᵴᶫᶪ CPU ᷈ᶷᶱ ᵸᶪᶡᶍᶆ

ᵸᴳḁḴḋḑᵫ ᶍ᷈ᶷ ᶱ┌ ᵸᶪᶇᴲḙḝᶾᴻḦḻḁᵫ סᵸᶪּזּ ᵫᵡᶩ

ᶝᵸᴳᵾᶇᵧᶏᴲḁḴḋḑᵫ ᵷ᷈ᶷᶊᶉᵣ ᴲḏᴻḇᶎ│ᶉᶪ᷈ᶷ ᶱ┌ ᵸᶪ

ᵾᶠᴲ᷂ḫḋ᷿ḭᶍ ᵫ  ᵶᶝᵸᴳזּ

 

DPC++ ᷈ḻḙᶹḱᴻᶍḱḻḇᶹḨᴴḱᶹḞḱḲᴻᶎᴲSYCL ᶆᶎ ᵴᶫᶅᵣ

ᶉᵣ  DPCPP_CPU_CU_AFFINITYƎDPCPP_CPU_PLACESƎ

DPCPP_CPU_NUM_CUSƎφ ᶧᶒ DPCPP_CPU_SCHEDULE ᶊᶧᶩḁḴḋḑᶱ᷈ᶷᶊ

Ḙᶹḻḑᵸᶪᵣᵮᶃᵪᶍ ᶱ᷊ḥᴻḐᵶᶅᵣᶝᵸᴳ ᶍ ᶆᶡ ᶍ

ᵫ ᵴᶫᶅᵣᶪּס ᵫᵡᶩᶝᵸ  G

 

1 ᶃ ᶎᴲ  DPCPP_CPU_CU_AFFINITY ᶆᵸᴳᵲᶫᶨᶍ ᶊᶧ

ᶪ ᶱ ᵣᵾḉḭᴻḓḻ᷅ᶎᴲ᷿ḻḟḳᵪᶃ ᷈ḁḐᶆᵡᶩᶉᵫᶨᴲ ᵮᶍᶷḟḲ

᷆ᴻ᷿ḯḻᶊ☼ ᵸᶪּס ᵫᵡᶩᶝᵸᴳᵲᶍ ᶍ  ɵ16 -8  ᶊ ᵶᶝ

ᵸ  G
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DPCPP_CPU_CU_AFFINITY  

spread  ḅ᷆ḋḐ 0 ᵪᶨ ᶠᶅᴲḱᶻḻḑḵḛḻ ᶆ ᵸᶪḁḴḋḑᶱᵼ

ᶫᵽᶫ│ᶉᶪḅ᷆ḋḐᶊḘᶹḻḑᵶᶝᵸ 

close  ḅ᷆ḋḐ 0 ᵪᶨ ᶠᶅᴲḱᶻḻḑḵḛḻ ᶆ ᵸᶪḁḴḋḑᶱᵼ

ᶫᵽᶫ│ᶉᶪḗᴻḑᶻᶼᶷᴴḁḴḋḑᶊḘᶹḻḑᵶᶝᵸ 

 
 16 - 8.  DPCPP_CPU_CU_AFFINITY  

 

 DPCPP_CPU_CU_AFFINITY ᵫ ᵴᶫᶅᵣᶪ ᴲḅḝḐᶻᶼᶷᴴḁ

Ḵḋḑᶎ ᶍ ᶊᶧᶂᶅḗᴻḑᶻᶼᶷᴴḁḴḋḑᶊḘᶹḻḑᵴᶫᶝᵸᴳ 

 
spread: boundHT=(tid  mod numHT)+(tid mod numSocket)×numHT)  

close: boundHT=tid  mod (numSocket×numHT)  

 

ᵲᵲᶆ  Ǝ

 

 ɯ tid  ᶎḅḝḐᶻᶼᶷᴴḁḴḋḑ ᶱ ᵶᶝᵸ 

 

 ɯ boundHT ᶎᴲḁḴḋḑ tid  ᵫḘᶹḻḑᵴᶫᶅᵣᶪḗᴻḑᶻᶼᶷᴴḁḴ

ḋḑ ( ᷈ )ʊ ᶱ ᵶᶝ  н

 

 ɯ numHT ᶎḅ᷆ḋḐᵡᵾᶩᶍḗᴻḑᶻᶼᶷᴴḁḴḋḑ ᶱ ᵶᶝᵸ 

 

 ɯ numSocket  ᶎ᷿ḁḎḨ ᶍḅ᷆ḋḐ ᶱ ᵶᶝ н

 

ḏḭᶷḳ᷈ᶷᴴḏḭᶷḳḅ᷆ḋḐᴴ᷿ḁḎḨ ᶆᴲ8 ᶃᶍḁḴḋḑᶱ ᶃḟḵ᷅ḱḨ

ᶱ ᵸᶪᶇּי ᵸᶪᶇᴲ  8 ᶃᶍḁḴḋḑᶱ ᶃ 4 ᶃᶍ᷈ᶷᶱḟḵ᷅ḱḨᵸ

ᶪᶇᵣᵥᵲᶇᶊᶉᶩᶝᵸ  G16 -9  ᶎᴲ│ᶉ  ᶅDPCPP_CPU_CU_AFFINITY 

ᶊ ᵶᶅᴲḁḴḋḑᵫḗᴻḑᶻᶼᶷᴴḁḴḋḑᶇ᷈ᶷᶊᶈᶍᶧᵥᶊḦḋḜḻ᷅ᵴᶫᶪᵪ

ᵶᶅᵣᶝᵸ  G

 

 

 

 

 

 



 

 

433  

 

 
DPCPP_CPU_CU_AFFINITY ḅ᷆ḋḐ 0  ḅ᷆ḋḐ 1 

᷈  ʊ0  ᷈  ʊ1 ᷈  ʊ2  ᷈  ʊ3  
spread  <T0, T4>  <T2, T6>  <T1, T5>  <T3, T7>  

close  <T0, T1>  <T2, T3>  <T4, T5>  <T6, T7>  

 
 16 - 9.  ḗᴻḑᶻᶼᶷᴴḁḴḋḑᶱ ᵶᶅḁḴḋḑᶱ᷈ᶷᶊḦḋḜḻ᷅ 

 

 DPCPP_CPU_CU_ AFFINITY ᶇ ᶞ ᶮᵺᶅ CƎPU ᶍḙḝᶾᴻḦḻ

ḁᴴḉḭᴻḓḻ᷅ᶱ᷊ḥᴻḐᵸᶪ ᶍ ᶡᵡᶩᶝᵸ: 

 

 ɯ DPCPP_CPU_NUM_CUS = [n]Ǝ ᷀ᴻḕḳᶍ ᶊ ᵸᶪḁḴḋ

ḑ ᶱ ᵶᶝᵸᴳḏḝᶾḳḐ ᶎᴲ᷿ḁḎḨ ᶍḗᴻḑᶻᶼᶷᴴḁḴ

ḋḑ ᶆᵸ  G

 

 ɯ DPCPP_CPU_PLACES = [ sockets | numa_domains | 

cores | threads ]  ᶎ OƎpenMP 5.1 ᶍ OMP_PLACES ᶇ

ᶊᴲᶷḝᶸḓḎᶸᴻᵫ ᵴᶫᶪ ᶱ ᵶᶝᵸᴳḏḝᶾḳḐ

ᶎ cores  ᶆᵸ  G

 

 ɯ DPCPP_CPU_SCHEDULE = [ dynamic | affinity | 

static ]  ᶎᴲḷᴻ᷄᷅ḳᴻḟᶍḁ᷆Ḁḭᴻḳ ᶷḳ᷉ḲḂḨᶱ

ᵶᶝᵸᴳḏḝᶾḳḐ ᶎ dynamic  ᶆᵸ  G

 

dynamic: auto_partitioner  ᶱ ᶊᵶᶝᵸᴳᵲᶫᶎ ᴲḷ

ᴻ᷀ᴻḁḴḋḑ ᶍ ᶊ ᶉ ᶱ ᵣᶝᵸ G

 

affinity : ᷂ḫḋ᷿ḭᴴᶷḝᶸḓḎᶸᴻᶱ ᵶᴲ᷊Ḟ ∫ᶱḷᴻ᷀

ᴻḁḴḋḑᶊḦḋḜḻ᷅ᵸᶪᶇᵬᶊ ᶱ ᵸᶪᴲ

affinity_partitioner  ᶱ ᶊᵶᶝᵸ  G

 

static: static_partitioner  ᶱ ᶊᵶᶝᵸᴳᵲᶫᶊᶧᶩᴲ

ᵫḷᴻ᷀ᴻḁḴḋḑ ᶆּס ᶉ ᶩ ╗ᶊ ᵴᶫᶝᵸᴳ 
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ᶹḻḎḳᶍ OpenCL CPU ḱḻḇᶹḨᶱ ᵸ  ᶅCPU ᶆ ᵸᶪ ᴲḷ

ᴻ᷄᷅ḳᴻḟᶍḁ᷆ḀḭᴻḳᶎḁḴḋḏᶸḻ᷅ᴴḛḳḏᶸḻ᷅ᴴḞḵḋ᷄ (TBB) ḱᶹ

ḞḱḲᴻᶆ ᵴᶫᶝᵸ DGPCPP_CPU_SCHEDULE ᶱ ᵸᶪᶇᴲᶈᶍ TBB ḙᴻ

Ḏᶸ᷿ḯḒᴻᶱ ᵸᶪᵪ ᶆᵬᶝᵸTGBB ḙᴻḎᶸ᷿ḯḒᴻᶎᴲḷᴻ᷄ ᶱ

ᵸᶪᵾᶠ ᶡ ᵶᶅᵩᶩᴲḏḝᶾḳḐᶍ ᶎ 1 ᶆᴲᵲᶫᶎᵸᶘᶅᶍḷᴻ

᷄᷅ḳᴻḟᶱ ᵶᶅ ᶆᵬᶪᵲᶇᶱ≥ ᵶᶝᵸᴳ ᶊᶃᵣᶅᶎᴲ

tinyurl.com/oneTBBpart  ᶱᵳ ᵮᵿᵴᵣ  G

 

ḁḴḋḑᴴᶷḝᶸḓḎᶸᴻᶍ ᵫ ᵮᶅᶡᴲḙḝᶾᴻḦḻḁᵫ ᵸᶪᶇᶎזּ ᶩ

ᶝᵺᶲᴳḙḝᶾᴻḦḻḁᶎᴲḁḴḋḑᶇḏᴻḇᶍ ᶣ ᶍ ᵣᶧᶩᶡᴲ

ᵴᶫᶪḁḴḋḑᶍ ᶊ ᵬᵮ █ᵴᶫᶝᵸᴳḡḻḉḦᴻ᷄ᶊᶧᶩᶷḟḲ᷆ᴻ᷿

ḯḻᶱḎḁḐᵸᶪᵲᶇᶎᴲḁḴḋḑᴴᶷḝᶸḓḎᶸᴻᵫḙḝᶾᴻḦḻḁᶊ☼ ᵸᶪᵪᶈ

ᵥᵪ ᶊ ᵸᶪ╗ᶃᶍ ᶆᵸᴳ  16 -1 ᶊ ᵸ᷿ḁḎḨᶆᶎ SƎTREAM 

Triad ᷈ᴻḑᶎᴲḁḴḋḑᴴᶷḝᶸḓḎᶸᴻᶍ ᵫᶉᵣ ᴲḙḝᶾᴻḦḻḁᶎ ᵮ

ᶎᵡᶩᶝᵺᶲᶆᵶᵾ  GᶷḝᶸḓḎᶸᴻᶱ ᵶᴲ ᶊᶧᶩḅḝḐᶻᶼᶷᴴḁḴḋ

ḑᶍ ḁ᷆Ḁḭᴻḳᶱ ᵸᶪᵲᶇᶆᴲḙḝᶾᴻḦḻḁᵫ ᵶᶝᵶᵾ: 

 
export DPCPP_CPU_PLACES=numa_domains (Linux)  

export DPCPP_CPU_CU_AFFINITY=close (Linux)  

 

set DPCPP_CPU_PLACES=numa_domains (Windows)  

set DPCPP_CPU_CU_AFFINITY=close (Windows)  

 

ᶷḝᶸḓḎᶸᴻᶊ numa_domains  ᶱ ᵸᶪᵲᶇᶆ TƎBB ḇḁ᷄ᶷḲᴻḒᶎ 

NUMA Ḗᴻḑᴲᶝᵾᶎḅ᷆ḋḐᶊḘᶹḻḑᵴᶫᴲḷᴻ᷄ᶎḇḁ᷄ᶷḲᴻḒ ᶊ

ᶊ ᵴᶫᶝᵸᴳ╗ ᶊᴲ  DPCPP_CPU_PLACES ᶎᴲ

DPCPP_CPU_CU_AFFINITY ᶇ ᶊ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳᵲᶫᶨᶍ

ᶱ ᵸᶪᵲᶇᶆ 2Ǝ.5GHz ᶆ ᵸ  ᶅ2 ḅ᷆ḋḐᴲḅ᷆ḋḐᵡᵾᶩ 28 ᷈ᶷᴲ᷈ᶷ

ᵡᵾ  ɭ2 ḗᴻḑᶻᶼᶷᴴḁḴḋḑᶍᶹḻḎḳṸ Xeon Ṹ ᷊ᴻḘᴻ᷿ḁḎḨᶆᴲ  

30% ᶍḙḝᶾᴻḦḻḁ ᶱ ᶆᵬᶝᵸᴳᵶᵪᵶᴲᵲᶍ CPU ᶍḙḝᶾᴻḦḻḁ

ᶱᵴᶨᶊ ᵴᵺᶪ ᶍ ᶎᵡᶩᶝᵸ  G

 

 

https://tinyurl.com/oneTBBpart
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ḩḪḲᴻᶗᶍḝᶶᴻḁḐḇḋḉᶊ ≥ 

 

ḩḪḲᴻᶎᴲ ᶊᶷ᷄ḃḁᵴᶫᵾ  ( ᵴᶫᵾ ) ᶊ ᵴᶫᶝᵸᴳᵲᶍ

ᶍ ḳᴻḟᶎᴲḣḁḐḁḴḋḑᶆ᷿Ḳᶷḳᶊטּ ᵴᶫᶪᵾᶠᴲᵸᶘᶅᶍḩḪḲᴻ

ᶎḣḁḐḁḴḋḑᵫ ᵴᶫᶅᵣᶪḅ᷆ḋḐᶊ ᵰᶨᶫᶝᵸᴳᵼᶍ ᴲ ᶍḅ᷆

ḋḐᵪᶨᶷ᷄ḃḁᵴᶫᶪᶇᴲ ᶊטּ ᵴᶫᵾ ᶍḅ᷆ḋḐᶍḩḪḲᴻᶍḏᴻḇ

ᶊᶷ᷄ḃḁᵸᶪᵾᶠᴲḙḝᶾᴻḦḻḁᶍ ᵪᶨᶎ ᶨᵪᶊ ᶝᵶᵮχ ᶩᶝᵺᶲ  G 

 16 -10  ᶊ ᵸᶧᵥᶊᴲ ḳᴻḟᶱטּ ᵶᶅḅ᷆ḋḐטּ ᶆḝᶶᴻḁḐḇḋḉ

ᶱוֹ ᵸᶪᵲᶇᶆ SƎTREAM Triad ᷀ᴻḕḳᶍḙḝᶾᴻḦḻḁᶱ ᶆᵬᶝ

ᵸ  G

 
template  <typename  T> 

void  init ( queue&  deviceQueue , T*  VA, T*  VB, T*  VC,  

          size_t  array_size ) {  

 range <1> numOfItems{array_size};  

 

 buffer <T, 1> bufferA (VA, numOfItems);  

 buffer <T, 1> bufferB (VB, numOfItems);  

 buffer <T, 1> bufferC (VC, numOfItems);  

 

 auto  queue_event = deviceQueue . submit ([&]( handler&  cgh ) {  

 auto  aA = bufA . template  get_access <sycl_write >(cgh);  

 auto  aB = bufB . template  get_access <sycl_write >(cgh);  

 auto  aC = bufC . template  get_access <sycl_write >(cgh);  

 

 cgh . parallel_for <class  Init <T>>(numOfItems, [=](id< 1> wi) {  

 aA[wi] = 2.0 ;  

 aB[wi] = 1.0 ;  

 aC[wi] = 0.0 ;  

 });  

 });  

 
 queue_event . wait ();  

}  

 
 16 - 10.  STREAM Triad ּ᷀טᴻḕḳᶊᶧᶪḝᶶᴻḁḐḇḋḉ ᶍוֹ  

 

ᴻḑᶊ᷈טּ ᶱ ᵸᶪᵲᶇᶆCƎPU ᶆ᷀ᴻḕḳᶱ ᵶᵾ ᶍ

ḙḝᶾᴻḦḻḁᵫ ᵶᶝᵸᴳᵲᶍ ᶆᶎᴲᶹḻḎḳṸ Xeon Ṹ ḟḵḃḋ᷊ᴻᴴ᷿ḁḎ

Ḩᶊᵩᵣᶅ  2 ᶍḙḝᶾᴻḦḻḁ ᶱ ᵶᶝᵶᵾᴳ 
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ᶍᵲᶫᶝᶆᶍ ᶆᶎᴲḁḴḋḑḴḡḳᶍ ᶱ ᵸᶪᵲᶇᶆᴲCPU ᷈ᶷ

ᶇḁḴḋḑᶱ וֹ ᶊ ᶆᵬᶪᵲᶇᶱ ᵶᶅᵬᶝᵶᵾᴳᵶᵪᵶᴲ ᶍḙḝᶾᴻḦ

ḻḁᶱ ᵸᶪᶊᶎ CƎPU ᷈ᶷᴴḗᴻḑᶻᶼᶷᶊᶧᶪ SIMD ḡ᷄ḐḳḴḡḳᶍ

ᶡ ᵸᶪ ᵫᵡᶩᶝᵸ  G

SYCL ᶍ ᷀ᴻḕḳᶎᴲ᷈ᶷ ᵩᶧᶒḗᴻḑᶻᶼᶷᴴḁḴḋḑ ᶆᶍḁḴḋḑḴ

ḡḳᶍ ᶍּג ᶱ ᶨᶫᶝᵸ  G

CPU ᶍ SIMD ḡ᷄Ḑḳּט 
 

ᶊ ᵴᶫᵾᴲḷᴻ᷄ ᶆ∟ ᶍᶉ  rSYCL ᷀ᴻḕḳᶎ CƎPU 

ᶆ ᵮ ᶆᵬᶝᵸᵫᴲ ᶊᶧᶂᶅᶎ  Ǝ15 ᶆ ᵶᵾ GPU ᷊ḥ

ᴻḐᶇ ᶊ SƎIMD ḗᴻḑᶻᶼᶷᶱ ᵸᶪᵾ  fSYCL ᷀ᴻḕḳᶊḡ᷄Ḑḳּטᶱ

ᶆᵬᶝᵸᴳ ᶊ CƎPU ḟḵḃḋ᷊ᴻᶆᶎᴲᶚᶇᶲᶈᶍḏᴻḇ ᵫ ᵶ

ᵾḩḪḲᴻ ╓ᶊᵡᶩᴲḏᴻḇ ᷀ᴻḕḳ ᶆᶎ ᵷ ḝḵᴻ ᶱᵾᶈᶪᶇ

ᵣᵥ ᶱ ᵸᶪᵲᶇᶆ SƎIMD ᶱ ᵣᵾḩḪḲᴻᶍḵᴻḑᴲḁḐᶷᴲᵩᶧᶒ

ⱳ ᶱ ᶆᵬᶝᵸᴳטּ ᵧᶏ aƎ[i] = a[i] + b[i]  ḁḎᴻḐḩḻḐᶱ ᶃ᷀

ᴻḕḳᶆᶎᴲ ḏᴻḇ ᶎᴲ ᶍḏᴻḇ ᶆḗᴻḑᶻᶼᶷᴴḵḀḋ᷄ᶱ

ᵶᴲᵼᶫᶨᶱ᷅ḳᴻḟּטᵶᶅ ᵸᶪᵲᶇᶊᶧᶩᴲ ᵷ ḁḐḲᴻḨ load lƎoad ᴲ

addᴲᵩᶧᶒ store  ᶱ ᶆᵬᶝᵸᴳᵲᶫᶎᴲḗᴻḑᶻᶼᶷᶍ SIMD ḃḋḐᶊ

ᶊḦḋḜḻ᷅ᶆᵬᶝᵸᴳ ᶊᶎᴲ ╗ᶍ ᶆ ᶍḏᴻḇ ᶱ ᶊ

ᶆᵬᶝᵸ  G

 

╗ᶍ ᶆ ᶊ ᵴᶫᶪḏᴻḇ ᶍ ᶎᴲ ᶝᵾᶎᵼᶫᶱ ᵸᶪ

ḟḵḃḋ᷊ᴻᶍḡ᷄Ḑḳ  (ᶝᵾᶎ SIMD ) ᶇ ᶏᶫᶝᵸᴳ  16 -11  ᶆᶎᴲ

ḁḐḲᴻḨᶎ 4 ᶻᶼ  ʋSIMD ᶆ ᵴᶫᶝᵸ  G
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 16 - 11.  SIMD ᶍ ḁḐḲᴻḨ 

 

SIMD ḃḋḐᶱ ᵸᶪᶍᶎ CPU ḟḵḃḋ᷊ᴻᵿᵰᶆᶎᵡᶩᶝᵺᶲᴳ

GPU ᶉᶈ ᶍḟḵḃḋ᷊ᴻᶆᶡᴲ ḏᴻḇᶍ ᶱ ᵴᵺᶪᵾ f

SIMD ḃḋḐᵫ ᵴᶫᶅᵣᶝᵸᴳᶹḻḎḳṸ Xeon Ṹ CPU ḟḵḃḋ᷊ᴻᶇ

ᶍḟḵḃḋ᷊ᴻᴴḇᶹḟᶍ ᶉ┴ᵣᶎᴲּס ᶍ SIMD ḴḀḁḇᴻ ᶆᶎᶉᵮᴲ

128 ḛḋḐ XMM 2Ǝ56 ḛḋḐ YMM 5Ǝ12 ḛḋḐ ZMM ᶍ 3 ᶃᶍ ᷊ᶹḂ 

SIMD ḴḀḁḇᴻ ᶱ ᵧᶅᵣᶪ ᶆᵸᴳ᷊Ḟ᷅ḳᴻḟ ᶝᵾᶎḡ᷄Ḑḳ ᶱ

ᵶᶅ SIMD ᶆ SYCL ᷈ᴻḑᶱ ᵸᶪ  (  11 ᶱ )ᴲḗᴻḑ

ᶻᶼᶷ ᶍ SIMD ᶇ SIMD ḡ᷄ḐḳḴḀḁḇᴻ ᶊ ≥ᵸᶪ ᵫᵡᶩᶝᵸᴳ 

 

SIMD ᶍ ᶱ  

 

ḃḦḻḎᶸ᷄ḁ ᶊ ᵧᶏSƎYCL Ḫḏḳᶎ SƎIMD ᶱᵡᶨᶥᶪ᷀ᴻḕḳ

ᶊ ᵸᶪᵲᶇᶱ ᵶᴲ ḷᴻ᷄᷅ḳᴻḟᶍḷᴻ᷄ ᶍḃḋḐ (ᶃᶝᶩ᷊Ḟ᷅

ḳᴻḟ)  ᶱ SIMD ᶆ ᶊ ᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳ ᶊᶧᶂᶅᶎᴲ᷀ᴻḕ

ḳ ᶍḳᴻḟᶆ SIMD ᶱ ᵸᶪ ᶡᵡᶩᶝᵸᵫᴲᵲᶫᶎ ᶍḏᴻḇ∟

ᵫᵸᶘᶅ┐ ᵴᶫᶅᵣᶪ ᴲᶝᵾᶎḟḱᶹḡᴻḐּטᶇḲḈ᷿᷄ḯḻᴴḃḦḻḎᶸ

᷄ḁᶊ ᶄᵣᶅ᷈ḻḙᶹḱᴻᶊᶧᶂᶅḏᴻḇ∟ ᵫ ᵴᶫᶪ ᶊ ᶂᶅּס

ᶆᵸ  Gᵲᶍᶧᵥᶉ ᶆᶎᴲ᷊Ḟ᷅ḳᴻḟᶍ᷊ᶹḂᵫ 1 ᶆᵡᶪּס ᵫᵡᶩᶝᵸ  G

 

╗ᶍ SYCL ᷀ᴻḕḳ ᶎᴲḷᴻ᷄᷅ḳᴻḟ ᶍ SIMD ᶱ ᵸᶪᵲ

ᶇᶆᴲ ╗ᶍḷᴻ᷄ ᵪᶨ╗ ᶍḷᴻ᷄ ᶍ ᶗ ᶆᵬᶝᵸNGD - range 

Ḫḏḳᶆᶎᴲ᷈ḻḙᶹḱᴻᶍḡ᷄ḇḱᶹ᷾ᴻᶎᴲSIMD ᷈ᴻḑᶱ ᵸᶪᵾᶠ ᶡ

ᶊ ᵸטּ  ᶅ(ḮḓḋḐḁḐḱᶹḑᶍ) ᶱ ᵶᶝᵸ  G 
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ᶊ NƎD - range ᶆḡ᷄Ḑḳּטᶱ ᶊᵸᶪᶊᶎᴲ ᵷ᷊Ḟ᷅ḳᴻḟ ᶍ

≥ᶍ 2 ᶃᶍḷᴻ᷄ ᶊ∟ ᵫ ᵶᶉᵣᵪᴲ᷈ḻḙᶹḱᴻᵫ ᵷ᷊Ḟ᷅

ḳᴻḟ ᶍḷᴻ᷄ ᶍ ∟ ᶱ┐ ᵸᶪ ᵫᵡᶩᶝᵸ G

 

᷀ᴻḕḳᶍḷᴻ᷄ ᶍ ᵫ CPU ᶍḁḴḋḑᶊḦḋḜḻ᷅ᵴᶫᶪ ᴲ

ᶍ ᶎ᷈ḁḐᵫ ᵮᴲḁḴḋḑᶍ᷈ḻḎ᷂ḁḐᴴḁᶹḋḉᶍᶿᴻḘᴻḠḋḑᶡ

ᵬᵮᶉᶪᵲᶇᵫ ᶨᶫᶅᵣᶝᵸᴳᵶᵾᵫᶂᶅᴲCPU ᵰᶍ SYCL ᷀ᴻḕḳᶱ

ᵸᶪ ᴲḷᴻ᷄᷅ḳᴻḟ ᶍḷᴻ᷄ ᶍ∟ ᶱ ᵸᶪᵲᶇᵫ ᶉḙ

ḝᶾᴻḦḻḁ ᶇᶉᶩᶝᵸᴳᶡᵥ 1 ᶃᶍטּ וֹ ᶉᶷḟḵᴻḉᶎᴲ  16 - 12  ᶍ

ᵬ ᶞ ᶍ ᶞ ᶩ∟ ᶊ ᵸᶧᵥᶊᴲ∟ ᶱ᷊Ḟ᷅ḳᴻḟ ᶍḷᴻ

᷄ ᶊ ᵸᶪᵲᶇᶆᵸᴳ᷊Ḟ᷅ḳᴻḟᵫ SIMD Ḫḏḳᶆ ᵴᶫᶪ ᴲ

᷀ᴻḕḳ ᶍ᷊Ḟ᷅ḳᴻḟᴴḘḲᶷᶎ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ NOP ᶇᵶᶅ⅛ᶮ

ᶫᶪᵾᶠᴲ ᶊ ᷈ḁḐᶎ ᵶᶝᵺᶲᴳ 
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const  int  n = 16, w = 16;  

 

queue  q;  

range <2> G = {n, w};  

range <2> L = { 1, w};  

 

int  *a = malloc_shared <int >(n * (n + 1), q);  

 

for  ( int  i = 0; i < n; i++)  

 for  ( int  j = 0; j < n + 1; j++) a[i * n + j] = i + j;  

 

q.parallel_for( . parallel_for (  

nd_range <2>{G, L},  

    [=]( nd_item <2> it ) [[sycl::reqd_sub_group_size( w)]] {  

  // 16 ᶻᶼᶹᶍ ᶆ᷊Ḟ᷅ḳᴻḟ ᶊ 

  // ╗ᶉ "i" ᶱ  

    const  int  i = it . get_global_id ( 0);  

    sub_group  sg = it . get_sub_group ();  

 

    for  ( int  j = sg . get_local_id ()[ 0]; j < n; j += w) {  

    // ḳᴻḟ᷂ḫḲᴻᴴḝᶾḷᴻḑ∟ ᶱ┐ ᵸᶪᵾᶠᴲ 

    // a[i*n+j:16] ᶱ ᵸᶪ ᶊ a[i*n+j+1:16] ᶱḵᴻḑ  

    auto   va = a[i * n + j + 1];  

      group_barrier (sg);  

      a[i * n + j] = va + i + 2;  

    }  

    group_barrier (sg);  

   })  

. wait ();  

 
 16 - 12.  ᷊Ḟ᷅ḳᴻḟᶱ ᵶᶅᴲ ∟ ᶍᵡᶪḳᴻḟᶱḡ᷄Ḑḳּט 

 

᷀ᴻḕḳᶎḡ᷄Ḑḳּטᵴᶫᶅᵩ  ɭ(ḡ᷄Ḑḳ  8 ᶱ )ᴲᵼᶍ SIMD ᶱ  

16 -13  ᶊ ᵶᶝᵸᴳḷᴻ᷄᷅ḳᴻḟᶎ᷅ḳᴻḟ᷊ᶹḂᵫ (1 8Ǝ)  ᶆ ᵴᶫᴲ᷀ᴻ

ḕḳ ᶍḳᴻḟ ᶎᵲᶫᶨᶍ᷊Ḟ᷅ḳᴻḟᶍḷᴻ᷄ ᶊ ᵴᶫ8Ǝ ᶻᶼ  ʋ

SIMD ᶆ ᵴᶫᶝᵸ  G
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 16 - 13.  ∟ ᶱ ᶃḳᴻḟᶍ SIMD ḡ᷄Ḑḳּט 

 

ᵲᶍ ᶆᶎᴲ᷀ᴻḕḳ ᶍḳᴻḟᵫḙḝᶾᴻḦḻḁᶊ☼ ᵶᶅᵣᶪ ᴲ᷊Ḟ᷅

ḳᴻḟ ᶆ SIMD ḡ᷄Ḑḳּטᶱ ᵸᶪᵲᶇᶆḙḝᶾᴻḦḻḁᵫ ᶊ ᵶ

ᶝᵸ  G

 

ḏᴻḇ ᶱ ᵸ  ᶅSIMD ᶱ ᵸᶪᵲᶇᶎᴲ᷀ᴻḕḳᶍḙḝᶾᴻ

Ḧḻḁ  ɵCPU ᷈ᶷ ᶣḗᴻḑᶻᶼᶷᴴḁḴḋḑ ᶱ ᵧᶅ ᵸᶪ╗ᶃᶍ ᶆᵸᴳ 

 

SIMD Ḧḁ᷄ᶇ᷈ḁḐ 

 

ᶍᶷḟḲ᷆ᴻ᷿ḯḻᶆᶎᴲif  ᶉᶈᶍ aƎ = b > a  ? a: b  ᶍᶧᵥᶉ

ᴲּס ᶍ ᶱ ᶟḳᴻḟsƎwitch  ᶉᶈᵫᵡᶩᶝᵸᴳ ᵬᶍ

ᶎᴲḁ᷀ḱᴻ ḝḵᴻᵫ ᵷ᷈ᴻḑḙḁᶱ ᵶᶉᵣ ╣ᶇᶉᶩᴲGPU (  

15 ) ᶆᶍ ᶇ ᶊᴲḙḝᶾᴻḦḻḁᶍ סᶊᶃᶉᵫᶪּזּ ᵫᵡᶩᶝᵸᴳ

SIMD Ḧḁ᷄ᶇᶎᴲ᷀ᴻḕḳ ᶍ ᵪᶨ ᵴᶫᶪᴲ ᵫ 1 ᶝᵾᶎ 0 ᶍḛḋ

Ḑᶍ ᶆᵸ  G A={1, 2, 3, 4} BƎ={3, 7, 8, 1}  ᶆ  a < b  ᶍ ᶱ

ᵧᶝᵸ  G  
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ᶊᶧᶩᴲḗᴻḑᶻᶼᶷᴴḦḁ᷄ᴴḴḀḁḇᴻᶊ ᵴᶫᶪ 4 ᶃᶍ  {1, 1, 1, 

0}  ᶱ ᶃḦḁ᷄ᵫ ᵴᶫᴲ ᶊᶧᶂᶅ ᵴᶫᵾ ( ᵴᶫᵾ) ᷈ᴻḑᶱטּ

ᶍ SIMD ᶍᶈᶍḴᴻḻᶆ ᵸᶪᵪᵫ ᵶᶝᵸ G

 

᷀ᴻḕḳᶊ ᵬ᷈ᴻḑᵫ ᶝᶫᶅᵣᶪ ᴲ ḏᴻḇ  (SIMD ᶍḴ

ᴻḻ) ᶊ ᵰᶨᶫᵾḦḁ᷄ḛḋḐᶊ ᶄᵣᶅ ᵴᶫᶪḦḁ᷄ ᶱ ᵣᶅḡ

᷄Ḑḳּטᵴᶫᶝᵸᴳ ḏᴻḇ ᶍḦḁ᷄ḛḋḐᶎᴲḦḁ᷄ḴḀḁḇᴻ ᶍ ꞌᵸᶪ

ḛḋḐᶆᵸ  G

 

Ḧḁ᷄ᶱ ᵸᶪᶇᴲḦḁ᷄ᶉᵶᶍ᷈ᴻḑᶊ ᶘḙḝᶾᴻḦḻḁᵫ ᵶᶝᵸᴳᵲזּ

ᶫᶎ∙ּזᶍ ╣ᵫ ᵧᶨᶫᶝᵸ  G

 

 ɯ ḵᴻḑᵳᶇᶍḦḁ᷄ḞḴḻḑ  

 

 ɯ ḏḁḎᶸḕᴻ᷿ḯḻᶗᶍ∟  

 

Ḧḁ᷄ᶊᶎ᷈ḁḐᵫ ᵥᵾᶠ ᶉ ᶊᶍᶞ ᵶᶝᵸᴳ᷀ᴻḕḳᵫḷᴻ᷄

ᶍ ᶉ᷅ḳᴻḟּטᶱ ᵧᵾ ND -range ᷀ᴻḕḳᶆᵡᶪ ᴲḦḁ᷄᷈ḁḐ

ᶱ ᶊ ᵧᶅ SIMD ᶱ ᵸᶪᵾᶠטּ  ƎND - range ᶍḷᴻ᷄᷅ḳᴻ

ḟᴴ᷊ᶹḂ ᶊᶎ ≥ᵫ ᶆᵸᴳḷᴻ᷄᷅ḳᴻḟᶍ᷊ᶹḂᵫḟḵḃḋ᷊ᴻᶍ 

SIMD ᶆ ᶊ ᶩ ᶫᶉᵣ ᴲḷᴻ᷄᷅ḳᴻḟᶍ╗ ᵫ᷀ᴻḕḳᶍḦḁ᷄

ᶱ ᵶᶅ ᵴᶫᶪּס ᵫᵡᶩᶝᵸ  G

 

 16 -14  ᶎᴲḦᴻḀḦḁ᷄ᶱ ᵸᶪ ᶊᶈᶍᶧᵥᶊḏḁḎᶸḕᴻ᷿ḯḻᴴḴḀ

ḁḇᴻᶇ∟ ᵫ ᵷᶪᵪ ᵶᶅᵣᶝ :н 

 

 ɯ Ḧḁ᷄ᵫᶉᵣ ᴲḟḵḃḋ᷊ᴻᶎ 1 ᷊ᶹ᷄ḳᵡᵾ  ɭ2 ᶍ  

( vmulps ) ᶱ ᵶᶝᵸ  G

 

 ɯ ḦᴻḀḦḁ᷄ᶆᶎᴲ  (vmulps ) ᵫ ᶱḏḁḎᶸḕᴻ᷿ḯוֹ

ḻᴴḴḀḁḇᴻᶊ ᵸᶪᵾᶠᴲḟḵḃḋ᷊ᴻᶎ 4 ᷊ᶹ᷄ḳᵳᶇᶊ 2 

ᶍ ᶱ ᵶᶝ  н(  16 -17  )  G

 

 ɯ ḄḵḦḁ᷄ᶆᶎᴲḏḁḎᶸḕᴻ᷿ḯḻᴴḴḀḁḇᴻᶇ∟ ᶱ ᵾ

ᶉᵣᵾᶠ 1Ǝ ᷊ᶹ᷄ḳᵡᵾ  ɭ2 ᶍ  ( vmulps ) ᶱ ᶆᵬᶝ

ᵸ  G
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 16 - 14.  ᷀ᴻḕḳᶆḦḁ᷄ᶱ  v3 ᶃᶍḦḁ᷄᷈ᴻḑ 

 

ᶷḱᶹḩḻḐᵴᶫᵾḏᴻḇᶍ᷂ḫḋ᷿ḭᶗᶍᶷ᷄ḃḁᶎᴲᶷḱᶹḩḻḐᵴᶫᶅᵣᶉᵣ

ḏᴻḇᶗᶍᶷ᷄ḃḁᶧᶩ ᵣḙḝᶾᴻḦḻḁᶱᶡᵾᶨᵶᶝᵸᴳ ᵮᶍ ᴲᶷḑḴḁ

ᶎ᷈ḻḙᶹḳ ᶊ ᶆᵡᶪᵪᴲ ᵶᶅᵣᶅᶡᶷḱᶹḩḻḐᵴᶫᶅᵣᶝᵺᶲᴳ ḳᴻ

ḟᶆᶎᴲḩḪḲᴻᶷ᷄ḃḁᶍḜᴻḲḻ᷅ᶱ ᵶᶅᴲᶷḱᶹḻḩḻḐᵴᶫᵾᶷḑḴḁᶊ

ᵸᶪᶝᶆḦḁ᷄ᶷ᷄ḃḁᶊᶧᶩ ᵪᶨᵣᵮᶃᵪᶍ ᶱ ᵶᴲᵼᶍ ᴲḦḳḉ

ḘᴻḀḯḻ ᶱ ᵶᶅḦḁ᷄ᵴᶫᶅᵣᶉᵣᶷ᷄ḃḁᶇᴲḦḁ᷄ᵴᶫᵾᶷ᷄ḃḁᶆ

ᶩᶱ ᵫᶆᵬᶝᵸᴳᵲᶍ ᶎ᷈ᴻḑ᷊ᶹḂᶱ ᵴᵺᶝᵸᵫᴲḏᴻḇנּ

ᶍḙḝᶾᴻḦḻḁᶱ ᵶᶝᵸᴳ ᷀ᴻḕḳᶆᶎᴲḟḵ᷅ḱḦᴻᶎ ᶍ

ᶱ ᶆ ᵶᵾᶩᴲ ᶩ ᶅᵫ ᶊᶷḱᶹḻḩḻḐᵴᶫᶪᶧᵥᶊᵸᶪᵲᶇᶆḙ

ḝᶾᴻḦḻḁᶱ ᶆᵬᶝᵸ G

 

SIMD ᶍᵾᶠᶊ ᶱ ᵰᶪ 

 

AOS ( ) ᶎᴲ᷃ḫ᷾ᴻᶇḁ᷂ḫḋḇᴻᶱ╥ᵬ ᵲᵸᵾᶠᴲSIMD ᶍ

ᵫ ᵸᶪᵿᵰᶆᶉᵮᴲḩḪḲᴻᶷ᷄ḃḁᶍזּ ╓ ᶇḴᶹḎḻ᷿ᴻᵫ  ᵶᶝᵸᴳנּ

ḗᴻḑᶻᶼᶷᶆ᷃ḫ᷾ /ᴻḁ᷂ḫḋḇᴻᴴḩ᷀ḓḂḨᵫ ᶆᵬᶪ ᶆᵡᶂᶅᶡᴲᵲ

ᶍḏᴻḇ ᶍ ᶎ ᶆᵸᴳ╗ ᶊ᷃ḫ᷾ /ᴻḁ᷂ḫḋḇᴻ ᶎᴲ ᵶᵾḵ

ᴻḑᶇ ᶘᶅ ᶊ ᵮᶍ ╓ ᶇḴᶹḎḻ᷿ᴻᵫ ᵴᶫᶝᵸᴳ 

struct {float x; float y; float z; float w;} a[4]  ᶇᵣ  vAOS 

ḏᴻḇḴᶹᶷᶻḐᶍ  Ǝ16 -15  ᶊ ᵸᶧᵥᶊ ᵸᶪ᷀ᴻḕḳᶱ ᵧᶝᵸ G
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cgh . parallel_for <class  aos <T>>(numOfItems,[=](id< 1> wi) {  

 x[wi]  = a[wi]. x;  

 y[wi]  = a[wi]. y;  

 z[wi]  = a[wi]. z;  

 w[wi] = a[wi]. w;  

});  

// x0 xƎ1 xƎ2 xƎ3 ᶱ ᶠ  ᶅ

// y0, y1, y2, y3 ᶱ ᶠ  ᶅ  

// z0, z1, z2, z3 ᶱ ᶠ  ᶅ  

// w0, w1, w2, w3 ᶱ ᶠ  ᶅ

 
 16 - 15.  ᷀ᴻḕḳᶍ SIMD ᷃ḫ᷾  ᴻ

 

᷈ḻḙᶹḱᴻᵫḷᴻ᷄ ᶊⱲᶂᶅ᷀ᴻḕḳᶱḡ᷄ḐḳּטᵸᶪᶇᴲḮḓḋḐḁḐḱ

ᶹḑᶆᶎᶉᵣḩḪḲᴻᶷ᷄ḃḁᵫ ᶊᶉᶪᵾᶠᴲSIMD ᷃ḫ᷾ᴻ ᵫ ᵴᶫ

ᶝᵸᴳ ᵧᶏᴲ ᶡ ᶉḮḓḋḐḁḐḱᶹḑᶎ 1 ᶆᵸᵫ  Ǝ

a[0].x aƎ[1].x aƎ[2].x aƎ[3].x  ᶍḁḐḱᶹḑᶎ 4 ᶆᵸ  G

 

 
  

 

᷀ᴻḕḳᶆᶎᴲḩḪḲᴻᶍ᷃ḫ᷾/ᴻḁ᷂ḫḋḇᴻ ᶱ ᵸᶪᵲᶇᶆSƎIMD 

ᶱ ᶆᵬᶪ ᵫ ᵮᵡᶩᶝᵸᴳ╗ ᶍ᷈ᴻḑᶎᴲ  (AOS) ᶆ

ᵴᶫᵾḏᴻḇ ᶱᴲ  (SOA) ᶗᶍḏᴻḇḴᶹᶷᶻḐ ᶊᶧᶂ

ᶅḩḲḋḐᶱ ᶨᶫᶝᵸᴳᶃᶝᶩᴲSIMD ḡ᷄ḐḳּטᶍḩḪḲᴻᶷ᷄ḃḁᵫ ᵸᶪ

ᶧᵥᶊᴲ ᶍḝᶸᴻḳḑᵳᶇᶊ ᶍ ᶱ ᵶᶝᵸᴳ  

ᵧᶏᴲ∙ּזᶊ ᵸᶧᵥᶉ  

 
struct {  

float x[4];  

float y[4];  

float z[4];  

float w[4];  

} a;   

 

ᶇᵣ  vSOA ḏᴻḇḴᶹᶷᶻḐᶱ ᵧᶅᶞᶝᵶᶦᵥ: 

 
 
  

 

᷀ᴻḕḳᶎᴲ  16 -16  ᶊ ᵸᶧᵥᶊᴲḡ᷄ḐḳּטᵴᶫᵾḏᴻḇᶆᵡᶂᶅᶡᴲḮḓ

ḋḐḁḐḱᶹḑ ( ) ᶉḡ᷄ḐḳḵᴻḑᵩᶧᶒḁḐᶷᶊᶧᶂᶅḏᴻḇᶱ ᶆᵬᶝ

ᵸ  G
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cgh . parallel_for <class  aos <T>>(numOfItems,[=](id< 1> wi) {  

x[wi] = a. x[wi];  

y[wi] = a. y[wi];  

z[wi] = a. z[wi];  

w[wi] = a. w[wi];  

});  

// ḮḓḋḐḁḐḱᶹḑᴴḡ᷄Ḑḳᴴḵᴻḑ x [0:4]  

// ḮḓḋḐḁḐḱᶹḑᴴḡ᷄Ḑḳᴴḵᴻḑ y[0:4]  

// ḮḓḋḐḁḐḱᶹḑᴴḡ᷄Ḑḳᴴḵᴻḑ z[0:4]  

// ḮḓḋḐḁḐḱᶹḑᴴḡ᷄Ḑḳᴴḵᴻḑ w[0:4]  

 
 16 - 16.  ᷀ᴻḕḳ ᶍ SIMD ḮḓḋḐḁḐḱᶹḑᴴḡ᷄Ḑḳᴴḵᴻḑ 

 

SOA ḏᴻḇḴᶹᶷᶻḐᶎᴲ ᶱᶝᵾᵣᶆ ᶍ 1 ᶃᶍḝᶸᴻḳḑᶊᶷ᷄

ḃḁᵸᶪ᷃ḫ᷾ᴻᶱ ᵯᶍᶊ ᶀᴲ᷈ḻḙᶹḱᴻᵫḷᴻ᷄ ᶊ ᵰᶨᶫᵾ

ᵸᶪ ᶊ ᵶᶅ᷀ᴻḕḳᶱḡ᷄Ḑḳּטᵸᶪᶍᶊ ᶀᶝᵸᴳᶉᵩᴲᵲᶍ

ᶧᵥᶉ AOS ᵪ  ʝSOAᴲᶝᵾᶎ AOSOA ᶗᶍḏᴻḇḴᶹᶷᶻḐ ᶎᴲḏᴻḇ

ᵫ ᵴᶫᶅᵣᶪᵸᶘᶅᶍ᷈ᴻḑᶱ ᵶᶅᴲḟḵ᷅ḱḨḴḡḳᶆ ᶮᶫᶪᵲᶇ

ᵫ ᵴᶫᶝᵸ  Gᵲᶍ ᶱḳᴻḟḴḡḳᶆ ᶂᵾ ᴲḳᴻḟᶍ ᶆḏᴻḇ

ᶍ ᵸᶪ᷈ḁḐᵫᵪᵪᶩᶝᵸᴳᵶᵪᵶᴲ ᶍ᷈ḁḐᶎᵪᵪᶂᶅᶡᴲ᷈ḻḙᶹḱᴻ

ᶊ AOS ḏᴻḇḴᶹᶷᶻḐᶊ ᵸᶪḡ᷄Ḑḳḵᴻḑᶇ᷿ḫḋḝḳᶍ ᶱᵴᵺᶪᵲטּ

ᶇᶡᶆᵬᶝᵸ SGOA ( ᶝᵾᶎ AOS) ḏᴻḇḴᶹᶷᶻḐᶍḩḻḘᴻᵫḡ᷄Ḑḳ ᶆᵡ

ᶪ ᴲ᷈ḻḙᶹḱᴻᶍḡ᷄Ḑḳּטᶎᴲḡᴻḁᶇᶉᶪḗᴻḑᶻᶼᶷᶊ ᶄᵣᶅ

ᴲᶝᵾᶎ ᶍᵣᵹᶫᵪᶊᶧᶩ ᶉ᷈ᴻḑᶱ ᵸᶪּס ᵫᵡᶩᶝᵸᴳ 

 

ḏᴻḇ ᵫ SIMD ᶊ ᵧᶪ☼  

 

C++ ḟḵ᷅ḱḦᴻᶎᴲḏᴻḇᵫ 32 ḛḋḐ ᵬ ᶊ ᶝᶪᵲᶇᵫ ᵪᶂᶅᵣ

ᶪ , ᶊ ḏᴻḇ ᶱ ᵸᶪᵲᶇᵫ ᵮᴲ ᶍᶧᵥᶉ᷈ᴻḑᶊᶉᶪᵲᶇᵫᵡ

ᶩᶝᵸ  G

 
int id = get_global_id(0); a[id] = b[id] + c[id];  

 

ᵶᵪᵶ gƎet_global_id(0)  ᶍ ᶩ ᶍ ᵫ size_t  ( ᶉᵶ ᴲ ᵮᶍ

 64 ḛḋḐ) ᶆᵡᶪᵲᶇᶱ ᵧᶪᶇᴲ ᶊᶧᶂᶅ᷈ḻḙᶹḱᴻᵫ ᶊ

ᵥ ᵫטּ ᵸᶪּס ᵫᵡᶩᶝᵸᴳᵲᶫᶊᶧᶩᴲ᷈ḻḙᶹḱᴻᵫ᷀ᴻḕḳ ᶍ᷈

ᴻḑᶱḡ᷄Ḑḳּטᵸᶪ ᶊSƎIMD ᷃ḫ᷾ /ᴻḁ᷂ḫḋḇᴻ ᵫ ᵴᶫᶪּס

ᵫᵡᶩᶝᵸᴳ ᵧᶏᴲ ᶍᶧᵥᶊᶉᶩᶝᵸ:  

 

 

 



 

 

445  

 

 

 ɯ a[get_global_id(0)]  ᶍ ᶞ ᶩᶎ SƎIMD ḮḓḋḐḁḐḱᶹ

ḑᴴḡ᷄Ḑḳᶍḵᴻḑᶊᶃᶉᵫᶪּס ᵫᵡᶩᶝᵸᴳ 

 

 ɯ [(int)get_global_id(0)]  ᶍ ᶞ ᶩᶎᴲ ḮḓḋḐḁḐḱᶹ

ḑᴴ᷃ḫ᷾ᴻ ᶊᶃᶉᵫᶪּס ᵫᵡᶩᶝᵸᴳ 

 

ᵲᶍ ᶉ ᶎ sƎize_t  ᵪ  ʝint  (ᶝᵾᶎ uint ) ᶗᶍḏᴻḇ ᶊᵩᵰ

ᶪḱḋḟᶷḱᶻḻḑ  (C++ ᶆᶎᵆ ᶍ ᵇᵩᶧᶒ/ᶝᵾᶎᵆ ᶊ

ᵴᶫᵾḱḋḟᶷḱᶻḻḑ ᵇ) ᶊᶧᶂᶅ╥ᵬ ᵲᵴᶫᶝᵸᵫᴲᵲᶫᶎ ᶊ C ḡ

ᴻḁᶍ ᶍ ᶊᶧᶪטּ ᶉ┼ ᶆᵸᴳ ᶊᶎᴲ╗ ᶍ ᶊᵩᵰᶪᶿ

ᴻḘᴻḝḵᴻᶎ ᶍ ᶆᵸᵫᴲ᷈ḻḙᶹḱᴻᶎᵼᶍᶧᵥᶉ ᶎ ᵶᶉᵣ

ᶇ ᵶᶅᴲᶧᶩ ᶊ ᶱטּ ᵥᵲᶇᵫᶆᵬᶝᵸᴳ  

 16 -17  ᶎᴲ ᶱ ᵶᵾᵣ ᵰᶊᵣᵮᶃᵪᶍ ᶱ ᵶᶅᵣᶝᵸᴳ 
 

get_global_id(0)  a[(int)get_global_id(0)]  get_global_id(0)  a((uint)get_global_id(0)]  

0x7FFFFFFE a[MAX_INT - 1]  0xFFFFFFFE a[MAX_UINT- 1]  

0x7FFFFFFF a[MAX_INT (big 

positive)]  

0xFFFFFFFF a[MAX_UINT]  

0x80000000  a[MIN_INT (big 

negative)]  

0x100000000  a[0]  

0x80000001  a[MIN_INT+1]  Ox100000001  a[1]  

 
 16 - 17.  ᶍḱḋḟᶷḱᶻḻḑᶍ  

 

SIMD ᷃ḫ᷾ /ᴻḁ᷂ḫḋḇᴻ ᶎSƎIMD ḮḓḋḐḁḐḱᶹḑᴴḡ᷄Ḑḳᴴḵᴻ

ḑ/ḁḐᶷ ᶧᶩᶡ ᵮᶉᶩᶝᵸᴳ ᶉ SIMD ᶱ ᵸᶪᶊᶎᴲḟḵ᷅ḱḧ

ḻ᷅ ᶊ ᶮᶩᶉᵮᴲᶷḟḲ᷆ᴻ᷿ḯḻᶆ᷃ḫ᷾ᴻ/ḁ᷂ḫḋḇᴻᶱ ᵸᶪᵲᶇ

ᵫ ᶆᵸ  G

 

ᶚᶇᶲᶈᶍ SYCL get_*_id()  ḝᶶḧḲᴻ ᶎ ᵷ ᶱ ᶀᶝᵸᵫᴲ ᶩ

ᶊᶎ ᵫᵡᶪᵾ  f(ᵾᶇᵧᶏᴲḷᴻ᷄᷅ḳᴻḟ ᶍ  ID )ᴲ ᵮᶍ  

MAX_INT ᶊ ᶝᶩᶝᵸᴳᵶᵾᵫᶂᶅᴲ ᶆᵡᶫᶏᵣᶃᶆᶡᴲSYCL ᷈ḻḙᶹḱ

ᴻᶎᴲ᷃ḫ᷾ /ᴻḁ᷂ḫḋḇᴻᶱ ᵸᶪᵾᶠᴲ ᵸᶪḷᴻ᷄ ᶍḉḫḻ᷄

ᶆḮḓḋḐḁḐḱᶹḑᴴḩḪḲᴻᴴᶷḑḴḁᶱ ᶆᵬᶝᵸᴳ  

 

᷅ḵᴻḘḳ ID ᶍ ᵩᶧᶒ/ᶝᵾᶎ᷅ḵᴻḘḳ ID  ᵪᶨᶍ ᶊᶧᶪᶿᴻḘᴻ

ḝḵᴻᶍּס ᶍᵾᶠᴲ᷈ḻḙᶹḱᴻᵫ↨ ᶊ ḮḓḋḐḁḐḱᶹḑᶍḡ᷄Ḑḳᴴḩ

ḪḲᴻᴴḵᴻḑ/ḁḐᶷᶱ ᶆᵬᶉᵣ ᴲ᷈ḻḙᶹḱᴻᶎ᷃ḫ᷾ᴻ/ḁ᷂ḫḋḇᴻᶱ

ᵶᶝᵸ  G
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Ḯᴻ᷾ᴻᶊ ᶉḙḝᶾᴻḦḻḁᶱ ᵸᶪ ᶆDƎPC++ ᷈ḻḙᶹḱᴻᶎᶿ

ᴻḘᴻḝḵᴻᵫᶉᵣᶡᶍᶇ ᵶᶅ ᶉ SIMD ᷈ᴻḑᶱ ᵶᴲ ᶫᵾḙḝᶾ

ᴻḦḻḁᶱ ᶆᵬᶝᵸᴳᵾᵿᵶDƎPC++ ᷈ḻḙᶹḱᴻᶍ᷈ḻḙᶹḱᴻᴴᶿḟ᷿ḯ

ḻ - fno -  sycl - i d - queries - fit - in - int  ᶊᶧᶩᴲᶿᴻḘᴻḝḵᴻᵫ ᵶᴲ

ID  ᷄ᶽḲᴻᵪᶨ ᵶᵾḡ᷄Ḑḳּטᵴᶫᵾᶷ᷄ḃḁᵫ↨ ᶆᶎᶉᵣּס ᵫᵡᶪ

ᵲᶇᶱ᷈ḻḙᶹḱᴻᶊ ᶆᵬᶝᵸᴳ ᵲᶫᶎḙḝᶾᴻḦḻḁᶊ ᵬᶉ☼ ᶱ ᵧᶪ

סּ ᵫᵡᶩᴲᶿᴻḘᴻḝḵᴻᵫ ᵶᶉᵣᶇּי ᵸᶪᵲᶇᵫ↨ ᶆᶉᵣ ᶊᶎ

ᶊ ᵸᶘᵬᶆᵸᴳ ᶉ ᶎᴲḟḵ᷅ḱḦᴻᶎ᷅ḵᴻḘḳ ID  ᶍ ᵫ 32 ḛḋ

Ḑ int  ᶊ ᶝᶪᵲᶇᶱ ᵸᶪ ᵫᵡᶪᶇᵣᵥᵲᶇᶆᵸᴳᵼᶫ∙ ᶆᶎᴲḟḵ᷅

ḱḨᶍ ᶱ ᵸᶪᵾᶠᴲ᷈ḻḙᶹḱᴻᴴᶿḟ᷿ḯḻ - fno - sycl - id -

queries - fit - in - int  ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᵫᴲᵲᶫᶊᶧᶩḙḝᶾᴻḦḻḁ

ᵫ סᵸᶪּזּ ᵫᵡᶩᶝᵸ  G

 

single_task ᶱ ᵶᵾ SIMD  

 

╗ḇḁ᷄ Ḫḏḳᶆᶎᴲḡ᷄Ḑḳּטᶆᵬᶪ ᶍḷᴻ᷄ ᶎᵡᶩᶝᵺᶲᴳḡ᷄

Ḑḳ ᵩᶧᶒ ᶊ ᵸᶪ סᶎּטּ ᵪᶡᵶᶫᶝᵺᶲᵫᴲᵲᶫᶎ᷈ḻḙᶹḱᴻ

ᶊ∟ ᵶᶝᵸᴳ᷈ḻḙᶹḱᴻᶇḱḻḇᶹḨᶊᶎᴲ ᶉ SIMD ᶱ ᶊᵸᶪ

ᵪ sƎingle_task  ᷀ᴻḕḳ ᶆḁ᷀ḱᴻ ᶱ ᵸᶪᵪᴲ ᶍ ᵫ ᵧᶨ

ᶫᶅᵩᶩᴲ ᶎ᷈ḻḙᶹḱᴻᶍוֹ ᶊᶧᶂᶅ│ᶉᶩᶝᵸᴳ 

 

C++ ᷈ḻḙᶹḱᴻᶎCƎPU ᵰᶊ᷈ḻḙᶹḳᵸᶪᶇᵬᶊsƎingle_task  ᶆ

ᵸᶪḡ᷄Ḑḳ  ɵSIMD ᶊḦḋḟᵸᶪ ᵫᵡᶩᶝᵸvGec  ᶍḵᴻḑᴲḁ

ḐᶷᴲᵩᶧᶒḁᶻᶸḂḳ ᶎᴲḡ᷄Ḑḳ ᶊ ᵶᶅ ᶱ ᵶᴲḏᴻḇ

ᵫ ᵷḩḪḲ  ᴻ( ╗ᶉ) ᵪᶨ ᵶᶅḏᴻḇᶊᶷ᷄ḃḁᵸᶪᵲᶇᶱ᷈ḻḙᶹḱᴻ

ᶊ ᵶᴲ ᵶᵾḏᴻḇᶊ ᵴᶫᵾḵᴻḑ/ḁḐᶷᶱטּ ᶆᵬᶪᶧᵥᶊᵶᶝᵸᴳ  

 

 11 ᶆ ᵶᵾᶧᵥᶊ vƎec  ᶍᵲᶍ ᶎ ᶆᵸᵫᴲᵲᶍ ᶎ ᶊ

ᶎ ᶇᶉᶩᴲᶧᶩ ᶉḡ᷄Ḑḳ (std::simd  ᶉᶈ) ᵫ סּ ᶊᶉᶪ

ᶇ ᵴᶫᶝᵸ  G

 

 

 

 

 

 

 



 

 

 

 

 
queue  q;  

 

bool  *resArray = malloc_shared <bool >( 1, q);  

resArray [ 0] = true ;  

 

q. single_task ([=]() {  

sycl :: vec <int , 4> old_v =  sycl :: vec <int , 4>( 0, 100 , 200 , 300 );  

sycl :: vec <int , 4> new_v = sycl :: vec <int , 4>();  

 

new_v. rgba () = old_v . abgr ();  

int  vals[] = { 300 , 200 , 100 , 0};  

 

if  ( new_v. r () != vals [ 0] || new_v. g() != vals [ 1] ||  

    new_v. b() != vals [ 2] || new_v. a() != vals [ 3]) {  

resArray [ 0] = false ;  

}  

}). wait ();  

 
 16 - 18.  single_task ᷀ᴻḕḳᶆḡ᷄Ḑḳ ᶇḁᶻᶸḂḳ ᶱ  

 

 16 -18  ᶊ ᵸ ᶆᶎᴲ᷿ḻ᷅ḳḇḁ᷄ᶍ ᶊᴲ4  ᶃᶍḏᴻḇ ᶱ ᶃ

ḡ᷄Ḑḳᵫ ᵴᶫᶅᵣᶝᵸᴳḁᶻᶸḂḳ ᶎ old_v.abgr()  ᶆ ᵴᶫᶝᵸᴳ

CPU ᵫḁᶻᶸḂḳ ᶊ ᵶᶅ SIMD ḗᴻḑᶻᶼᶷ ᶱ ᵸᶪ ᴲᶷḟḲ

᷆ᴻ᷿ḯḻᶆḁᶻᶸḂḳ ᶱ ᵸᶪᵲᶇᶆḙḝᶾᴻḦḻḁ ᶍ ᵫ ᶨᶫᶪ

סּ ᵫᵡᶩᶝᵸ  G

 

SIMD ḡ᷄Ḑḳּטᶍ᷁ᶹḑḱᶹḻ 
 

CPU ḟḵḃḋ᷊ᴻᶎᴲ│ᶉ  ᶅSIMD ᶱ ᶃ SIMD ḃḋḐᶱ ᵶ

ᶝᵸᴳ ᵮᶍ ᴲᵲᶫᶎ Ḵḡḳᶍ ᶆᵡᶩᴲCPU ᶆ᷀ᴻḕḳᶱ

ᵸᶪᶷḟḲ᷆ᴻ᷿ḯḻᶊᶎ ᶆᵸᴳ᷈ḻḙᶹḱᴻᶎᴲ ᶍ SIMD 

ᶆ ᵸᶪ ᶉḏᴻḇ ᶍ᷅ḳᴻḟᶱ ᶆᵬᶪᵾᶠSƎIMD 

ᶱ ᶊ ᵸᶪ ᶎᵡᶩᶝᵺᶲᴳ᷊Ḟ᷅ḳᴻḟᶱ ᵸᶪᵲᶇᶆᴲ᷀

ᴻḕḳ ᶆḏᴻḇ ᶍ᷅ḳᴻḟּטᵫ SIMD ᶍ ᶇᶉᶪ᷆ᴻḁᶱᶧ

ᶩ ᶊ ᶆᵬᶝᵸ  G

 

ᶍ ᶱ ᵸᶪᶇᴲḡ᷄Ḑḳּטᶊ ᶡ ᵶᵾ᷈ᴻḑᶇḏᴻḇḴᶹᶷᶻ

Ḑᶱ ᵸᶪᵲᶇᵫᴲ ᶊ ᵣḙḝᶾᴻḦḻḁᶊᶃᶉᵫᶪּס ᵫᵡᶩ

ᶝᵸᴳḏᴻḇ ᶱ ᵸᶪ ᶊᶎᴲᵲᶍ ᶆ ᵴᶫᶅᵣᶪᶧᵥᶊᴲ ᶡ

ᶊ ᵴᶫᶪ ᵫ ᶍ ᶆ SIMD ᶊ ᵶᵾ ᶆḩḪḲᴻᶊ

ᶷ᷄ḃḁᶆᵬᶪᶧᵥᶊᴲḏᴻḇḴᶹᶷᶻḐᴲᶷḱᶹḻḩḻḐᴲᵩᶧᶒḏᴻḇ ᶱ

ᵸᶪᶧᵥᶊᵶᶅᵮᵿᵴᵣ G



 

 

 

 

 

ᶝᶇ  f
 

CPU ᶆḁḴḋḑḴḡḳᶍ ᶇ SIMD ḡ᷄ḐḳḴḡḳᶍ ᶱ

ᶊ ᵸᶪᶊᶎᴲ ᶍᵲᶇᶱ ᶊ ᵮ ᵫᵡᶩᶝ:н 

 

 ɯ ᵡᶨᶥᶪḇᶹḟᶍ SYCL ᶇᴲḇᴻ᷇ḋḐᶇᵸ ᶅCPU ᶷᴻ

᷂Ḏ᷄ḉḫᴻᶊ ᵶᶅᵣᶪ ᵫᵡᶩᶝᵸᴳ 

 

 ɯ ḗᴻḑᶻᶼᶷᴴḲḅᴻḁᶊ ᶉḁḴḋḑḴḡḳᶆᴲ ᶉ  

( ᵸᵭᵹ ᶉᵸᵭᵹ) ᶱ ᵶᶝᵸᴳᵲᶫᶱ ᵸᶪḉḭᴻḓḻ᷅

ᶊᶎᴲᶷḒḱᶹ᷾ᴻᶣḟḵḝᶶᶹḱᴻᶉᶈᶍḙḝᶾᴻḦḻḁ

Ḍᴻḳ ᵶᶅᵮᵿᵴᵣ  G

 

 ɯ ḁḴḋḑᶍ ᶇḩḪḲᴻᶍḝᶶᴻḁḐḇḋḉᵫḟḵ᷅ḱḨᶍḙḝ

ᶾᴻḦḻḁᶊ ᵧᶪ☼ ᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ 

 

 ɯ ᶡ ᶊ ᵴᶫᶪ ᵫ ᶍ ᶆ SIMD ᶊ ᵶᵾ

ᶆḩḪḲᴻᶊᶷ᷄ḃḁᶆᵬᶪᶧᵥᶊᴲḏᴻḇḴᶹᶷᶻḐᴲᶷḱᶹḻḩ

ḻḐᴲᵩᶧᶒḏᴻḇ ᶱ ᵶᶅḏᴻḇ ᶱ ᵶᶝᵸᴳ 

 

 ɯ Ḧḁ᷄ᶍ᷈ḁḐᶇ᷈ᴻḑ ᶍ᷈ḁḐᶍḘḱḻḁᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ 

 

 ɯ ᶉḩḪḲᴻᶍᶽᶹḲᶷ᷿ḻ᷅ᶇ ᶱ ᶊ ᵧᶪ

ᶉḟḵ᷅ḱḧḻ᷅ᴴḁḇᶹḳᶱ ᵶᶝᵸᴳ 

 

 ɯ ḡ᷄Ḑḳ ᶇᶹḻḇᴻḝᶼᶹḁᶱ ᵸᶪ ᶍḁ᷆ᴻḱḛḲḎᶸᴻ

ᶍ ᶊ ≥ᵶᶅᵮᵿᵴᵣᴳ᷈ḻḙᶹḱᴻᵫᵼᶫᶨᶱḗᴻḑᶻᶼᶷ 

SIMD ᶊ ᶩ ᶅᶪ ᴲ ḡ᷄Ḑḳ᷊ᶹḂᶎᴲ ᶍ 

CPU ᵩᶧᶒ│ᶉᶪḡḻḈᴻᶍ CPU ᶆ SIMD ḴḀḁḇᴻᶍ 

SIMD ᶇ╗ ᵶᶉᵣּס ᵫᵡᶩᶝᵸ  G

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ᶿᴻḟḻᶷ᷄ḃḁ ᵲᶍ ᶎ Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International ᶍ ᶊ ᶂᶅḱ

ᶹḃḻḁᵴᶫᶅᵣᶝᵸ G 

( http://creativecommons.org/licenses/by/4.0/ )  ᶆᶎᴲ ᶇḅᴻḁᶊ ᶉ᷄ḴḀ

ḋḐᶱ ᵧ CƎreative Commons ḱᶹḃḻḁᶗᶍḲḻ᷄ᶱ ᵶᴲḱᶹḃḻḁᵴᶫᵾ ᶱ

ᵶᵾᵪᶈᵥᵪᶱ ᵺᶏᴲᵡᶨᶥᶪḩḏᶸᶷᶣ ᶆᶍ ☺ ᶍ ᴲ ᴲ ᴲ ᵫ ᵴסּ

ᶫᶝᵸ  G

ᶊ ᵴᶫᶅᵣᶪ ᶣᵼᶍ ᶍ ᶍ ᶎᴲ ᶍ᷄ḴḀḋḐḱᶹḻᶊ ᵫ

ᶉᵣ ᶩᴲ ᶍ᷄ḲᶽᶹḎᶸḞᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶍ ᶇᶉᶩᶝᵸᴳ ᵫ ᶍ᷄ḲᶽᶹḎᶸ

Ḟᴴ᷈ḪḻḂᴴḱᶹḃḻḁᶊ ᶝᶫᶅᵩᶨᵹᴲ≥ ᵸᶪ ᵫ ᶆ ᵴᶫᶅᵣᶉᵣᵪᴲסּ סּ

ᵴᶫᵾ ᶱ ᵧᶪ ᶎᴲ ᵪᶨ ᶱסּ ᶪ ᵫᵡᶩᶝᵸᴳ 

https://creativecommons.org/licenses/by/4.0/


 

 

 

 

  



 

 

 

 

 17  FPGA ᵰᶍḟḵ᷅ḱḧḻ  ᷅
 

 

᷀ᴻḕḳḡᴻḁᶍḟḵ᷅ḱḧḻ᷅ᶎᴲᶡᶇᶡᶇ GPU ᶱ ᵸᶪ ᶇᵶᶅ ᵶ

ᶝᵶᵾᴳ ᶆᶎ ᵮᶍ ᶍᶷ᷄ḃḱḴᴻḇᴻᶊ ᵴᶫᶅᵣᶪᵾᶠᴲ ᵾᶀᶍ

ḟḵ᷅ḱḧḻ᷅ᴴḁḇᶹḳᵫ FPGA ᶗᶍ᷈ᴻḑᶍḦḋḜḻ᷅ᶊᶈᶍᶧᵥᶊ☼ ᵸᶪ

ᵪᶱ ᵸᶪᵲᶇᶡ ᶆᵸ  G

 

ḝᶸᴻḳḑḟḵ᷅ḱḦḞḳᴴ᷇ᴻḐᴴᶷḴᶹ (FPGA) ᶎᴲᶚᶇᶲᶈᶍḅḝḐᶻᶼᶷ

ᶊᶎ ᶞᶍᶉᵣᶡᶍᶆᵸᴳᵼᶍ ᶍ╗ᶃᶎᴲ╗ ᶉḏḁ᷄Ḑḋḟᴴ᷈ḻḜ

ḭᴻḇᴻᶊᶎ CƎPU  ɥGPU ᶊּנᵧᶅ FPGA ᵫ ᵴᶫᶅᵣᶉᵣᵾᶠᶆᵸᴳᵶᵪ

ᵶ FƎPGA ᶎ ᵮᶍ ᶆ ᶱᶡᵾᶨᵸᵾᶠᴲ ᶂᶅᵩᵮּל ᶎᵡᶩᶝᵸᴳ ᶍ

ᶷ᷄ḃḱḴᴻḇᴻᶇ ᶊᴲᵆFPGA ᶎᵣᶃ ᵸᶘᵬ ?χᵇᴲᵆᶷḟḲ᷆ᴻ᷿ḯḻᶍ

ᶈᶍ ᶱ FPGA ᶊᶿḝḵᴻḑᵸᶘᵬ ?χᵇᴲFᴂPGA ᶆ ᶫᵾḙḝᶾᴻḦḻḁ

ᶱ ᵸᶪ᷈ᴻḑᶎᶈᶍᶧᵥᶊ ᵸᶫᶏᶧᵣ ?χᵇᴲᶇᵣᶂᵾ ᶊ ᵧᶪ

ᵫᵡᶩᶝᵸ  G

 

ᵲᶍ ᶆᶎᴲ ᶉᵮᶇ  ɟFPGA ᵫ ᵾᶀᶍᶷḟḲ᷆ᴻ᷿ḯḻᶊ ♬ᶆᵡᶪᵪ

ᶆᵬᶪḴḡḳᶝᶆᴲᵼᵶᶅḙḝᶾᴻḦḻḁᶱ ᶊᶎᶈᶍᶧᵥᶉ ᵫ ᵴᶫ

ᶅᵣᶪᵪᴲᵼᶫᶨᶱ ᶆᵬᶪḴḡḳᶝᶆᶍ ᶱ ᵶᶝᵸᴳᵲᶍ ᶎ ᶆ

ᵡᶩᴲḡḻḈᴻᶍḑ᷂ḭḩḻḐᶱ ᶲᶆᴲ ᶍ ᶣḌᴻḳḉᶼᴻḻᶊ ᵸᶪ

ᶱ ᵶᶅᵣᵮᵲᶇᵫᶆᵬᶝᵸ G 

ᶝᵹᴲḟḵ᷅ḱḨᵫ FPGA ᶉᶈᶍ ᶷᴻ᷂Ḏ᷄ḉḫᴻᶊᶈᶍᶧᵥᶊḦḋḜḻ᷅ᵴ

ᶫᶪᵪ ᵶᴲ ᶊ FPGA ᵫᶷ᷄ḃḱḴᴻḇᴻᶇᵶᶅ ᶫᵾ ᶇ ᶩᵥᶪᵣᵮ

ᶃᵪᶍ ᶊᶃᵣᶅ ᵶᴲ ᶊḙḝᶾᴻḦḻḁᶍ ᶊ ᵴᶫᶪḟḵ᷅ḱḧ

ḻ᷅ ᶱ ᵶᶝᵸ  G
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ᶍ FPPGA ᶍ ᵧ  Rᶍḃ᷿᷄ḯḻᶎᴲᵡᶨᶥ ᶅFPGA ᶱ ᵸᶪ ᶊ

ᶆᵬᶝᵸ SGYCL ᶎᴲḡḻḈᴻᵫ CPU  ɥGPU ∙ ᶍḏḘᶹḁᶱ ᵸᶪᵲᶇ

ᶱּס ᶊᵶᶝᵸᵫ FƎPGA ᶱᶈᶍᶧᵥᶊ᷊ḥᴻḐᵸᶪᵪᶎ ᶊ ᵶᶅᵣᶝᵺ

ᶲᴳ ᶆ ᵸ  ᶅFPGA ᶊ ᵸᶪḡḻḈᴻ ᶍ᷊ḥᴻḐᶎᴲ ᶆᶎ 

DPC++ ᶍᶡᶍᶆᵡᶩᴲ ᶊᶎ FPGA ḃḴ᷄ḇᴻᶇḙᶹḟᶊ ᵸᶪᶡ

ᶍᶆᵸ  Gᵲᶍ ᶆ ᵸ  ᶅDPC++ ᶎ FƎPGA ḃḴ᷄ḇᴻᶇḙᶹḟᶍᶞ

ᶆᵸᴳḡḻḈᴻ ᵫ FPGA ᶱ᷊ḥᴻḐᵸᶪ ᶆᴲ ᶝᵾᶎ ᶍᵡᶪ

ᶱ ᵸᶪᵲᶇᵫ ᵴᶫᶅᵩᶩDƎPC++ ᶎᶿᴻḟḻḅᴻḁᴴḟḵḀᶼ᷄Ḑᶇᵶᶅ

ᵲᶫᶱ ᵶᶅᵣᶝᵸ  G

 

 

ḙḝᶾᴻḦḻḁᶊ ᵸᶪ ≥  
 

ᶍḟḵḃḋ᷊ᴻᶣᶷ᷄ḃḱḴᴻḇᴻᶇ ᶊᴲFPGA ḏḘᶹḁᶎḡḻḈᴻᵳᶇᶊᴲ

ᵡᶪᵣᶎ ᵳᶇᶊ│ᶉᶩᶝᵸᴳᵼᶍᵾᶠᴲᵡᶪḏḘᶹḁᶍḡḁḐᴴḟḱ᷄Ḏᶸ

ḁᵫᴲ ᶍḏḘᶹḁᶇᶎ│ᶉᶪ ᵫᵡᶩᶝᵸᴳᵲᶍ ᶍᶷḑḘᶹḁᶎᴲ ᵩᶧᶒ

ᶊᶮᵾᶂᶅ ᵮᶍ FPGA ḏḘᶹḁᶊ ᶃᶆᵶᶦ  vÂ 

Â ᶍ FPGA ᶆ ᶉḙḝᶾᴻḦḻḁᶱ ᵸᶪᶊᶎ ƎḡḻḈᴻᶍḑ᷂ḭḩ

ḻḐᶱ ᵶᶅᵮᵿᵴᵣ G

 

FPGA ᶍ ᵧ  
 

FPGA ᶎ╗ ᶊ ᶷᴻ᷂Ḏ᷄ḉḫᴻᶊ ᵴᶫᶝᵸᴳᵼᶫᶨᶎᴲCPU  ɥ

GPU ᶉᶈᴲ ᶞᶍᵡᶪ ḃḋḐᴴᶷᴻ᷂Ḏ᷄ḉḫᴻ (ISA) ᶱ ᶃḏḘᶹḁᶇ

ᶎᴲ ᵮ│ᶉᶪ᷈ᴻḏᶸḻ᷅ᴴḁḇᶹḳᶇ ᶍ ᵪᶨּג ᶱ ᵰᶝᵸᴳ

FPGA ᶍ ᶱ ᶠᶪᶊᶎᴲᶝᵹᶎ ISA ḡᴻḁᶍᶷ᷄ḃḱḴᴻḇᴻᶊ ᵸᶪᵣᵮ

ᶃᵪᶍ ᶱ ᶊ ᵶᴲ ᶉ┴ᵣᶱ ᶊᵶᶅᵣᵬᶝᵸᴳ 
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ᶍ ᶊᵩᵣᶅ IƎSA ḡᴻḁᶍᶷ᷄ḃḱḴᴻḇᴻᶇᶎᴲḏḘᶹḁᵫ╗ ᶊ 1 

ᶃᶝᵾᶎ ᶍ│ᶉᶪ ᶱ ᶆᵬᶪᶡᶍᶱ ᵶᶝᵸᴳ ᶎ ᴲᵆᶷḑḴḁ A 

ᶍḩḪḲᴻᵪᶨḵᴻḑᵸᶪᵇᴲᵆ ᶍ ᶱּנ ᵸᶪᵇᶇᵣᶂᵾ ᶉᶡᶍᶆ

ᵸᴳ╗ ᶍ ᵫ ᵴᶫᶅḟḵ᷅ḱḨᵫ ᵴᶫᴲḟḵḃḋ᷊ᴻᶎ ᶊᶎ

ᶱ╗ᶃᵹᶃ ᶊ ᵶᶅᵣᵬᶝᵸ  G

 

ISA ḡᴻḁᶍᶷ᷄ḃḱḴᴻḇᴻᶆᶎᴲḉḋḟᶍ ╗ ╓ (ᶝᵾᶎḉḋḟ ) ᵫᴲ

᷄ḵḋ᷊᷄ᶹ᷄ḳᵳᶇᶊḟḵ᷅ḱḨᵪᶨ│ᶉᶪ ᶱ ᵶᶝᵸᴳ ᶎᴲ 17 - 1 

ᶊ ᵸᶧᵥᶊᴲ│ᶉᶪḇᶹḧḻ᷅ᶆᴲ│ᶉᶪ ᶱ ᶆᵬᶪ ḗᴻḑᶻᶼᶷᴴᶷ

ᴻ᷂Ḏ᷄ḉḫᴻ ᶆ ᵴᶫᶝᵸᴳ ᵧᶏᴲּנ ⱳ ᶊ ᵴᶫᶪḩḪḲᴻᴴḵᴻḑᴴ

ḮḓḋḐᶎᴲ ⱳ ᶊ ᵴᶫᶪḩḪḲᴻᴴḵᴻḑᴴḮḓḋḐᶇᶚᶛ ᵷᶆᵡᶪּס

ᵫᵡᶩᶝᵸ  G 

ᶊᴲּנ ᶇ ᶍ ᶊᶎᴲ ᵷⱳ ḮḓḋḐᵫ ᵴᶫᶅᵣᶪּס

ᵫᵡᶪᵲᶇᶡ ᵧᶨᶫᶝᵸᴳḟḵ᷅ḱḨᶍ ᵫ ᵸᶪᶊᶃᶫᶅᴲḉḋḟ ᶍ

ḗᴻḑᶻᶼᶷᶎ ·ᶉ ᶊᶧᶂᶅ ᵴᶫᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 
 17 - 1.  ᷿ḻḟḳᶉ ISA ḡᴻḁᶍ ( ) : ḗᴻḑᶻᶼ  ʊ( ╓) ᶱ ᶊ  

 

ᶷᴻ᷂Ḏ᷄ḉḫᴻᶎ│ᶉᶩᶝᵸᴳ ·ᶉ ᶱ ᶍḗᴻḑᶻᶼᶷ ᶆ

ᵸᶪḦ᷿ḻᶆᶎᶉᵮᴲᶝᶂᵾᵮ ᶍ ᵪᶨ ᵶᶝᵸᴳ  
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ḟḵ᷅ḱḨᶍ ᶎᴲ ᶊᶎḟḵ᷅ḱḨ ᶱ╗ᶃᶍᶝᶇᶝᶩᶇᵶᶅ ᵧᴲ

ᵼᶫᶱ╗ ᶊḏḘᶹḁ ᶊ ᵶᶝᵸᴳḏḘᶹḁᶍ│ᶉᶪ ╓ᶎᴲḟḵ᷅ḱḨ ᶍ

│ᶉᶪ ᶱ ᵶᶝᵸᴳᵲᶫᶎᴲ ᶆḗᴻḑᶻᶼᶷᶱ ᶊ ᵸᶪ (

ᵧᶏ ISA) ᶡᶍᶇᶎᴲ ᵮᶍ ᶆ ᶍ ᵧ ᶆᵸᴳ ᶷᴻ᷂Ḏ᷄ḉḫᴻᶆᶎᴲ

ᶎ ᶍḗᴻḑᶻᶼᶷᶱ ᵰ ᶩᴲ ᶍ ᶱ ᵸᶪḗᴻḑᶻᶼᶷᶇ

ᶊ ( ᵷ᷄ḵḋ᷊᷄ᶹ᷄ḳᶆ) ᶆᵬᶝᵸᴳ  17 -2  ᶎᴲᵲᶍ ᶱ ᵶᶅᵣᶝᵸᴳ

ᵲᶫᶎᴲḟḵ᷅ḱḨ  (ᵲᶍ ᶆᶎ ᶊ ᶉḟḵ᷅ḱḨ) ᶱ ᶊ ᵶ

ᵾᶡᶍᶆᵸ  G
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 17 - 2.  :  ⱳ ᶎḏḘᶹḁᶍ│ᶉᶪ ╓ᶱ ᵶᶝ  н

 

ḟḵ᷅ḱḨᶍ ᶊ ᵸᶪ ᶎᵪᶉᶩ ᵴᶫᶅᵣᶝᵸᵫᴲטּ ᶷᴻ᷂

Ḏ᷄ḉḫᴻᶆᶎᴲḟḵ᷅ḱḨᶍ│ᶉᶪ ᵫḏḘᶹḁᶍ│ᶉᶪ ᶆ ᵴᶫᶪᶍ

ᶊ ᵶᴲ ᶷᴻ᷂Ḏ᷄ḉḫᴻᶆᶎ ḗᴻḑᶻᶼᶷᴴḃḋḐᶊ ·ᶇ ᵴᶫᶪᵲ

ᶇᶱ ᵶᶅᵣᶝᵸ  G

 

FPGA ᶍ│ᶉᶪ ╓ᶆ│ᶉᶪⱳ ᶱ ᵸᶪᶧᵥᶊḟḵ᷅ḱḨᵸᶪᵲᶇᶆᴲ

ISA ḡᴻḁᶍᶷ᷄ḃḱḴᴻḇᴻᶊ ᵰᶨᶫᶪḗᴻḑᶻᶼᶷᶍ╗ ᵫ ᶊᶉᶩ

ᶝᵸᴳ ᵧᶏᴲ 17 -2  ᶆᶎᴲ ḝᶼḋḉᶣḏ᷈ᴻḑḮḓḋḐᴲḟḵ᷅ḱḨ᷀ᶻḻḇ

ᴻᴲḴḀḁḇᴻḝᶶᶹḳᵫ ᶊᶉᶂᵾᵲᶇᶱ ᵶᶅᵣᶝᵸᴳ  
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ᶷᴻ᷂Ḏ᷄ḉḫᴻᶎᴲ ᶍ ᵫ ᵸᶪḏᴻḇᶱḴḀḁḇᴻḝᶶᶹḳᶊ

ᵸᶪ ᶮᶩᶊᴲ ᶍ ᶱ ᶍ ᶍ ᶊ ᵶᶝᵸᴳᵼᶍᵾᶠᴲ

ᶷᴻ᷂Ḏ᷄ḉḫᴻᶎḏᴻḇᴴḝḵᴻHᶷᴻ᷂Ḏ᷄ḉḫᴻᶇ ᶏᶫᶪᵲᶇᵫᶧᵮᵡᶩᶝᵸᴳ  

 

ᵲᵲᶆ ᵸ  ᶅFPGA ᶗᶍḦḋḜḻ᷅ᶊᶎᴲ ᶉᵫᶨᵣᵮᶃᵪᶍ ᵫ ᵷ

ᶝᵸᴳᶝᵹᴲḟḵ᷅ḱḨ ᶍ ᶎḏḘᶹḁᶍ ╓ᶱ╗ ᶍ ᶱ ᶠᶪᵾ

ᶠᴲḟḵ᷅ḱḨᵫ 100% ᶱ ᵧᶪ ╓ᶱ ᶇᵸᶪ ᶎᶈᵥᶉᶪᶆᵶᶦᵥ ?χ 

╗ ᶍḅḲḭᴻ᷿ḯḻᶆᶎᴲḙḝᶾᴻḦḻḁᶱ ᶊᵶᶅᶧᶩ ᵬᶉḟḵ᷅ḱḨᶱ

ᵸᶪḲḅᴻḁ ḩ᷀ḓḂḨᵫ ᵴᶫᶅᵣᶝᵸᵫFƎPGA ᶊᶎḟḵ᷅ḱḨᴴḝ

ᶸḋḎᶸḻ ᶍ᷅ ᵫᵡᶩᶝᵸᴳᵲᶫᶎ ᶆᶡᵡᶩ ᶆᶡᵡᶩᶝᵸ: 

 

 ɯ : ḟḵ᷅ḱḨᵫ FPGA ᶍ ╓ᶍ ᶱ ᵶᶅᴲᵸᶘᶅ

ᶍḗᴻḑᶻᶼᶷᶱ ᷄ḵḋ᷊᷄ᶹ᷄ḳ︣ ᵴᵺᶪᶍᶊ ᶉḷᴻ᷄

ᵫᵡᶪ ᴲḏḘᶹḁ ᶆḟḵ᷅ḱḨᶱ ᵸᶪᵲᶇᶎᴲᵼᶍ ᶠᶅ

ᵣ ᶊᶧᶩ ᶊ ᶆᵸᴳ ᶉᶷᴻ᷂Ḏ᷄ḉḫᴻᶆ

ᶎᴲ᷄ḵḋ᷊᷄ᶹ᷄ḳᵳᶇᶊ ᶍḗᴻḑᶻᶼᶷᵫ ᵸᶪּס

ᵫᵡᶪᶍᶊ ᵶ FƎPGA ᶆᶎᴲ ᶍᶷḟḲ᷆ᴻ᷿ḯḻᶊ ᶮᵺᶅ

╓ᶱ ᶉᵮ ᶊ ᶩ ᶅᶪᵲᶇᵫᶆᵬᶝᵸᴳᵲᶍ᷀ḁḇḦᶹḂ

ᶊᶧᶩᴲᶷḟḲ᷆ᴻ᷿ḯḻᶎ ᶉ ᶊᶧᶂᶅ ᶊ

סּ ᶇᶉᶩᴲ ᶫᵾᶽḕḳ᷃ᴻ ᶡ ᵶᶝᵸᴳ  

 

 ɯ : ᶉḟḵ᷅ḱḨᶎᴲḏḘᶹḁᶊ ᶝᶪᶧᵥᶊ ᶣ

ᵫ ᶊᶉᶪ ᵫᵡᶩᶝᵸᴳ᷈ḻḙᶹḱᴻᶍḲḅᴻḁ

ᶎᵲᶍ ᶍ ᶊ ᶀᶝᵸᵫᴲ ᴲḙḝᶾᴻḦḻḁᵫ ᵸᶪזּ

ᵾ  fFPGA ᶱ ᵸᶪ ᶱ ᶉᵣᶝᵸ IGSA ḡᴻḁᶍᶷ᷄ḃḱ

Ḵᴻḇᴻᶎᴲ ᶊ ᵮḲḅᴻḁ ᶱ ᵸᶪ ᶆᵸᴳ

FPGA ᵫ ᶆ ᶍּל ᶱ ᵸᶪᶍᶎᴲ ᶊᴲ סּ

ᶉ ╓ᶍ ᶱ ᵸᶪᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶱ ᶆᵬᶪ

ᶆᵸ  G 
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᷆ᴻḁᶆᶎ FƎPGA ᶍḲḅᴻḁ ᶎ IƎSA ḡᴻḁᶍᶷ᷄ḃḱḴᴻḇ

ᴻᶊ ᵾᶷᴻ᷂Ḏ᷄ḉḫᴻᶱᶡᵾᶨᵶᶝᵸᵫᴲᵲᶫᶎ ᷿Ḳ᷈ḻᶆ ᵴᶫᶪטּ

ᶍᶆᶎᶉᵮᴲ סּ ᶉḵḀḋ᷄ᶆ ᵴᶫᶝᵸᴳ ּס ᶉḵḀḋ᷄ᶎᴲ

᷿Ḳ᷈ḻ ᶊ ᶘᶅᶿᴻḘᴻḠḋḑᵫ ᵷᶪᵾᶠᴲFPGA ᶎ ISA  ᶱ ᵸᶪ

ᶇᵶᶅ ᵴᶫᶝᵺᶲ FGPGA  ᶆᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᵫḲḅᴻḁᶱ ᵶᶅ

ᵣḏᴻḇᴴḝḵᴻᴴᶷḳ᷉ḲḂḨᶱ ᶆᵬᶪ ᶊᴲ ᶍ ᶱ ᶨ

ᶫᶝᵸᴳᵲᶫᶊᶃᵣᶅᶎᴲ∙ ᶍḃ᷿᷄ḯḻᶆ ᵶᵮ ᵶᶝᵸᴳ 

 

ḙᶹḟḱᶹḻᶍ  

 

 17 -2  ᵪᶨ ᵷᶪᶡ  v1 ᶃᶍ ᶎᴲḟḵ᷅ḱḨᶍ ᵫ᷄ḵḋ᷄

ᶇᶈᶍᶧᵥᶊ ᵶᶅᵣᶪᵪᴲᵼᵶᶅḟḵ᷅ḱḨᶍ ᵪᶨ ᶝᶆᶈᶫᵮᶨᵣ

ᵮ ᶆᵬᶪᵪᶇᵣᵥᵲᶇᶆᵸᴳᶆᶎᴲḩḪḲᴻᵪᶨḏᴻḇᶱ ᶞ ᶞᴲ ᶇּנ

ⱳ ᶱ ᵶᴲᵼᶍ ᶱוֹ ᶒḩḪḲᴻᶊ ᵸᶪ ᶱ ᶆᵬᶪᵲᶇᵫטּ

⌐ᶊ ᶆᵬᶝᵸ  Gḟḵ᷅ḱḨᵫ ᵬᵮᶉᶩFƎPGA ḏḘᶹḁ ᶆ ᶡᶍⱳ

ᵫ ᶮᶫᶪᶧᵥᶊᶉᶪᶇᴲᵸᶘᶅᶍ ᶱ ᶊ ᵸᶪᶊᶎ (ⱳ ᶎᵶᶏᵶᶏ

ᶍⱳ ᶆ ᵴᶫᵾ ∟ᶊוֹ ᵸ )ᶅᴲ ⱳ ᶊᶧᶂᶅ ᵷᶪ Ⱬᶱ ᵸ

ᶪᶇᴲᵪᶉᶩᶍ ᵫᵪᵪᶪּס ᵫᵡᶪᵲᶇᵫ ᶨᵪᶊᶉᶩᶝᵸᴳ 

 

 17 -3  ᶊ ᵸᶧᵥᶊᴲ ᶍ ᶎוֹ ᶷᴻ᷂Ḏ᷄ḉḫᴻ ᶆ ᶇ

ᶇᶡᶊ  ( ) ᵴᶫᶝᵸᴳ ᵧᶏᴲḵᴻḑᵫ ᵴᶫᴲᵼᶍ ᵫוֹ ᶊ ᵴ

ᶫᴲᵼᶍ נᵫּוֹ ᶊ ᵴᶫᶪᴲᶇᵣᶂᵾ ᶊ ᵫ ᵶᶝᵸᴳ╗ ᵫ

ᵸᶪᶇᴲ ḏᴻḇᶎ╗ ᶍ ᶍ ᶝᶆ ᵶᴲ ᵫוֹ סּ ᶊᶉ

ᶪᵪᴲḩḪḲᴻᶊ ᵴᶫᶝᵸᴳ 
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 17 - 3.  ᶉ ᶍ  

 

 17 -3  ᶊ ᵸᶧᵥᶉ ᶎ ᶊ ᶆᵸᴳᶉᵻᶉᶨᴲᶚᶇᶲᶈᶍ

ḗᴻḑᶻᶼᶷᵫᵳᵮ╗ ᶍ ᶍᵶᵪ ᶉḷᴻ᷄ᶱ ᶂᶅᵣᶉᵣᵾᶠᶆᵸᴳᶚᶇ

ᶲᶈᶍ ᴲ ᶉᶈᶍⱳ ᶎᴲḵᴻḑᵪᶨᶍ ᵶᵣḏᴻḇᶱ ᵶᶅᵣᶪᵪᴲḉᶼ

ᴻḻᶍ ᶍⱳ ᵫᵼᶍ ᶱוֹ ᶆᵬᶪᶧᵥᶊᴲ ᶍ ᶱ ᵶᶅᵣᶪᵪᶍ

ᶈᶀᶨᵪᶆᵸ  Gᶚᶇᶲᶈᶍ ᷈ḻḙᶹḱᴻᶇ ᶎᴲḙᶹḟḱᶹḻ ᶊᶧᶂᶅᵲ

ᶍ ᶍ ᶱ ᵶᶅᵣᶝᵸᴳᵲᶫᶎᴲ ╗ḟḵ᷅ḱḨᶍ ᶱ ᵮᶍ᷄ḵ

ḋ᷊᷄ᶹ᷄ḳᶊ ᵴᵺᶪᵲᶇᶱ≥ ᵶᶝᵸᴳᵲᶫᶎᴲᵣᵮᶃᵪᶍⱳ ᶍ ᶊḴḀḁ

ḇ  ᴻ(ḗᴻḑᶻᶼᶷᶍḏᴻḇ ḟḲḧḎᶸḞ) ᶱשׂ ᵸᶪᵲᶇᶊᶧᶂᶅ ᵴᶫᴲ

ḴḀḁḇᴻᶎ 1 ᷄ḵḋ᷊᷄ᶹ᷄ḳᶍ ḘᶹḒḲᴻ ᶱ ᵶᶝᵸᴳⱳ ᶍ

ᶱוֹ ᵸᶪᵲᶇᶆᴲḉᶼᴻḻ ᶍ ᶍⱳ ᵫᵼᶍ ᶱ ᵶᴲᵼᶫᶱ ᶊⱳ ᶱ

ᵥᵲᶇᵫᶆᵬᶪᵾᶠᴲ ᶍⱳ ᶎ ᶍⱳ ᶗᶍ ᶊ☼ ᵸᶪᵲᶇᶉᵮᴲ ᶍ

ᵫᶆᵬᶝᵸ  G

 

ᶷḳ᷉ḲḂḨᴴḙᶹḟḱᶹḻ ᶍ ᶎᴲ ᷄ḵḋ᷊᷄ᶹ᷄ḳᶍ ᶊᵩᵣᶅᴲ

ᵸᶘᶅᶍⱳ  (ḗᴻḑᶻᶼᶷᴴḮḓḋḐ) ᶱ ᶊ︣ ᶊ┐ ᵸᶪᵲᶇᶆᵸᴳ  

17 -4  ᶎᴲ ᶍ ᶊḙᶹḟḱᶹḻ ᶱ ᵶᵾᶡᶍᶆᵸᴳᵲᶫᶨᶍḙᶹḟḱᶹḻ

ᶇ ᶎᴲᵸᶘᶅ᷈ḻḙᶹḱᴻᵫ ᶊ ᶂᶅᵮᶫᶪᵲᶇᶱ ᵧᶅᵩᵣ

ᶅᵮᵿᵴ !r   
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ᵲᶍḐḜḋ᷄ᶱ ᶩ ᵱᶪᶍᶎᴲ∙ ᶍḃ᷿᷄ḯḻᶆḙᶹḟḱᶹḻᶊḷᴻ᷄ᶱᶈᶍᶧ

ᵥᶊ ᶞ ᶟᵪᶱ ᵸᶪᵾᶠᶆᵡᶩᴲ᷈ᴻḑ ᶆ ᶊᶧ ḙɭᶹḟḱᶹḻּטᵸᶪ

ᵾᶠᶆᶎᵡᶩᶝᵺᶲ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 17 - 4.  ᶍḙᶹḟḱᶹḻּט:  ḁḎᴻḀᶱ ᶊ  

 

ᶉ ᶱḙᶹḟḱᶹḻּטᵸᶪᵲᶇᶆᴲ ᶍ ḱᶹḻᶇ ᵷᶧᵥᶊ

ᶆᵬᶝᵸᴳḙᶹḟḱᶹḻᶍטּ ḁḎᴻḀᶎḷᴻ᷄ ᶍᵳᵮ╗ ᵶᵪ ᵶᶝᵺᶲ

ᵫᴲ ᶊ ᵶᴲ ᶊ ᶍḷᴻ᷄ ∞ᶊ ᶩ ᵪᶩᶝᵸᴳḙᶹḟḱᶹḻᶊᶧᶪ

╗ᶍ ᶊᶎᴲ ᵪᶨ ᶝᶆᶊ ᵮᶍ᷄ḵḋ᷊᷄ᶹ᷄ḳᶱ ᵶᶝᵸᵫᴲḙᶹ

ḟḱᶹḻᶎ│ᶉᶪḏᴻḇᶊ ᵶᶅ ᵷ ᶍ ᶍᶹḻḁḇḻḁᶱ ᶊ ᵸᶪ

ᵲᶇᵫᶆᵬᶝᵸ  G

 

ḙᶹḟḱᶹḻ ᶆ ᶉ ᶍ ᵫ ᵴᶫᴲᵪᶃ ᶉ ᵶᵾ᷄ḵḋ᷊᷄ᶹ

᷄ḳᵫ ᵸᶪᶇᴲḙᶹḟḱᶹḻᶍ ḁḎᴻḀᴲᶑᵣᶅᶎḟḵ᷅ḱḨ ᶍ ⱳ ᵫᴲ

ᵸᶘᶅᶍ᷄ḵḋ᷊᷄ᶹ᷄ḳᶆ ᶉ ᶱ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳᶃᶝᶩᴲḏḘ

ᶹḁ ᵫ ᶊ ᶱ ᵶᶝᵸ Gᵲᶫᶎ ᶷᴻ᷂Ḏ᷄ḉḫᴻᶍ ᶞᶍ╗ᶃᶆ

ᵡᶩᴲḏḘᶹḁ ᵫ ᶊ ᶱ ᶆᵬᶝᵸᴳ ᵾᶀᶎᵲᶫḙɵᶹḟḱᶹḻ

ᶇ ᶲᶆᵣᶝᵸ  G
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ḙᶹḟḱᶹḻ ᶎFƎPGA ᶆḙḝᶾᴻḦḻḁ ᶱ ᵸᶪ ᶉ

ᶆᵸ  G

ḙᶹḟḱᶹḻᶎ   

 

FPGA ᵰ SYCL DPC++ ᴲᵩᶧᶒ ᶍ FPGA ᵰ Ḵḡḳᴴḟ

ḵ᷅ḱḧḻ᷅ᴴḅḲḭᴻ᷿ḯḻᶆᶎᴲᶷḳ᷉ḲḂḨᶍḙᶹḟḱᶹḻ ᶎ᷈ḻ

ḙᶹḱᴻᶊᶧᶂᶅ ᶊ ᵴᶫᶝᵸᴳ ᶆ ᵸᶪᶧᵥᶊᴲ ᶷᴻ

᷂Ḏ᷄ḉḫᴻᶊᵩᵰᶪ ᶱ ᵶᶅᵩᵮᵲᶇᶎᴲḙᶹḟḱᶹḻ ᶱ

ᵸᶪᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᵸᶪ ᶊ ᶀᶝᵸᴳḙᶹḟḱᶹḻᴴḴḀḁ

ḇᴻᶍ ᶇḘḱḻḁ ᶎᴲ ᵫ ᶆ ᵥᶍᶆᶎᶉᵮᴲ᷈ḻḙᶹḱ

ᴻᶊᶧᶂᶅ ᶮᶫᶪᵲᶇᶱ ᶊᵶᶅᵩᵮ ᵫᵡᶩᶝᵸᴳ 

 

 

ᶍḟḵ᷅ḱḨᶣᶷḳ᷉ḲḂḨᶊᶎᴲ ḝḵᴻ ( ᵧᶏ iƎf / else  ) ᵫ

ᵡᶩᴲḟḵ᷅ḱḨᶍ╗ ᵫ᷄ḵḋ᷊᷄ᶹ᷄ḳᶍ╗ ᶆ ᶷ᷄ḎᶸḞ ᶊᶉᶩᶝ

ᵸ FGPGA ᷈ḻḙᶹḱᴻᶎ ᴲ ḝḵᴻᶍ ᶆ ᶉ ╓ᶍ ᶱ

ᶊ ᵧᴲ ᶱ סᵸᶪᵾᶠƎּטּ ᶆᵡᶫᶏ ᶍ ᶆ ᵷḗᴻḑᶻᶼ

ᶷᴴḲḅᴻḁᶱ ᶆᵬᶪᶧᵥᶊ ᶱטּ ᵣᶝᵸᴳᵲᶫᶊᶧᶩᴲ ḝḵᴻᶍ

ᶎᴲ ᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᴲ ᶊḡ᷄Ḑḳּטᶷᴻ᷂Ḏ᷄ḉḫᴻᶊ ᶘᶅᴲᶎᶪᵪᶊ᷈ḁ

Ḑᵫ ᵮᴲ ᶍ ᶡ ᶉᵮᶉᶩᶝᵸᴳ 

 

᷀ᴻḕḳᶎḉḋḟᶍᵆ ╓ᵇᶱ  

 

ᶍ ᶆᶎ SƎYCL ᶷḟḲ᷆ᴻ᷿ḯḻ ᶍ ᷀ᴻḕḳᶎFƎPGA ᶍḲḅᴻḁ 

(ḏḘᶹḁ ᶍ ᶝᵾᶎ ╓) ᶱ ᵸᶪ ḙᶹḟḱᶹḻᶱ ᵶᶝᵸ 1G7 -

5  ᶊ ᶱ ᵶᶝᵸ  G
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 17 - 5.  ╗ FPGA ḘᶹḒḲᴻ ᶍ ᶍ᷀ᴻḕḳֹ᷀ᴻḕḳᶎ ᶊ  סּ

 

᷀ᴻḕḳᶎḏḘᶹḁ ᶆᵼᶫᵽᶫ ᶍ ╓ᶱ ᵸᶪᵾᶠᴲ│ᶉᶪ᷀ᴻḕḳᶱ

ᶊ ᶆᵬᶝᵸᴳᵡᶪ᷀ᴻḕḳᵫḩḪḲᴻᶗᶍᶷ᷄ḃḁᶱ ᵶᶅᵣᶪ ᶆ

ᶡ FƎPGA ᶍ ᶍ᷀ᴻḕḳᶎᴲḉḋḟ ᶍ ᶍ ᶊᵡᶪ ᵶᵾḙᶹḟḱᶹḻ

ᶆᵡᶪᵾᶠᴲ ᶱ ᶆᵬᶝᵸ Gᵲᶫᶎᴲ ᶊᶎ᷀ᴻḕḳ ᶊᵩᵰᶪ ᵶᵾ

ᶇᵶᶅ ᵴᶫ FƎPGA ᶍ ⱳ ᶊᵩᵰᶪ ᶉ ᶆᵸ  G

 

 

FPGA ᶱ ᵸᶪḇᶹḧḻ  ᷅
 

ᶍᶷ᷄ḃḱḴᴻḇᴻᴴᶷᴻ᷂Ḏ᷄ḉḫᶇ ᶊᴲFPGA ᵫ ᶉᶷ᷄ḃḱḴᴻḇᴻ

ᶆᵡᶪᵪᴲᵡᶪᵣᶎ ᶍ ᵫ ᶆᵡᶪᵪ ᵸᶪᶊᶎᴲ ᵮᶍ ᴲᶷᴻ᷂

Ḏ᷄ḉḫᴻᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᴲᵩᶧᶒ᷿ḁḎḨᴴḤḐḳḕḋ᷄ᶊ ᵸᶪ ᵫ

ᶆᵸᴳᵲᶍḃ᷿᷄ḯḻᶆᶎᴲ ᵸᶘᵬᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶊᶃᵣᶅ ᵶ

ᶝᵸ  G

 

ᵾᵮᵴᶲᶍḷᴻ  ᷄

 

ᶍ ᶷ᷄ḃḱḴᴻḇᴻᶇ ᶊᴲ ᶫᵾḙḝᶾᴻḦḻḁᶱ ᵸᶪᶊᶎᴲ ᶉ

ᶍḷᴻ᷄ᵫ ᶇᶉᶩᶝᵸᴳ ╗ᶍḏᴻḇ ᵪᶨ ╗ᶍ ᶱוֹ ᵸᶪ ᴲ

ᶷ᷄ḃḱḴᴻḇ  ᴻ (ᶈᶍᶧᵥᶉ ᶆ )ɟ ᶍ ᶎ ᶆᶎᶉᵣּס ᵫᵡᶩᶝᵸ  G 
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ᵲᶫᶎ FƎPGA ᶡ ᶆᶎᵡᶩᶝᵺᶲ FGPGA ᷈ḻḙᶹḱᴻᵫḙᶹḟḱᶹḻ

ᶱ ᵶᶅᵣᶪᵲᶇᶱ ᶂᶅᵣᶫᶏᴲᵲᶫᶎᵴᶨᶊ ᶆᵸᴳᶷḳ᷉ḲḂḨᶍḙᶹ

ḟḱᶹḻ ᶎᴲ ᴲ ∙ ᶍḁḎᴻḀᵪᶨ ᵴᶫᴲ ḁḎᴻḀᶎ᷄ḵḋ᷊᷄

ᶹ᷄ḳᵳᶇᶊ│ᶉᶪ ᶱ ᵸᶪ ᵫᵡᶩᶝᵸᴳ ᶍḙᶹḟḱᶹḻᴴḁḎᴻ

Ḁᶱᴲᶚᶇᶲᶈᶍ ︣ ᵴᵺᶪ ᶉḷᴻ᷄ᵫᶉᵣ ᴲ ᶎ ᵶᶝᵸᴳḙᶹזּ

ḟḱᶹḻᶍ ḁḎᴻḀᶆᶍ ᶍ ᶱᴲḙᶹḟḱᶹḻ ᶇ ᶒᶝᵸᴳ

ᵲᶫᶎ GƎPU ᶉᶈ ᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶱ ᵸᶪטּ ᶊ ᵴᶫᶪ ᶍ

ᶇᶎ│ᶉᶩᶝᵸ  G

 

FPGA ᶍḙᶹḟḱᶹḻᴴḁḎᴻḀᶱ ᶠᶪ ᶱ ᵸᶪ ᶎ ᵡᶩᴲᵼᶫ

ᶨᶊᶃᵣᶅᶎ∙ ᶍḃ᷿᷄ḯḻᶆ ᵶᶝᵸᴳ 

 

᷀ḁḇḨ ᶝᵾᶎ  

 

FPGA ᶎ ·ᴲ ᵣ ⱳ ᶇḛḋḐⱳ ᶱ ᵶᴲ ᶍḉḋḟᶍᶹḻḇᴻḝ

ᶼᶹḁᶱ ᶊ ᵴᵺᶪ ḵḀḋ᷄ᶇᵶᶅ ᵸᶪᶧᵥᶊ ᵴᶫᶝᵶᵾᴳ

FPGA ᶎᴲ ᶉᶪḵḀḋ᷄ ᶍ ᶆᶎᶉᵮᴲ ᶉⱳ ᶱ ᶃ ᶗᶇ

ᵶᶅᵬᶝᵶᵾᵫᴲḛḋḐⱳטּ ᴲ᷀ḁḇḨḏᴻḇ ᶣ ᶊ ᵸᶪ ⱳ ᴲḙ᷆ḋḐḠ

ḋḈᴻ ᶍ ≥ᶍḛḋḐḝᶸᴻḳḑᶊ ᵸᶪⱳ ᶉᶈᶊᵩᵣᶅᶎᴲ∟ ᶇᵶᶅ

ᶊ ᶆᵸ  G

 

ᶍ ᶊ ᵸ  ᶅFPGA ᶍ ᶉᶷᴻ᷂Ḏ᷄ḉḫᴻᶊᶧᶩᴲ ᶆ ≥ᶍ

ḏᴻḇ ᶱ ᵮ ᵸᶪᵲᶇᵫּס ᶊᶉᶩᶝᵸᴳ ᵧᶏᴲ33 ḛḋḐᶍ

ᶣ 129 ḛḋḐᶍּנ ᵫ ᶉ FƎPGA ᶎᵲᶫᶨᶍ᷀ḁḇḨⱳ ᶱ

ᵮ ᶆᵬᶝᵸᴳᵲᶍ ᶊᶧᶩFƎPGA ᶎᴲ ᶆᶎ ᶉᶈᴲ ᶊ

ᵸᶪטּ ᶆ ᵮ ᵴᶫᶅᵣᶝᵸᴳ ᶆᶎᴲḏᴻḇ ᶣⱳ ᵫ ASIC 

ᶗᶍ ᶞ ᶞᶧᶩᶡ ᵣḢᴻḁᶆ  ᵶᶅᵣᶪᵾᶠᶆᵸ Gטּ
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ḁ᷀ḱᴻᴴḏᴻḇᴴḝḵᴻ 

 

 17 -4  ᵪᶨ ᶨᵪᶉᶧᵥᶊ FƎPGA ḙᶹḟḱᶹḻᶆ ᶉᵲᶇᶎᴲⱳ ᶍ

ḏᴻḇᵫḉḋḟ ᶊ ᵴᶫᶪᵿᵰᶆᶉᵮ ( ḩḪḲᴻᶊᶎ ᵴᶫᶉ )rᴲ

ḙᶹḟḱᶹḻᴴḁḎᴻḀ ᶍ ḏᴻḇᶊᶎ ᶍḁḐḴᴻḀḴḀḁḇᴻᵫᵡᶪᵲ

ᶇᶆᵸ FGPGA ᶍ ᶎᴲ ᵮᶍ ᴲ ᶍḙᶹḟḱᶹḻּטᶊᶧᶂᶅ ᵴ

ᶫᶝᵸᴳᶃᶝᶩᴲ ᵮᶍⱳ ᵫ ᶊ ᵴᶫᴲᵼᶫᵽᶫᵫḙᶹḟḱᶹḻᶍ│ᶉᶪḁ

ḎᴻḀᶆ ᵴᶫᶝᵸ  Gᵼᶍ ᴲḟḵ᷅ḱḨᶍוֹ ⱳ ᵫ ᵸᶪ ╓ᶆᶡᴲḁ

᷀ḱᴻᴴḏᴻḇᴴḝḵᴻᶎ ( ᶊ) ╗ ᶉ ᶇᶉᶩᴲ ᶍ ᵫ ḡ᷄

Ḑḳ ᶍḴᴻḻᶇᵶᶅ ᵴᶫᶪḡ᷄Ḑḳᴴᶷᴻ᷂Ḏ᷄ḉḫᴻᶇᶎ ᶊ│ᶉᶩ

ᶝᵸ  G

 

ḙᶹḟḱᶹḻᶊᵩᵰᶪ ᶍḁ᷀ḱᴻ ᶉ ᶎᴲ ᵮᶍᶷḟḲ᷆ᴻ᷿

ḯḻᶊᵩᵣᶅ ᶆᵸᴳᵼᶫᶎᴲḷᴻ᷄ ∞ ᶆḏᴻḇ∟ ᵫ ᵣ ᶆᶡᴲᵲᶍ

ᶎ∟ ᶇᵶᶅ ᵴᶫᶪᵾᶠᶆᵸᴳᵲᶍᶧᵥᶉḏᴻḇ∟ ᶎᴲḙḝᶾᴻḦḻ

ḁᶱ ᶉᵥᵲᶇᶉᵮ ᶆᵬᶝᵸᴳᵲᶫᶊᶃᵣᶅᶎᴲᵲᶍ ᶍ ᶆḳᴻḟ ∟

ᶊᶃᵣᶅ ᵸᶪ ᶊ ᵶᵮ ᶘᶝᵸ Gᵼᶍ ᴲוֹ ḙᶹḟḱᶹḻᴲᶑᵣ

ᶅᶎ FPGA ᶎᴲḷᴻ᷄ ∞ (ḷᴻ᷄ ᶉᶈ) ᶍḏᴻḇ∟ ᶱ ᶆᵬᵹᴲ

ᶍ ᵫ ᶇᶉᶪᶷḳ᷉ḲḂḨᶊᵩᵣᶅ ᶉḇᴻ᷇ḋḐᴴᶷᴻ᷂Ḏ᷄

ḉḫᴻᶇᶉᶩᶝᵸ G ᶍᶷ᷄ḃḱḴᴻḇᴻ ᵰᶍ טּ ᶍ ᵮᶎᴲ ᶉᶷḟ

ḵᴻḉᶊᶧᶂᶅ∟ ᶱ ᵶᵾᶩᴲ᷊Ḟ᷅ḳᴻḟᶉᶈᶍ ᶱ ᵷᶅ ᵴᶫ

ᵾ ᶱ ᵸᶪᵲᶇᶊ ᶱ ᵣᶅᵣᶝᵸ  G ᶮᶩᶊ FƎPGA ᶎ ᶉ∟

ᶊ ᶄᵮ ᶊᵩᵣᶅ ᶫᵾ ᶱ ᵸᶪᵾᶠᴲᵼᶍᶧᵥᶉḙḇᴻḻᶱ ᶃᶷ

ḳ᷉ḲḂḨᶍ᷄ḱḁᶱ ᶩ⅛ᵥ ᶊᶎFƎPGA ᶍ ᶱ ᵸᶘᵬᶆᵸ  G

 

ḳᴻḟᶎ ᵡᶩᶝᵺ  ɸ 
 

ḏᴻḇᴴḝḵᴻᴴᶷᴻ᷂Ḏ᷄ḉḫᴻᶊ ᵸᶪᶧᵮᵡᶪ ᶎᴲ ᵫ

ᶝᵾᶎ ᶉḳᴻḟᶎᴲ ᶉ ḙᶹḟḱᶹḻᶆᶎᶉᵣᵾᶠᴲḏᴻḇḝ

ḵᴻᶍḙḝᶾᴻḦḻḁᵫ   ᵸᶪᶍᶆᶎᶉᵣᵪᶇᵣᵥᶡᶍᶆᵸᴳזּ

ᶉᵮᶇᶡᶹḻḎḳᶍ FPGA Ḍᴻḳḉᶼᴻḻᶊᵩᵣᶅᶎᴲᵲᶫᶎ ᶅᶎᶝᶩ

ᶝᵺᶲᴳ ᶉᵮᶇᶡᶹḻḎḳᶍ ᴲḳᴻḟ ᶎḙᶹḟḱᶹḻ ᶆ ᵣ

ᶱ┐ ᵸᶪ ᵣ ᶆᵡᶩᴲ᷈ḻḙᶹḱᴻᶎ ᶍḳᴻḟ ᶱᶿᴻḘᴻ

ḱḋḟᵴᵺᶅ ᶆᵬᶪᶧᵥᶊᵸᶪᶇᵣᵥ ᶊ ᶄᵣᶅ ᵴᶫᶅᵣᶝᵸᴳ

ḳᴻḟᶊᶧᶩᴲ ᶊḙᶹḟḱᶹḻᶱ ᶊ︣ ᵴᵺ ᵰᶪᵲᶇᵫᶆᵬᶝᵸ! 
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ᵣḴᶹḎḻ᷿ᴻᶇ ᶉ  

 

ḏḘᶹḁᶊ ᵴᶫᵾ ᶉ Ḑḱḻ᷿ᴻḘᴻᶱ ᵸᶪ╗ ᶉ FPGA ᶍ

ᶎ SƎYCL ᶱ ᵸᶪ ᶊᶇᶂᶅᶡ ᶆᵸᴳ ᵧᶏ  Ǝ17 -6  ᶊ ᵸ

ᶧᵥᶊᴲ╗ ᶍ FPGA ᶷ᷄ḃḱḴᴻḇᴻᴴ᷀ᴻḑᶊᶎᴲḕḋḐḷᴻ᷄ᴴᶹḻḇᴻḝᶼᶹ

ḁᵫ ᵴᶫᶅᵩᶩᴲḏᴻḇᶱḏḘᶹḁᶊ ḁḐḲᴻḧḻ᷅ᵶᶅ ᵶᴲᵼᶍ וֹ

ᶱḕḋḐḷᴻ᷄ᶊ ḁḐḲᴻḧḻ᷅ᵶᶅ ᵸᵲᶇᵫᶆᵬᶝᵸᴳᵲᶍᶧᵥᶉ᷿ḁḎḨ

ᶎᴲ ḴᶹḎḻ᷿ᴻᶱ ᶊ ᵧᶪ ᶣᴲᶿḢḴᴻḎᶸḻ᷅ᴴ᷿ḁḎḨᶍḕḋḐ

ḷᴻ᷄ᴴḁḇḋ᷄ᶱ ᵶᵾ ᵫ ᵸᵭᶪ ᴲᵡᶪᵣᶎ CPU ᶍ Ḳḅᴻḁᶱ

ᵸᶪᵾᶠ ᶱᶿḝḵᴻḑᵸᶪ ᶊ ᶠᶨᶫᶝᵸᴳ 

 

 

 

 

 

 

 

 

 
 17 - 6.  ḴᶹḎḻ᷿  ᴻI/O ḁḐḲᴻḨ: FPGA ᶎḕḋḐḷᴻ᷄ᴴḏᴻḇᶇⱳ ᶱ ᶊ  

 

FPGA Ḑḱḻ᷿ᴻḘᴻᶱ ᵶᵾ ᶱ ᵸᶪᶇᴲּס ᶎᶚᶛ

ᶆᵸᵫᴲ ᶎᶷ᷄ḃḱḴᴻḇᴻᶱ ᵸᶪ ᶆ סּ ᶉᶡᶍᶊᶧᶂ

ᶅ ᶝᶩᶝᵸ  G 
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ᶍᶷ᷄ḃḱḴᴻḇᴻᴴ᷀ᴻḑᶗᶍ∟ ᵫ ᵮᴲ ᶡ ᶊᶮᵾᶪᵾᶠᴲᵲᶍ

ᶆḙᶹḟ ᶍ ᶊᶃᵣᶅ ᵸᶪ∙ ᶎᴲ ᶆᶎᶷḟḲ᷆ᴻ᷿ḯḻᶊᶃᵣ

ᶅᶎ ᵶᵮ ᶫᶝᵺᶲᴳ ᶮᶩᶊᴲ ᶍᶷ᷄ḃḱḴᴻḇᴻᴴ᷀ᴻḑᶊ ᵰᶨᶫ

ᵾḡḻḈᴻᶍḑ᷂ḭḩḻḐᶱ ᵸᶪᵪᴲ ᶍᶹḻḇᴻḝᶼᶹḁ ᶊ ᵥᶷ᷄ḃ

ḱḴᴻḇᴻᴴ᷀ᴻḑᶱ ᵸᶘᵬᶆᵸᴳ 

 

᷀ḁḇḨᴴḩḪḲᴻᴴ᷿ḁḎḨ 

 

FPGA ᶍḩḪḲᴻ᷿ḁḎḨᴲ ᵧᶏ ḟḱᶹḡᴻḐᴴḩḪḲᴻᶣḷᴻ᷄᷅ḳᴻ

ḟᴴḵᴻ᷀ḳᴴḩḪḲᴻᶎᴲᶿḻḉḋḟḩḪḲᴻᶍ ᵴᶉḞḵḋ᷄ᵪᶨ ᵴᶫᶝᵸᴳ

ᵲᶫᶎ ᶉ ᶆᵸᴳᶉᵻᶉᶨᴲ ḩḪḲᴻ᷿ḁḎḨᶎᴲᵼᶫᶱ ᵸᶪᶷḳ᷉ḲḂ

Ḩᶣ᷀ᴻḕḳᶍ ᶍ ᶊ ᶮᵺᶅ᷀ḁḇḨ ᵴᶫᶪᵾᶠᶆᵸFGPGA ᶎᶿ

ḻḉḋḟḩḪḲᴻ ᶍ ╓ ᵫ ᶊ ᵮᴲ᷀ḁḇḨᴴḩḪḲᴻᴴ᷿ḁḎḨᶍ ᶇ ᶞ

ᶮᵺᶪᵲᶇᶆᴲ ᶇᶎ│ᶉᶪᶷ᷄ḃḁḙḇᴻḻᶣ ᶱ ᶃᶷḟḲ᷆ᴻ᷿ḯḻᶆ

ᶡ ᶫᵾḙḝᶾᴻḦḻḁᶱ ᶆᵬᶝᵸ  G17 -7  ᶎᴲḩḪḲᴻ᷿ḁḎḨᵫ FPGA 

ᶊ ᵴᶫᶪ ᶊ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ ᶮᶫᶪ ╗ᶍטּ ᶱ ᵶᶅᵣᶝᵸᴳ 

 

 

 

 

 

 

 

 

 

 
 17 - 7.  FPGA ḩḪḲᴻ᷿ḁḎḨᶎᴲ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ ᶍ᷈ᴻḑᶊ ᶮᵺᶅ

᷀ḁḇḦᶹḂ 

 

GPU ᶉᶈ ᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶎᴲ ᶉ ᶊᶎ ᵶᶣᵸᵣ ḩ

ḪḲᴻ ᶱ ᶂᶅᵣᶝᵸᵫᴲ ᵮᶍ ᴲ ᵫטּ ᶉ ᶡᵡᶩᶝᵸᴳ ᶍᶷ

᷄ḃḱḴᴻḇᴻᶊᵩᵰᶪ ᵮᶍ ᶎᴲḘḻ᷄טּ ᶱ ᵸᶪᵾᶠḩḪḲᴻḙḇ

ᴻḻᶱ ᵸᶪᵲᶇᶊ ᶱ ᵣᶅᵣᶝᵸ G 
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Ḙḻ᷄ᵳᶇᶍᶷ᷄ḃḁḥᴻḐ ᶍ┴ᵣᶣᴲ ᶇᶎ│ᶉᶪḘḻ᷄ ᶉᶈᴲ᷀ḁḇḨḩ

ḪḲᴻ ᶊᶧᶂᶅḩḲḋḐᵫ ᶨᶫᶪᶷḳ᷉ḲḂḨᵫᵡᶪ ᴲFPGA ᶎᵸᵯᶊ

ᶱ ᶆᵬᶝᵸᴳ ᶊᶎᴲ ḩḪḲᴻ᷿ḁḎḨᶱ ᵮ ᵸᶪ᷈ᴻḑ

ᶱ ᵸᶪᵲᶇ ( ᶍᶚᶇᶲᶈᶍᶷ᷄ḃḱḴᴻḇ )ᴻ ᶇᴲ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ

ᶍ᷈ᴻḑᶊ ᶮᵺᶅ ᵮ ᵸᶪᶧᵥᶊḩḪḲᴻ᷿ḁḎḨᵫ᷀ḁḇḨ ᵴᶫ

ᶪᵲᶇ (FPGA) ᶍ┴ᵣᶆᵸ  G

 

 

FPGA ᶆ  
 

FPGA ᶆ᷀ᴻḕḳᶱ ᵸᶪᶊᶎ (Ǝ ᶍ ᷈ḻḙᶹḳᴴᶷ᷄ḃḱḴᴻḇᴻᶇ

ᶊ) 2 ᶃᶍḁḎḋḟᵫᵡᶩᶝ :н 

 

 ɯ ḅᴻḁ᷈ᴻḑᶱᴲ ᶇᵸᶪḗᴻḑᶻᶼᶷᶆ סּ ᶉḘᶹḒḲᴻᶊ

᷈ḻḙᶹḳᵸ  ᶅ

 

 ɯ ᶊᴲ ᶇᵸᶪ ᶉᶷ᷄ḃḱḴᴻḇᴻᶱ ᵸᶪ 

 

FPGA ḗᴻḑᶻᶼᶷ ᶆ ᶆᵬᶪ᷀ᴻḕḳᶱ᷈ḻḙᶹḳᵸᶪᶊᶎᴲ∙ּזᶍ᷈Ḧ

ḻḑḱᶹḻᶱ ᶆᵬᶝ :н 

 
icpx - fsycl - fintelfpga my_source_code.cpp - Xshardware  

 

ᵲᶍ᷈Ḧḻḑᶎᴲ᷈ḻḙᶹḱᴻᶊ ᵶᶅᴲmy_source_code.cpp  ᶍᵸᶘᶅᶍ

᷀ᴻḕḳᶱᶹḻḎḳ FPGA ᶷ᷄ḃḱḴᴻḇᴻ ᶆ סּ ᶉḘᶹḒḲᴻᶊ ᵶᴲ

ᵴᶫᵾḣḁḐḘᶹḒḲᴻ ᶊᵼᶫᶨᶱḙḋ᷆ᴻḀּטᵸᶪᶧᵥᶊ ᵶᶝᵸᴳḣḁ

ḐḘᶹḒḲᴻᶱ ᵸᶪᶇ ( ᵧᶏ LƎinux ᶆ ./a.out  ᶱ ᵸᶪᶇ)ᴲ  17 -8  

ᶊ ᵸᶧᵥᶊᴲḱḻḇᶹḨᶎᴲ ᵴᶫᵾ᷀ᴻḕḳᶱ ᵸᶪ ᶊᴲ ᶊꞌᵷᶅ

ᵴᶫᶅᵣ  ᶅFPGA ᶱ ᶊḟḵ᷅ḱḨᵶᶝᵸ G
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 17 - 8.  ᶊ FPGA ᵫ ᶊḟḵ᷅ḱḨᵴᶫ  ᶅ

FPGA ḟḵ᷅ḱḧḻ᷅ ᶍḘᶹḒḲᴻᶎᴲḣḁḐ ᶆ ᵸᶪ᷈ḻḙᶹḳ ᶞ

ᶍ DPC++ ḝᶶᶹḳᶊ ᶞ ᶝᶫᶅᵣᶝᵸFGPGA ᶎḘḋ᷄᷅ḱᶻḻḑ

ᶆ ᶊ ᵴᶫᶝᵸ  G

ḣḁḐḟḵ᷅ḱḨᶱ ᵶFƎPGA ᶆ ᶍ᷀ᴻḕḳᶱ ᵸᶪᵾᶠᶊ

ᵸᶪ FƎPGA ᶗᶍḟḵ᷅ḱḨ ᵬ ᶞᶊ ᵫᵪᵪᶪᵾᶠᴲ᷀ᴻḕḳᶍ

ᶝᶆᶊ ᶍ Ⱬᵫ ᵸᶪּס ᵫᵡᶩᶝᵸᴳᵶᵪᵶᴲ᷀ᴻḕḳᶎ

ᶊḏḘᶹḁᶊḟḵ᷅ḱḨᵴᶫᶅᵩᶩᴲ ᵫ ᶂᶅᵣᶪᵾᶠᴲ ᶊ᷀ᴻḕḳ

ᶱ ᵸᶪ ᶊᶎᴲ ᶍ Ⱬᶎ ᵶᶝᵺᶲᴳ 
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ᶍ FPGA ḏḘᶹḁᶍ ᶊᶃᵣᶅᶎᴲ  2 ᶆ ᵶᶝᵶᵾᴳ᷀ᴻḕḳ

ᶱ ᵸᶪ ᶱḣḁḐḟḵ᷅ḱḨᶊ ᵧᶪ ᵫᵡᶩᶝᵸᴳ ᴲFPGA ᶊּנᵧ

ᶅ CPU  ɥGPU ᶉᶈᴲ ᶍᶷ᷄ḃḱḴᴻḇᴻᴴᶿḟ᷿ḯḻᵫ סּ ᶆᵸᴳḟḵ

᷅ḱḨ ᶊ FPGA ᶱ ᵸᶪ ᶍ 1 ᶃᶱ ᶊᶝᶇᶠᶪᶇᴲ  17 -9  ᶍ

ᶧᵥᶉ᷈ᴻḑᶊᶉᶩᶝᵸ G

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

#include  <sycl/sycl.hpp>   

using  namespace  sycl ;  

   

void  say_device ( const  queue&  q) {  

   std ::cout << "Device : "   

             << q. get_device (). get_info <info :: device ::name>()  

             << " \ n" ;  

}  

   

int  main () {  

   queue  q{ ext :: intel :: fpga_selector_v };  

   say_device (q);  

   

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

     h. parallel_for ( 1024 , [=]( auto  idx ) {  

       // ...   

     });  

   });  

   

   return  0;  

}  

 
 17 - 9.  fpga_selector ᶱ ᵶᶅ ᶊ FPGA ḏḘᶹḁᶱ  

 

 

᷈ḻḙᶹḳ  

 

FPGA ᵰᶍ ᷈ḻḙᶹḳᶊᶎ IƎSA ḡᴻḁᶍᶷ᷄ḃḱḴᴻḇᴻ ᵰᶍ᷈ḻḙᶹ

ḳᶧᶩᶡᴲᶎᶪᵪᶊ ᵣ ᵫᵪᵪᶪᶇ ᶮᶫᶅᵣᶝᵸᴳᵼᶫᶎ ᶆᵸ ...ᵲᶍ

ᶍ ᶆᶎ FƎPGA ᶍ ᶇᴲ ᶊᶧᶂᶅᶎ ᵪᵪᶪᵲᶇᶡᵡᶪ

ᶍ ᵣ᷈ḻḙᶹḳ ( ᶍ (טּ ᶊ ᵸᶪ FƎPGA ᶍᶷᴻ᷂Ḏ᷄ḉḫ

ᴻ ᶍ ᶱ ᵶᶝᵸ  G
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ḅᴻḁ᷈ᴻḑᵪ  ʝFPGA ḗᴻḑᶻᶼᶷᶆ ᵴᶫᶪᶝᶆᶍ᷈ḻḙᶹḳ ᶎ

ᶊ ᵣᵾᶠᴲ᷈ᴻḑᶍ ᶇ ᶩ ᵶ ᶱḗᴻḑᶻᶼᶷᶍᶞᶆ ᵥᵲᶇᶎ ᶝ

ᵶᵮᵡᶩᶝᵺᶲ GFPGA ḝḵᴻᶎᴲḗᴻḑᶻᶼᶷᴴ᷈ḻḙᶹḳᶍ ᶱ ᶊ

ᵧᶪ ᶍḁḎᴻḀᶱ ᵧᶅᵩᶩᴲḗᴻḑᶻᶼᶷᴴ᷈ḻḙᶹḳᶊ ᵫᵪᵪᶂᶅᶡ

ᶱ┐ ᶆᵬᶪᶧᵥᶊ ᵴᶫᶅᵣᶝᵸᴳ  17 -10  ᶎ ᶉḁḎᴻḀᶱ

ᵶᶅᵩᶩᴲ ᶍᶚᶇᶲᶈᶎᴲ ᶉḇᴻḻᶷḱᶻḻḑᶇ ᶱּס ᶊᵸᶪ ḁ

ḎᴻḀᶊ ᶣᵴᶫᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 17 - 10.  ᶇ ᶍטּ ᶎᴲ ᵣ ᶱ ᵸᶪḗᴻḑᶻᶼᶷᴴ᷈ḻḙᶹḳᶍ ᶊ ᶮ

ᶫᶝ  н

 

ᶽḧḭḴᴻ᷿ḯḻᶇ᷈ḻḙᶹḱᴻᶍ ḴḥᴻḐᶎᴲDPC++ ᶊᵩᵰ  ᶅFPGA ᷈

ᴻḑ ᶍ ᶇᶉᶩᶝᵸᴳᵲᶍᶽḧḭḴᴻḇᴻᶎᴲ ᵸᶪ ᶍ᷊ḥᴻḐᶣ

ḪḏḳᶍᶽḧḭḴᴻ᷿ḯḻᶉᶈᴲᵡᵾᵪᶡ FPGA ᶆᵡᶪᶧᵥᶊ ᵶᶝᵸᵫᴲ

ḣḁḐᴴḟḵḃḋ᷊ᴻ ᶆ ᵴᶫᶝᵸᴳ ᵶᵾᵫᶂᶅᴲ᷈ḻḙᶹḳ ᶎ CPU ḏḘ

ᶹḁᶗᶍ᷈ḻḙᶹḳᶍ ᶇᶚᶛ ᵷᶆᵸᵫᴲ ᶍ FPGA ḗᴻḑᶻᶼᶷ ᶆ

ᵶᵾ ᶊ ᶨᶫᶪᶧᵥᶉḙḝᶾᴻḦḻḁᶍ ᶎ ᶆᵬᶝᵺᶲᴳ ᶽḧḭḴᴻḇᴻ

ᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶉ ᵶᵴᶱ ᵶᴲḎḁḐᵸᶪᶍᶊ ᶊ ᶀᶝᵸᴳ 
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ᶽḧḭḴᴻ᷿ḯḻᶉᶈᶍ ḴḥᴻḐᶎᴲḌᴻḳḉᶼᴻḻᶊᶧᶂᶅ ᶊ ᵴᶫ

ᶝᵸᴳḴḥᴻḐᶎᴲ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ ᵴᶫᵾ FPGA ᶇᴲ᷈ḻḙᶹḱᴻᶊ

ᶧᶂᶅ ᵴᶫᵾḤḐḳḕḋ᷄ᶊᶃᵣᶅ ᵶᶝᵸᴳᵲᶫᶨᶎᶈᶀᶨᶡᴲ ᵫ 

FPGA ḗᴻḑᶻᶼᶷ ᶆ ᵴᶫᵾ ᶊ ᶉḙḝᶾᴻḦḻḁᶱ ᵸᶪᵪ

ᵸᶪᵾᶠᶊ ᶆᵬᴲ᷈ᴻḑᶍ ᶊᶡטּ ᵴᶫᶝᵸᴳḴḥᴻḐᶊ ᵸᶪ ᶎᴲ

ḡḻḈᴻᶍḑ᷂ḭḩḻḐᶱ ᵶᶅᵮᵿᵴᵣᴳḌᴻḳḉᶼᴻḻᶍḲḲᴻḁᵳᶇᶊḴḥ

ᴻḐ ᵫ ᵴᶫᶪᵲᶇᵫᵡᶩᶝ  н( ᶍ ᶊᶃᵣᶅᶎḑ᷂ḭḩḻḐᶱ

ᵶᶅᵮᵿᵴ )rᴳḡḻḈᴻᶎᴲḴḥᴻḐᶍ ᶣ ᶊטּ ᵸᶪ ᶉḑ᷂ḭḩḻḐᶱ

ᵶᶅᵣᶝᵸᴳᵲᶫᶨᶍ ᶎ ᶍḎᴻḦᶇᶉᶪᵾᶠᴲᵲᶍ ᵿᵰᶆ ᵶᵮ

ᵸᶪᵲᶇᶎᶆᵬᶝᵺᶲ  G

 

FPGA ᶽḧḭḴᴻḇ  ᴻ

 

ᶽḧḭḴᴻ᷿ḯḻᶎ ᶊᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ ḏḘḋ᷅ᶊ ᵴᶫᴲᶷḟḲ᷆ᴻ᷿

ḯḻᵫ ᶈᵩᶩᶊ ᵶᴲ ᵶᵣ ᶱוֹ ᵸᶪᵲᶇᶱ ᵶᶝᵸᴳ᷈ḻḙᶹḳ

ᵫ ᵮᶉᶪ ᶍ FPGA ḗᴻḑᶻᶼᶷ ᶆᴲᵲᶍḴḡḳᶍ ᶱ ᵥ ᶎᵡ

ᶩᶝᵺᶲᴳᶽḧḭḴᴻ᷿ḯḻᴴḝḵᴻᶎᴲicpx  ᷈ḻḙᶹḳ᷈Ḧḻḑᵪ ʝ-

Xshardware  ḝḱ᷅ᶱ ᵶᴲ ᶊḣḁḐ᷈ᴻḑ ᶆ 

INTEL::fpga_selector_v  ᶍ ᶮᶩᶊ 

INTEL::fpga_emulator_selector_v ᶱ ᵸᶪᵲᶇᶆ ᵴᶫᶝᵸטּ  G  

ᶍ᷈Ḧḻḑᶆ᷈ḻḙᶹḳᵶᶝ:н 

 
icpx - fsycl - fintelfpga my_source_code.cpp  

 

ḣḁḐᴴḟḵḃḋ᷊ᴻᶆ FPGA ᶱᶽḧḭḴᴻḐᵸ  ᶅ

fpga_emulator_selector_v  ᶱ ᵸᶪᵲᶇᶆᴲ ᶍ FPGA ḗᴻḑᶻᶼᶷ

ᵰᶍ ᶍᵪᵪᶪ᷈ḻḙᶹḳᶱ ᵥ ᶊᴲ ᶉ ᵩᶧᶒḏḘḋ᷅ḟḵḃḁᶱ

┐ ᶆᵬᶝᵸ IGNTEL::fpga_selector_v  ᶍ ᶮᶩᶊ 

INTEL::fpga_emulator_selector_v  ᶱ ᵸᶪ ᶱ  17 -11  ᶊ ᵶᶝᵸ  G
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#include  <sycl/ext/intel/fpga_extensions.hpp>  // fpga_selector_v ᵰ 

#include  <sycl/sycl.hpp>  

using  namespace  sycl ;  

  

void  say_device ( const  queue&  q) {  

  std ::cout << "Device : "  

   << q. get_device (). get_info <info :: device ::name>()  

   << " \ n" ;  

}  

 

int  main () {  

 queue  q{ ext :: intel ::fpga_emulator_selector_v};  

 say_device (q);  

 

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

   h. parallel_for ( 1024 , [=]( auto  idx ) {  

     // ...  

   });  

 });  

 

 return  0;  

}  

 
 17 - 11.  fpga_emulator_selector_v ᶱ ᵶᵾ ᶉ ᶇḏḘḋ  ᷅

 

FPGA ḗᴻḑᶻᶼᶷᶍ᷈ḻḙᶹḳᶎᵆ ᶊᵇ ᶮᶫᶪ 

 

 17 -10  ᶍ ᷈ḻḙᶹḳᶇḗᴻḑᶻᶼᶷᴴḟḵḝᶶᶹḳḁḎᴻḀᶎ SƎYCL ᶍ

ᶆᵣᵥᶇᵲᶬᶍ ᷈ḻḙᶹḳᶆᵸᴳᵲᶫᶎᴲ᷀ᴻḕḳᶱḏḘᶹḁḘᶹḒḲᴻᶊ᷈

ḻḙᶹḳᵸᶪᶍᶎᴲḟḵ᷅ḱḨᶱ ᶊ᷈ḻḙᶹḳᵸᶪ ᶆᵡᶩᴲḟḵ᷅ḱḨᵫ

ᵴᶫᶪḏḘᶹḁᶊ ᵴᶫᶪ ᶆᶎᶉᵣᵲᶇᶱ≥ ᵶᶝᵸFGPGA ᶆᶎᵲᶫᶎ ᶊ

ᶆ :н 

 

 ɯ ᷈ḻḙᶹḳᶊᶎᴲᶷḟḲ᷆ᴻ᷿ḯḻᶍ ᶊᶎ ᵴᵺᵾᵮᶉᵣᶚ

ᶈᶍ ᵫᵪᵪᶩᶝᵸ  G

 

 ɯ DPC++ ḟḵ᷅ḱḨᶎᴲ ꞌᵸᶪḣḁḐᴴḟḵḃḋ᷊ᴻᶱ ᵾᶉᵣ᷿

ḁḎḨᶆᶡ סּ ᶆᵬᶝᵸ FGPGA ḘᶹḒḲᴻᶗᶍ᷈ḻḙᶹḳ

ᶎᴲ ᶉ ᶍḩḪḲᴻᶱ ᵶᵾ ḟḵḃḋ᷊ᴻᶱ ᵸ

ᶪᵲᶇᶆ ᵫ ᵶᶝᵸ  G 
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᷈ḻḙᶹḳᶊᶧᶩᴲḟḵ᷅ḱḨᵫ ᵴᶫᶪ᷿ḁḎḨ ᶆ᷈ḻḙ

ᶹḳᶱ ᵥᶍᶆᶎᶉᵮᴲ᷈ḻḙᶹḳᶱ ᵸᶪ ᶱ ⌐ᶊ ᶆ

ᵬᶝᵸ  G

 

FPGA ᶆ DPC++ ᶱ ᵸᶪᶇᴲ ᶆᶎ ᶊ ᵮᶍᵲᶇᵫ ᵲᶩᶝ н 

 

ᶍ FPGA  ( ᶱ ᵶᶉᵣ ) ᶎ ᶊ ᶊᶉᶪᵲ

ᶇᵫᵡᶩᶝᵸᴳ᷀ᴻḕḳᶱ ᵸᶪᵿᵰᶆᶉᵮᴲᶿḝḉḋḟḩḪḲᴻᶇ ᵸ

ᶪᶹḻḇᴻḝᶼᶹḁᶍ ᶇ ᴲ᷈ḻḙᶹḳᵴᶫᵾ ᵫ ᶍ ᶇ

ᵸᶪᶍᶊ ᶉ ᶆ ᵸᶪᶧᵥᶊḴḀḁḇᴻᶱ ᵶᶅḇᶹḧḻ᷅

ᶱ ᵷᶪᶉᶈᴲ ᵮᶍ ᵫ ᶆᵸ G 

DPC++ ᶎᵲᶫᶨᶍ ᶱᵸᶘᶅ ᵶᴲ ᶍ FPGA ᶍ ᶱ

ᶨᶉᵮᶅᶡᴲ ᵸᶪᶷḟḲ᷆ᴻ᷿ḯḻᶱ ᶆᵬᶝᵸᴳ ᵲᶍḌᴻḳᶎᴲ᷀ᴻ

ḕḳᶱḏḘᶹḁ ᶆ ᵶᶅטּ ᵸᶪ᷈ᴻḑᶇᵶᶅ⅛ᵣᴲᵼᶍטּ ᴲḉḋḟ

ᶍ ᶇᶍ ᴲḇᶹḧḻ᷅ᶍ ᴲḑḱᶹḘᴻᶍ ᶇᵣᶂᵾᵸᶘᶅ

ᶍ ᶱ ᶊ ᵶᶝᵸ  G

 

FPGA ᶆ ᶍḙḝᶾᴻḦḻḁᶱ ᵸᶪᶊᶎᴲ ᶍᶷ᷄ḃḱḴᴻḇᴻᶇ

ᶊᴲᶷᴻ᷂Ḏ᷄ḉḫᴻᶊ ᵸᶪ ᶉ ᵫ ᶆᵸᵫᴲ᷈ᴻḑᵪᶨ ᵸ

ᶪ ᶗᶍ┌ ᶎᴲ ᶍ FPGA ḝḵᴻᶊ ᶘᶅ DPC++ ᶍ ᵫᶎ

ᶪᵪᶊ ᶆ ᶆᵸ  G

 

 

FPGA ᵰᶊ᷀ᴻḕḳᶱ  
 

ᶷḟḲ᷆ᴻ᷿ḯḻᶊ FPGA ᶱ ᵸᶪᵲᶇᶱ ᵶᵾ ᴲᵡᶪᵣᶎ ᶊ ᵶᶅᶞ

ᶧᵥᶇ ᶠᵾ ᶆᶡᴲ ᶉḙḝᶾᴻḦḻḁᶱ ᵸᶪ᷈ᴻḑᶍ ᵬ ᶱ ᵶ

ᶅᵩᵮᵲᶇᵫ ᶆᵸᴳᵲᵲᶆᶎᴲ ᶉ ᶱ ᶊ ᵶᴲ ᶱ ᵬᶣᵸᵣ

ḐḜḋ᷄ᶱᵣᵮᶃᵪ ᶩ ᵱᶪᵲᶇᶆᴲᶧᶩ ᵮ ᶱ ᶠᶨᶫᶪᶧᵥᶊᵶᶝᵸᴳ 
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ᶍּס  טּ

 

ᵲᶫᶝᶆ FƎPGA ᶆ ᶱ ᵮ ᵸᶪᵾᶠᴲḙᶹḟḱᶹḻ ᵫᶈᶍ

ᶧᵥᶊ ᵴᶫᶪᵪ ᶅᵬᶝᵶᵾᴳ 17 -12  ᶊᴲ ᶍ ᶉḙᶹḟḱᶹḻᶍ ᶱ

ᵶᶝᵸ  G

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 17 - 12.  5 ḁḎᴻḀᶍ᷿ḻḟḳᶉḙᶹḟḱᶹḻ: ḏᴻḇ ᶍ ᶊ 6 ᷄ḵḋ᷊᷄ᶹ᷄ḳ 

 

ᵲᶍḙᶹḟḱᶹḻᶊᶎ 5 ᶃᶍḁḎᴻḀᵫᵡᶩᶝᵸᴳḏᴻḇᶎ᷄ḵḋ᷊᷄ᶹ᷄ḳᵳᶇ

ᶊ 1 ᴲᵡᶪḁḎᴻḀᵪᶨ ᶍḁḎᴻḀᶗᶇ┌ ᵸᶪᵾᶠᴲᵲᶍ ᶉ ᶆᶎᴲḏ

ᴻḇᵫḁḎᴻḀ 1 ᶊ ᶂᶅᵪᶨḁḎᴻḀ 5 ᵪᶨ ᶪᶝᶆ 6 ᷄ḵḋ᷊᷄ᶹ᷄ḳ ᵶ

ᶝᵸ  G

 

ḙᶹḟḱᶹḻ ᶍ ᶉ ᶎᴲḙᶹḟḱᶹḻᶍ│ᶉᶪḁḎᴻḀᶆ ᶍḏᴻḇ

ᶱ ᶊ ᶆᵬᶪᶧᵥᶊᵸᶪᵲᶇᶆᵸᴳᵲᶍ ᶱ ᶊᵸᶪᵾᶠ  Ǝ17 -

13  ᶎᴲ ᶉḷᴻ᷄ᵫᶉ  r(ᵲᶍ ᶎḏᴻḇ ᵫ 1 ᶃᵶᵪᶉ )r ḙᶹḟḱᶹ

ḻᶱ ᵶᶅᵩᶩᴲᵼᶍ ᴲוֹ ḙᶹḟḱᶹḻᴴḁḎᴻḀᶎ᷄ḵḋ᷊᷄ᶹ᷄ḳᶍᶚᶇᶲᶈ

ᶆ ᶊᶉᶩᶝᵸᴳᵲᶫᶎ FPGA Ḳḅᴻḁᶍ ᶉ ᶆᵸᴳᶉᵻᶉ

ᶨᴲḗᴻḑᶻᶼᶷᶍ ᵫᶚᶇᶲᶈᶍ ᶷᶹḑḳ ᶊᶉᶂᶅᵣᶪᵾᶠᶆᵸᴳ 
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 17 - 13.  ╗ᶍḷᴻ᷄ ᶍᶞᶱ ᵸᶪ ᴲḙᶹḟḱᶹḻᴴḁḎᴻḀᶎᶚᶇᶲᶈ

ᵴᶫᶝᵺ  ɸ

 

ḙᶹḟḱᶹḻᶍ ḁḎᴻḀᶱᶧᶩ ᵮ ᵸᶪᶊᶎᴲḙᶹḟḱᶹḻᶊḏᴻḇᶱ

ᵸᶪ ᶍḁḎᴻḀᶍ ᶊᴲ ᶍḷᴻ᷄ᶍ᷂ḭᴻᵫ ᵸᶪᶇ ᵸᶪᶇ

וֹ ᶆᵸᴳ  17 -14  ᶊ ᵸᶧᵥᶊᴲ ᷄ḵḋ᷊᷄ᶹ᷄ḳᶆᴲḙᶹḟḱᶹḻᶎ᷂ḭᴻ

ᵪᶨḷᴻ᷄  ɵ1 ᶃ ᵶᶅ ᶆᵬᶝᵸᴳ ᶍ ᷊ᶹ᷄ḳᵫ ᵸᶪ

ᶇᴲḙᶹḟḱᶹḻᶍ ḁḎᴻḀᵫ︣ ᵶᴲ ᷄ḵḋ᷊᷄ᶹ᷄ḳᶆ ᶉ ᶱ ᵶ

ᶅ FƎPGA Ḳḅᴻḁᶱ ᵮ ᶆᵬᶪᶧᵥᶊᶉᶩᶝᵸᴳ 
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 17 - 14.  ᶉ ᶎᴲḙᶹḟḱᶹḻᶍ ḁḎᴻḀᵫ ᶊ︣ ᵶᶅᵣᶪᶇᵬᶊ  

 

ᶍ 2 ᶃᶍḃ᷿᷄ḯḻᶆᶎᴲḙᶹḟḱᶹḻᶊ ᵸᶪ᷂ḭᴻᶱᴲᵸᵯᶊ ᶆᵬ

ᶪḷᴻ᷄ᶆ ᶊ ᵾᵶᶅᵩᵮ ᶊᶃᵣᶅ ᵶᶝᵸᴳ∙ּזᶱ ᶅᵣᵬᶝᵸᴳ 

 

1.  ND - range ᷀ᴻḕḳ 

 

2.  ḳᴻḟ 

 

ᵲᶫᶨᶍᶈᶀᶨᶱ ᶕᵪᶊᶧᶂᶅFƎPGA ᶆ ᵸᶪ᷀ᴻḕḳᶍ ᶉᶷ

ᴻ᷂Ḏ᷄ḉḫᴻ ᶊ☼ ᵶᶝᵸᴳᶷḳ᷉ḲḂḨᶊᶧᶂᶅᶎᴲᶈᶀᶨᵪᶍḁḇᶹḳᶊ

ᵶᶅᵣᶪ ᶡᵡᶫᶏᴲḟḵ᷅ḱḦᴻᶍ ᶞᶣ ᶊᶧᶂᶅᶈᶀᶨᵪᶱ ᵸᶪ

ᶡᵡᶩᶝᵸ  G
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ND - Range ᶱ ᵶᶅḙᶹḟḱᶹḻᶱ ᶊ︣ ᶊ ᶃ 

 

ND - range ᶍ Ḫḏḳᶊᶃᵣᶅᶎᴲ  4 ᶆ ᵶᶝᵶᵾᴳ  17 -15  

ᶎᴲ ᶉ ᶱ ᵶᶅᵣᶝᵸᴳᵼᶫᶎᴲḷᴻ᷄ ᵫ ᶊ᷅ḳᴻḟּטᵴᶫᴲḷ

ᴻ᷄ ᵫ᷀ᴻḕḳᶊᶧᶂᶅ ᵴᶫᶪḷᴻ᷄ᶍ ∞ᶆᵡ  ᶅND - range 

ḪḏḳᶆᵸᴳᵲᶍḪḏḳᶎᴲ Ḫḏḳ ᶍᵴᶝᵵᶝᶉḴḡḳᶆḷᴻ᷄ ᵫ

ᶊ ᵴᶫ  ᶅ GPU ᶍ ᵣḟḵ᷅ḱḧḻ᷅ᶍᵾᶠᶊ ᵴᶫᵾᶡᶍᶆᵸᴳ

GPU ḗᴻḑᶻᶼᶷᵫ ᵮ ᶆᵬᶪḷᴻ᷄ᶍ ᶊ ᶮᵺᶅᴲᶚᶇᶲᶈᶍᶷ

ḟḲ᷆ᴻ᷿ḯḻᶆᶎ ND - range ᶍḷᴻ᷄ ᵫ ᶊ ᵸᶪᵲᶇᶎᵡᶩᶝᵺᶲᴳ 

 

 

 

 

 

 

 

 

 

 

 

 

 
 17 - 15.  ND - range Ḫḏḳ: ḷᴻ᷄ ᶍ ᷅ḳᴻḟּט 

 

FPGA ᶍ ḙᶹḟḱᶹḻᶎNƎD - range ᶱ ᵸᶪᵲᶇᶆ ᶊ ᶊ

ᶱ ᶆᵬᶝᵸᴳᵲᶍḟḵ᷅ḱḧḻ᷅ᴴḁḇᶹḳᶎ FPGA ᶆ ᶊ᷊ḥᴻḐᵴᶫ

ᶅᵩᶩᴲ  17 -16  ᶊ ᵸᶧᵥᶊᴲ᷄ḵḋ᷊᷄ᶹ᷄ḳᵳᶇᶊ│ᶉᶪḷᴻ᷄ ᵫḙᶹ

ḟḱᶹḻᶍ ᶍḁḎᴻḀᶊ ᶪᶇ ᵧᶨᶫᶝᵸᴳ  
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 17 - 16.  ND - range ᶱ ḙᶹḟḱᶹḻᶊ  

 

ḙᶹḟḱᶹḻᶱ ᶊ︣ ᶊ ᶃᵾᶠᶊᴲḷᴻ᷄ ᶱ ᵶᶅ FPGA ᶊ 

ND - range ᷀ᴻḕḳᶱ ᵸᶪᶘᵬḇᶹḧḻ᷅ᶎ?  

ᵧᶎ ᶆᵸᴳᶷḳ᷉ḲḂḨᶣᶷḟḲ᷆ᴻ᷿ḯḻᶱᴲ ᶊ ( ᶊᶎ ᵮ) 

ᵸᶪ ᶍᶉᵣ ᵶᵾḷᴻ᷄ ᶇᵶᶅ ᶆᵬᶪ ᶎNƎD - range ᶱ

ᵸᶘᵬᶆᵸᴳḷᴻ᷄ ᶆ ᶊ ᵫ ᶉ ᴲᶝᵾᶎ ND - range ᶇᵣ

ᵥ ᶱ ᶊ≥ ᵶᶉᵣ ᶎᴲḳᴻḟ ( ᶍḃ᷿᷄ḯḻᶆ ) ᶱ ᵸᶪᵲ

ᶇᶆᴲᶷḳ᷉ḲḂḨᶱ ᵮ ᶆᵬᶝᵸᴳ 

ᶷḳ᷉ḲḂḨᶱᴲḷᴻ᷄ ᶍ ᶱᶚᶇᶲᶈ (ᵡᶪᵣᶎ ᵮ) ᶇᵶᶉᵣ

ᶧᵥᶊ ᶆᵬᶫᶏ NƎD - range ᶎ ḙᶹḟḱᶹḻᶱ ᶊ╗ ᶊ ᶃḷᴻ᷄

ᶱ ᵸᶪ ᶫᵾ ᶇᶉᶩᶝᵸ  G
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ḙᶹḟḱᶹḻᶊ ND -range ᶱ ᵸᶪ ᵣ᷀ᴻḕḳᶍ ᶇᵶᶅᴲ

ᵫ ᵱᶨᶫᶝᵸᴳᵲᶍ ᶆᶎᴲ᷿ᴻ᷆ḻḁ ᶍ ᶍ ᵫᴲ∙ ᶊ

ᵴᶫᵾ ᶇ ᵶᵾᶷḳ᷉ḲḂḨᵫ ᵴᶫᶅᵣᶝᵸᴳ 

 

 17 -17  ᶎ 1Ǝ6×16×16  ᶍ ∫ ᶍ ḷᴻ᷄ ᶊ ᵶᶅ  ɵ1 

ᶒ  нND - range ᷀ᴻḕḳᶱ ᵶᶅᵣᶝᵸᴳ ᵫᴲḷᴻ᷄  

ID ᶱ ᶇᵶᶅ ᵰ ᶪ ᶊ ᵶᶅᵮᵿᵴᵣ G

 
h. parallel_for ({ 16, 16, 16},  [=]( auto  I ) {  

  output [I] = generate_random_number_from_ID (I);  

});  

 
 17 - 17.  ᶍḷᴻ᷄  (16  16  16) ᶊᶧᶪ ᶍ ᶒ ᵶ 

 

ᵲᶍ ᶎᴲ᷅ḵᴻḘḳ᷊ᶹḂᶍᶞᶱ ᵶᶅ ∫ᶱ ᵸᶪ parallel_for  

ᶒ ᵶᶱ ᵶᶅᵣᶝᵸᴳ ᶮᶩᶊᴲ᷅ḵᴻḘḳᴴḷᴻ᷄ᴴ᷊ᶹḂᶇḵᴻ᷀ḳᴴḷᴻ᷄᷅

ḳᴻḟᴴ᷊ᶹḂᶍ ᶱ ᵸ ᶅnd_range  ᶱ ᵰ  ᶅparallel_for  ḁḇᶹ

ḳᶱ ᵸᶪᵲᶇᶡᶆᵬᶝᵸ  GFPGA ᶎᶿḻḉḋḟḲḅᴻḁᵪᶨḷᴻ᷄᷅ḳᴻḟᴴ

ḵᴻ᷀ḳᴴḩḪḲᴻᶱ ᵮ ᶆᵬᶪᵾᶠᴲḷᴻ᷄᷅ḳᴻḟᴴḵᴻ᷀ḳᴴḩḪḲᴻ

ᵫ ᶉ ᶣᴲḷᴻ᷄᷅ḳᴻḟ ID ᶱ ᵸᶪᵲᶇᶆ᷈ᴻḑᵫ ᵴᶫᶪטּ

ᶉᶈᴲḷᴻ᷄᷅ḳᴻḟᵫ ᶉ ᶎ ᶊḷᴻ᷄᷅ḳᴻḟᶱ ᶆᵬᶝᵸᴳ 

 

 

 

 

 17 -17  ᶍ ᶆᶎ gƎenerate_random_number_from_iD(i)  ᶎ

ᶊ ᶒ ᵴᶫᶅᶡ↨ ᴲᵪᶃ ᵶᵮ ᵸᶪ ᶆᵡᶪᶇ ᵶᶅᵣ

ᶝᵸ  G ᵧᶏ pƎarallel_for  ᶍ ∫ ᶍ│ᶉᶪḷᴻ᷄ ᵫ ᶱ

ᵸᶪ ᴲ ḷᴻ᷄ ᶊᶧᶂᶅ│ᶉᶪ᷿ᴻ᷆ḻḁᵫ ᵴᶫᴲ ᷿ᴻ᷆ḻḁ

ᶎ ᵪᶨ ᵴᶫᶪ ᶊ ᵥᵲᶇᵫ ᵴᶫᶝᵸᴳ

ᵫ ᶉḎᴻḦᶆᵡᶪᵾᶠᴲḱᶹḞḱḲᴻᶱ ᵶᵾᶩᴲḞḵḋ᷄ᴴḁ᷂ḋḟ

ᶷḠḋḑᴴᶷḳ᷉ḲḂḨᶉᶈᶍ ᶱ ᵶᶅᵲᶍḎᴻḦᶊᶃᵣᶅ ᶕᶍᵫ ᵣ

ᶆᵶᶦᵥ  G
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ḙᶹḟḱᶹḻᶎḏᴻḇ∟ ᶱ ᶊᵶᶝᵺ  ɸ

 

ḡ᷄Ḑḳᴴᶷᴻ᷂Ḏ᷄ḉḫᴻ (GPU ᶉᶈ) ᶱḟḵ᷅ḱḧḻ᷅ᵸᶪ ᶍ╗ᶃᶎᴲ╗

ᶍḷᴻ᷄ ᵫḡ᷄Ḑḳ ᶍḴᴻḻᶇᵶᶅ ᶊ ᵴᶫᶪ ᴲḷᴻ᷄

ᶍ ᶱ ᶊ ᵧᶃᶃᴲ ᶉᶷḳ᷉ḲḂḨᶱ ᵸᶪᵲᶇᶆᵸᴳᶷḳ᷉

ḲḂḨᶣᶷḟḲ᷆ᴻ᷿ḯḻᶊᶧᶂᶅᶎᴲḡ᷄Ḑḳᴴḗᴻḑᶻᶼᶷᶊ ᵶᵾᶡᶍᶡᵡᶫᶏᴲ

ᵼᵥᶆᶉᵣᶡᶍᶡᵡᶩᶝᵸᴳḦḋḜḻ᷅ᵫᵥᶝᵮᵣᵪᶉᵣ╗ ᶉ ╣ᶎᴲ ᵸ

ᶪ ᶍ ᶇᶍḏᴻḇ∟ ᶊᶧᶩᴲᶷḳ᷉ḲḂḨᵫ ∫ᶆḏᴻḇᶱ ᵸᶪ

ᵫᵡᶪᵲᶇᶆᵸᴳ  14 ᶆ ᵶᵾᶧᵥᶊᴲ᷊Ḟ᷅ḳᴻḟᶎᴲ ᵷ᷊Ḟ᷅ḳ

ᴻḟ ᶍḷᴻ᷄ ᶆ ᵣ ᶱ ᵸᶪᵲᶇᶆᴲḡ᷄Ḑḳᴴᶷᴻ᷂Ḏ᷄ḉḫ

ᴻᶍ ᶍ╗ ᶊ ᵶᶝᵸ  G

 

FPGA ᶎᴲ ᵶᵾ ᶊ ᶆᵬᶉᵣᶷḳ᷉ḲḂḨᶊᵩᵣᶅ ᶉ ᶱֹו

ᵾᵶᶝᵸ FGPGA ᶍ ḙᶹḟḱᶹḻᶎᴲḷᴻ᷄ ᵳᶇᶊḡ᷄Ḑḳּטᵴᶫᶪᶍᶆ

ᶎᶉᵮᴲḙᶹḟḱᶹḻᶍ ḁḎᴻḀᶆ ᵶᵾḷᴻ᷄ ᶱ ᵶᶝᵸᴳᵲᶍ

ᶍ ᶊᶧᶩᴲ ḙᶹḟḱᶹḻ ᶆᴲḷᴻ᷄  (│ᶉᶪḷᴻ᷄᷅ḳᴻḟᶊ

ᵸᶪᶡᶍᶡ )ɜ ᶍ ᶍ ᶱ ⌐ᴲᵪᶃ ᵮ ᶆᵬᶝᵸ G

 

╗ ᶇᵶᶅᴲ  N+1 ᵫ  N ᵫּךᶆᵡᶂᵾᵪᶱ ᶂᶅᵣᶪᵲᶇᶊ∟ ᵸᶪ

ᵫᵡᶩᶝᵸᴳᵲᶫᶊᶧᶩ2Ǝ ᶃᶍ ᶊḏᴻḇ∟ ᵫ ᵷᴲ ᵫ 

ND - range ᶍḷᴻ᷄ ᶆ ᵴᶫᶪ ᴲḷᴻ᷄ ᶊḏᴻḇ∟ ᵫ

ᵷᴲ╗ ᶍᶷᴻ᷂Ḏ᷄ḉḫᴻᶆᶎ ᶆ᷈ḁḐᶍᵪᵪᶪ ᵫ ᶊᶉᶪᵲᶇᵫᵡ

ᶩᶝᵸ  G 
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ᵲᶍᶧᵥᶉᶷḳ᷉ḲḂḨᶱ᷿Ḳᶷḳᶊ ᵸᶪ ᴲ ᶎḳᴻḟᶱ ᵶ  Ǝ

N+1 ᶆ  N ᶍ ᶱוֹ ᵶᶝᵸᴳᵲᶫᶎ  17 -18  ᶊ ᵴᶫᶅᵣᶝᵸᴳ

ᶎᴲ ᶍ ᶆ ᵴᶫᵾ ᶊ∟ ᵶᶝᵸᴳᵲᶫᶎ ᶊᶧᵮᵡᶪ

ḙḇᴻḻᶆᵸ  G
 
int  state = 0;  

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

 state = generate_random_number (state);  

 output [i] = state;  

}  

 
 17 - 18.  ḳᴻḟ ḏᴻḇᶍ∟  ( )  

 

ᶆᶎᴲ ᶱḙᶹḟḱᶹḻᶍוֹ ᶗᴲᶃᶝᶩ ᶍ᷊ᶹ᷄ḳᶆ ᵴᶫᵾ

 (ᵸᶉᶮᶀᴲḙᶹḟḱᶹḻᶍ ᶍḁḎᴻḀᶊᵡᶪ ) ᶊ ᵶᶅ ᵮ

ᵸᶪᵲᶇᵫᶆᵬᴲ ᷈ḻḙᶹḱᴻᶎᵲᶍḙḇᴻḻᶱ ᶊ ᵮᶍ ᶱטּ ᵶᶝ

ᵸᴳ  17 - 19  ᶎᴲḁḎᴻḀ 5 ᵪᶨḁḎᴻḀ 4 ᶗᶍḏᴻḇᶍ ᶍ ᶱ

ᵶᶅᵣᶝᵸ  G ḙᶹḟḱᶹḻᶎᴲḷᴻ᷄ ᶊᶮᵾᶂᶅḡ᷄Ḑḳּטᵴᶫᶝᵺ

ᶲᴳᵲᶫᶊᶧᶩᴲḙᶹḟḱᶹḻ ᶆ ᶱוֹ ᶊ ᵸᵲᶇᶆᴲḏᴻḇ∟ ᶱ

ᵮ ᶆᵬᶝᵸ  G
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 17 - 19.  ᶊᶧᶩᴲ ᵣḏᴻḇ∟ ᶍ ᵫּס  

 

ḏᴻḇ  ɵ(ḙᶹḟḱᶹḻᶍ ᶍḁḎᴻḀᶊ) ᶊ ᵸ ᶎᴲ ᶷᴻ᷂Ḏ

᷄ḉḫᴻᶊᶇᶂᶅ ᶆᵸᵫᴲᵼᶫᶱ ᵸᶪ᷈ᴻḑᶍ ᶎ ᶆᶎᵡᶩᶝ

ᵺᶲᴳᵲᶍḙḇᴻḻᶱ ᶊ ᵸᶪᶊᶎ2Ǝ ᶃᶍ ᵫᵡᶩᶝ :н 

 

1.  ḳᴻḟ 

 

2.  ND - range ᷀ᴻḕḳᶱ ᵶᵾ᷀ᴻḕḳ ᶍḙᶹḟ 

 

2 ᶃ ᶍ ᶎᴲᵲᶍ ᶍ ᶆ ᵸᶪḙᶹḟᶊ ᶄᵣᶅᵣᶝᵸᴳᵶᵪᵶᴲ

ḳᴻḟᶚᶈ╗ ᶆᶎᶉᵣᵾᶠᴲᵲᵲᶆᶎ ᶱ ᵸᵾᶠᶊ ᶫᶪᵿᵰᶆᴲ ᶎ

ᵶᶝᵸᴳḡḻḈᴻᶍḑ᷂ḭḩḻḐᶊᶎḙᶹḟ ᶍ ᶉ ᵫ ᵴᶫᶅᵣ

ᶝᵸᵫᴲ ᶊ ᵫᶉᵣ ᶩᴲ ᶊ ᵸᶪḳᴻḟ ᶊ ᵥ ᵫ ⌐ᶆᵸᴳ 
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ḙᶹḟḱᶹḻᶊᶧᶪḳᴻḟᶍ  

 

ḏᴻḇ∟ ᶍᵡᶪᶷḳ᷉ḲḂḨᶱḟḵ᷅ḱḧḻ᷅ᵸᶪ ᴲḳᴻḟᶎ ᶉ

ᶆᵸ ḳGᴻḟᶎᴲḳᴻḟᶱ ᵸᶪḇᶹḧḻ᷅ᶱ ᵸᶪ᷀ᶻḻḇᴻᵫᴲ ᶱᶝᵾ

ᵣᶆ╥ᵬ ᵫᶫᶪ ᶡ ᶉḳᴻḟᶍ  (  17 -20  ᶍ  i  ) ᶆᶡ ᶍ

∟ ᶱ ᶃᵲᶇᵫᵡᶩᶝᵸ  G

 
int  a = 0;  

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

  a = a + i;  

}  

 
 17 - 20.  2 ᶃᶍḳᴻḟ∟  (ᶃᶝᶩ iƎ ᶇ a) ᶱ ᶃḳᴻḟ 

 

 17 -20  ᶍ ᶉḳᴻḟᶆᶎ aƎ= a + i  ᶍ█ ᶊᵡ  ᶅa ᶍ ᶎᴲ ᶍḳᴻ

ḟ ᶆ ᵴᶫᵾ ᴲᶝᵾᶎḳᴻḟᶍ ᶍ ᶍ ᶎ ᶱ ☿ᵶᶅᵣ

ᶪᵲᶇᵫ ᵪᶩᶝᵸᴳ ᷈ḻḙᶹḱᴻᵫḳᴻḟᶱ ᵸᶪ  Ǝ17 -21  ᶊ

ᵸᶧᵥᶊᴲḳᴻḟᶍ ᶆḙᶹḟḱᶹḻᶍ ḁḎᴻḀᶱ ᶠᶪᵲᶇᵫᶆᵬᶝᵸᴳ  

ḷᴻ᷄ᶍ ᵫ ᶂᵾḷᴻ᷂᷄ḭᴻᶊᶎᴲḷᴻ᷄ ᶆᶎᶉᵮḳᴻḟᶍ

ᵫ ᶝᶫᶪᵲᶇᶊ ᵶᶅᵮᵿᵴᵣ G
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 17 - 21.  ᵶᵾḳᴻḟ ᶊᶧᶂᶅ ᵴᶫᶪḙᶹḟḱᶹḻᴴḁḎᴻḀ 

 

ᵴᶫᵾ ᶍ ᶱ  17 -22  ᶊ ᵶᶝᵸ  Gᵲᶍ ᴲ  17 -17  ᶍ

ᶧᵥᶊḷᴻ᷄ ᶍ ID ᶊ ᶄᵣᶅ ᶱ ᵸᶪ ᶮᶩᶊᴲḀᶼḕḴᴻḇᴻᶎ∙

ᶊ ᵴᶫᵾ ᶱ╥ ᶇᵶᶅ ᵰ ᶩᶝᵸ G

 
h. single_task ([=]() {  

 int  state = seed;  

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

 state = generate_incremental_random_number (state);  

 output [i] = state;  

   }  

});  

 
 17 - 22.  ᵴᶫᵾ ᶊ∟ ᵸᶪ  
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ᵲᶍ ᶆᶎᴲ ᶩ ᵶ ᵴᶫᶪ ᵫ ╗ḇḁ᷄ ᶍḳᴻḟᶆ ᵴᶫᶅᵣᶪᵾ

ᶠ pƎarallel_for  ᶍ ᶮᶩᶊ single_task  ᶱ ᵶᶅᵣᶝᵸᴳᵼᶍᵾᶠᴲᵲ

ᶍ᷈ᴻḑᶊ ᶍḷᴻ᷄ ᶱ ᶠ  ᶅ(parallel_for  ᶱ ᵸ )ᶅ ᶎᵡᶩ

ᶝᵺᶲ sGingle_task  ᶍḳᴻḟᶊᶧᶩᴲ∙ ᶊ ᵴᶫᵾ state  ᵫ

ᶍ ᶒ ᵶᶊ ᵸᵲᶇᶱᴲᶧᶩ ᶊ ᶆᵬᶝ н(ḟḵ᷅ḱḧḻ᷅ ᶍ

)  G

 

 17 -22  ᶍᶧᵥᶉ FƎPGA ᶎḳᴻḟᶱ ᵮ ᶆᵬᶝᵸᴳ ᵮᶍ

ᴲḙᶹḟḱᶹḻᶱ ᶊ╗ ᶍ ᶊ ᶃᵲᶇᵫᶆᵬᴲ ᶉᵮᶇᶡḴḥᴻḐᶱ ᵷᶅᴲ

︣ ᶱ ᶠᶪᵾᶠᶊּךᶱ ᵸᶘᵬᵪḚḻḐᶱ ᵶᶝᵸᴳᵲᶍ ᶱ ᵸᶪᶇᴲ

ḳᴻḟ ᶱḷᴻ᷄ ᶊ ᵬ ᵧᵾ ᴲ ᵷᶷḳ᷉ḲḂḨᶍ ᵫᶎᶪᵪᶊ

ᶊᶉᶩᶝᵸᴳᶉᵻᶉᶨᴲᵡᶪḷᴻ᷄ ᶊᶧᶂᶅ ᵴᶫᵾ ᶱᴲᶹḻ᷄ḲḩḻḐ

ᶆ ᵸᶪᵾᶠ ᶍḷᴻ᷄ ᶊ ᵸᶪ ᵫᵡᶪᵾᶠᶆᵸᴳ ᶊᴲ ḷᴻ

᷄ ᵫᵼᶫᵽᶫ ᵶᵾ ᶱ ᵸᶪᶧᵥᶊḷᴻ᷄ᶱḘḋḉ ᶆᵬᶉᵣ

ᴲ᷈ᴻḑᶎᵴᶨᶊ ᶊᶉᶩᶝᵸᴳ 

 

ḳᴻḟ  

 

ᶊᶎ CƎ++ ᶍḳᴻḟ ᶎᴲ  17 -23  ᶊ ᵸᶧᵥᶊ 1Ǝ ᵹᶃ

ᵴᶫᶪᶇ ᵧᶪᶍᵫ ᶆᵸᴳᵼᶫᵫḟḵ᷅ḱḧḻ᷅ᴴḪḏḳᶆᵡᶩᴲḳᴻḟᶊᶃᵣ

ᶅ ᵧᶪ ᵶᵣ ᶆᵸᴳᵶᵪᵶᴲ ᶊᵩᵣᶅᶎᴲḟḵ᷅ḱḨᶍ ᶍ  (ᶃ

ᶝᶩᴲ ᶞᶆ ᶍᶉᵣ ) ᵫ ᶊ ᵧᶪ ᶆ ᵶᶉᵣטּ ᶩᴲ᷈ḻḙᶹḱ

ᴻᶎ ᵮᶍ ᶱטּ ᶊ ᶆᵬᶝᵸᴳ᷈ḻḙᶹḱᴻᶍ ᶊטּ ᶉᵮᴲ

ᶉᵲᶇᶎᴲḳᴻḟᵫ  17 -23  ᶍᶧᵥᶊ ᵴᶫᶪᶧᵥᶊ ᵧᶪᵲᶇᶆᵸ G

 

 

 

 

 

 

 

 

 



 

 

484  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 17 - 23.  ᶊḳᴻḟᶍ ᶎ╗ᶃᵹᶃ ᶊ ᵴᶫ  ᶅ

 

᷈ḻḙᶹḱᴻᶍ ᵪᶨᶎᴲ 17 -24  ᶎḳᴻḟ ᶍ ᵫ ᶊᶿ

ᴻḘᴻḱḋḟᵴᶫᶪḳᴻḟᴴḙᶹḟḱᶹḻ ᶱטּ ᵶᶅᵣᶝᵸᴳ│ᶉᶪ ᶆ

ᶎᴲ ḙᶹḟḱᶹḻᶍ│ᶉᶪḁḎᴻḀᵫᵼᶫᵽᶫ ᵴᶫᶝᵸᴳḙᶹḟḱᶹḻᶍ

ḁḎᴻḀ ᶍḏᴻḇ∟ ᶎ᷈ḻḙᶹḱᴻᶊᶧᶂᶅ ᵴᶫᶪᵾᶠᴲḟḵ᷅ḱḨ

ᶎ ᵫ ᵴᶫᶅᵣᶪᵪᶍᶧᵥᶊ ᵶᶝ  н(ᵾᵿᵶᴲḳᴻḟᶍ ᶎ

ᶧᶩ ᵮ ᵶᶝ )н  G
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 17 - 24.  ḳᴻḟᴴḙᶹḟḱᶹḻ ᶆᶎᴲḳᴻḟ ᶱḙᶹḟḱᶹḻᶍ ḁḎᴻḀᶊᶝᵾ

ᵫᶂᶅᶿᴻḘᴻḱḋḟᶆᵬᶝ  н

 

ḳᴻḟᴴḙᶹḟḱᶹḻ ᶎᴲḳᴻḟ ᶍ ᵫᴲḳᴻḟוֹ ᶍᵸᶘᶅᶍ

ᵫ ᵸᶪᶧᶩᶡᵪᶉᶩ ᶊ ᶱ ᵸᶪּס ᵫᵡᶪᵲᶇᴲᵼᵶᶅ ḙ

ᶹḟḱᶹḻᶆᶎᴲ᷈ḻḙᶹḱᴻᵫᵼᵥ ᵶᵾ ᶊᴲ ᶱוֹ ᶍḙᶹḟḱᶹḻᴴḁḎ

ᴻḀᶊ ᵸᵲᶇᵫּס ᶆᵡᶪᵲᶇᶱ ᵸᶫᶏᴲ ⌐ᶊ ᶆᵬᶝᵸ  G17 - 25  

ᶎᴲḁḎᴻḀ 1 ᶍ ᵫḙᶹḟḱᶹḻוֹ ᶆ ᶊḝᶸᴻḑḘḋ᷄ᵴᶫᴲ ᶍ

ᵫ ᵸᶪ ᶊᴲ∙ ᶍḳᴻḟ ᶆᵼᶍ ᶱוֹ ᶊ ᶆᵬᶪᵲᶇᶱ ᵶᶅ

ᵣᶝᵸ  G
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 17 - 25.  ᶍḙᶹḟḱᶹḻ  

 

ḳᴻḟᴴḙᶹḟḱᶹḻ ᶆᶎᴲḳᴻḟᶆ ᶍ ᶍ ᵫᶿᴻḘᴻḱḋ

ḟᵸᶪּס ᵫᵡᶩᶝᵸᴳᶿᴻḘᴻḱḋḟᵸᶪ ᵫᵡᶪᵲᶇᶆᴲḳᴻḟ ᶆḏᴻ

ḇ∟ ᵫᵡᶂᶅᶡᴲḳᴻḟᶍ ᶱ ᵶᶅḙᶹḟḱᶹḻᶊḷᴻ᷄ᶱ ᶠ

ᶟᵲᶇᵫᶆᵬᴲ ᶊᶃᶉᵫᶩᶝᵸטּ  G17 -26  ᶎᴲ  17 -25  ᶊ ᵶᵾ

ᶉḙᶹḟḱᶹḻ ᶆᴲḳᴻḟᶍ ᵫḳᴻḟᶊᶧᶂᶅ ᵴᶫᶪḏᴻḇ∟

ᵫᵡᶂᶅᶡᴲᶈᶍᶧᵥᶊ ᵫᶿᴻḘᴻḱḋḟᵸᶪᵪ ᵶᶅᵣᶝᵸᴳ 

 

 

 

 

 

 

 

 

 




































































































































































































































































